
Increased lung uptake of technetium-99m sulfur
colloid (TcSC) has been associated with a very poor
prognosis (1â€”10). Most reports have dealt with only
one or two patients, but one report of 22 patients
noted a 50% death rate at 3Â½ mo after imaging
and a strong, although not invariable, association
with liver disease (3). We studied 27 patients with
varying degrees of increased lung uptake of TcSC
to determine whether the degree of lung uptake cor
relates with life expectancy and the prevalence of
other abnormalities in the liver and spleen images.

MATERIALSAND METHODS

Patients who showed increased lung uptake of
TcSC in liver and spleen images were collected
prospectively over a 12 mo period. All patients were
injected with 3 mCi of TcSC and imaged in the
anterior, posterior, and both lateral projections with
either a scintillation camera or a rectilinear scanner.

When a scintillation camera was used, images of the
left and right sides in the anterior and posterior pro
jections were exposed for equal time to allow corn
parison of radiotracer concentration in the liver and

spleen.
The presence of increased lung uptake of TcSC

was evaluated in the anterior and posterior images.
With the imaging techniques employed, normal im
ages of the liver and spleen show either no evidence
of radiotracer in the lungs or only a barely detectable
amount. Rectilinear scans tend to show more evi
dence of radiotracer in the lungs than do scintillation
camera images, presumably because the lungs are
close to the focal plane with the rectilinear scanner.
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Twenty-seven patientt with increased lung uptake of technetium-99m
sulfur colloid (TcSC) were studied as a group and after classification by
the degree of lung uptake (15 patients mild, 6 moderate, and 6 marked)
to determine survival rate and the incidence of associated abnormalities.
Using life-table data based on all 27 patients, it is estimated that 74%
would be alive at 6 mo; this is significantly higher (p < 0.02) than the
38% survival estimate at 6 mo for patients reported in the literature.
Twenty-two of the 27 patients (81 %) had increased splenic uptake of
TcSC, 1 5 (56%) had splenomegaly, 1 7 (63%) had an abnormal liver
image (enlargement or nonhomogeneity), and 9 (33%) had increased
bone-marrow uptake. As the degree of lung uptake increased, there was a

tendency for the survival rate to decrease and for the incidence of other
abnormalities in the liver and spleen images to increase. This tendency was
statistically significant (p < 0.05) for abnormal liver image, and also for
increased bone-marrow uptake and splenomegaly when patients with mod
erate and marked lung uptake were combined and compared with patients
with mild lung uptake. increased lung uptake of TcSC is strongly associated
with other abnormalities in the liver and spleen images, but is not neces
sarily associated with a poor prognosis, particularly when the degree of
increased lung uptake is mild.
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concentration of radiotracer in the spleen was con
sidered increased if it clearly exceeded the concen
tration of radiotracer in the liver in the posterior
image (12,13).

The medical record of each patient was reviewed
to obtain the results of liver-function tests at the time
of imaging and the final diagnosis at the time of dis
charge or last visit. The current status of each pa
tient was determined by contacting either the patient
or the patient's physician. The status and survival
time of patients with increased lung uptake of TcSC
as reported in the literature was compared with the
present series using a regression model that allows
for the influence of age and sex and generates a con
tinuous curve based on the discontinuous data (14).
Patients without reported followup information and
an unusually large number of patients with the rare
disease mucopolysaccharidosis type 11 (9) were
excluded.

RESULTS

Patient selection. No patient was excluded from this
study of increased lung uptake of TcSC among other
patients studied on the same day. Relatively few pa
tients were excluded because increased radiotracer
concentration in the bone marrow might account for
the apparent increased lung uptake.

Survival rate. Of the total group of 27 patients, 20
(74% ) were alive an average of 18 mo after the
first liver-spleen study that showed increased lung

FIG.2. A,B,andCdemonstratemild,moderateandmarkedly
increased lung uptake of TcSC, respectively, in anterior images of
the liver. Increased lung uptake is classified as â€˜mildâ€•when
radiotracer concentration in lungs is clearly visible and more than
usual, but is only a small fraction of concentration in liver; â€œmod
crateâ€•when border between lung and liver begins to be ob
scured; and @@markedâ€•when concentration in lungs appears similar
to that in liver.

A

FIG.1. Normallyexposed(A)andoverexposed(B)anteriorim
ages in patient with normal TcSC study of liver and spleen. Nor
mally exposed image shows no evidence of radiotracer in lungs,
whereas overexposed image demonstratesa small amount of radio
tracer in lungs.

Even though little or no radiotracer is demonstrated
in the lungs with routine imaging techniques, most
normal patients can be shown to have some lung
uptake of TcSC if the image is overexposed (Fig. 1).

The quality of the radiopharmaceutical and the
possibility of in vitro macroaggregation were checked
by examining the liver and spleen images of other
patients injected with the same preparation of TcSC
for the presence of increased lung uptake. An aver
age of five patients were studied with TcSC each day.
A patient with increased lung uptake was excluded
from the study if either more than two patients, or
a majority of the patients examined with the same
preparation, showed increased lung uptake on a
given day. Patients were also excluded if the degree
of radiotracer concentration in the bone marrow, as

judged from the lumbar spine in the posterior image,
was sufficient to account for the amount of radio
tracer in the chest.

Increased lung uptake of TcSC was classified on
the basis of the relative concentration of radiotracer
in the lungs and liver in the anterior image (9). The
classification â€œmildâ€•was used when the concentra
tion of radiotracer in the lungs was clearly visible, but
was only a small fraction of that in the liver (Fig. 2).
â€œModerateâ€•was used when the border between the
lungs and liver began to be obscured, and â€œmarkedâ€•
was used when the radiotracer concentration in the
lungs was comparable with that in the liver (Fig. 2).

Liver size was evaluated visually with the aid of
a costal-margin marker on one anterior image and
knowledge of the patient's height and weight. The
presence of nonhomogeneity of radiotracer distri
bution in the liver, focal decrease in the radiotracer
concentration in the liver, and increased radiotracer
concentration in the bone marrow were determined
subjectively. The spleen was considered enlarged if
its longest dimension exceeded 13 cm (1 1 ) and the
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Degree
of lung
uptakeNo.

of
patientsAbnormal

liver
image (%)Increased

bone-marrow
activityIncreased

splenicFollowup
statusand

mean time tofollowupSizeActivityAlive

Dead

Mild 15 6 (40)t 2 (13)t 5 (33)f 11 (73)

Reference
No.Number of patientsFollowup

statusAliveDead
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TABLE 1. IMAGE AND FOLLOWUP FINDINGS IN 27 PATIENTS WITH INCREASED LUNG UPTAKE

OF Tc-99mSULFURCOLLOID

12 (86)
19 mo
4 (67)

19 mo
4 (67)

13 mo
20 (74)
18 mo

2 (14)$
3'A mo
2 (33)

Â½
2 (33)
3 mo
6 (23)
3 mo

Moderate 6 5(83) 3 (50) 5 (83) 5 (83)

Marked 6 6(100) 4 (67) 5 (83) 6 (100)

Total 27 17 (63) 9 (33) 5 (56) 22 (81)

* Indicates significant linear regression (p < 0.05) for Mild, Moderate, and Marked categories.

t Indicates significant difference (p < 0.05) compared with Moderate and Marked categories combined.
t Onepatientwithmildincreasedlunguptakediedduringopen-heartsurgeryandisnotincluded.

uptake of TcSC; six patients (23 % ) were dead an
average of 3 mo after the TcSC study (Table 1) . One
patient with mildly increased lung uptake died dur
ing open-heart surgery and was excluded from sur
vival analysis. Twenty-seven patients with increased
lung uptake and adequate followup information were
reported in the literature (Table 2). Eleven of these
(41 % ) were alive an average of 5 mo after the
TcSC liver-spleen study, whereas 16 (59% ) were
dead an average of 1 mo after the TcSC study. There
were no deaths in either the present or the literature
series of patients beyond 6 mo after the TcSC study.
Life-table estimates (14) for a 6-mo followup time
give an estimated survival rate in the present series
of 74% . This is significantly higher (p < 0.02) than
the 38% estimated 6-mo survival rate for patients
reported in the literature. The survival rate for the
literature group at 6 mo is lower than the raw sur

vival rate for this group because some of the sur
viving patients were followed for less than 6 mo.

Patients with mild lung uptake had the best survival
rate ( 86% at 19 mo) . This is significantly better

(p < 0.01 ) than the average survival rate reported
in the literature, but is not significantly better than

the 67% survival rate for moderate and marked lung
uptake combined.

Associated abnormalities of RES function. In

creased lung uptake of TcSC was frequently associ
ated with other abnormalities in the liver and spleen
images; only four patients ( 15% ) had no associated
abnormalities. Seventeen patients (63 % ) had abnor
mal liver images (usually enlargement or nonhomo
geneity, but focal defects in two cases) ; 15 (56%)
had splenomegaly; 22 (8 1% ) had increased radio
tracer concentration in the spleen (including five

without evidence of liver disease clinically or by im
aging) ; and nine (33 % ) had increased radiotracer
concentration in the bone marrow. In the case of
these last nine, the radiotracer concentration in the
chest was always significantly greater than that in
the bone marrow; it never had the linear pattern
of ribs, and it always had the shape of lungs with
decreased radiotracer concentration corresponding
to the mediastinum and heart (Fig. 3).

Analysis of patient subgroups with a chi-squared
test for trend (15) showed a significant relationship
(p < 0.05) between increasing amounts of lung
uptake of TcSC from mild to moderate to marked,
and the incidence of abnormal liver images. With
the traditional chi-squared test, there was no signifi
cant difference between patients with moderate and
markedly increased lung uptake for any of the find
ings. When the moderate and marked groups were
combined, they had a significantly higher incidence
(p < 0.05) of abnormal liver images, increased
bone-marrow radiotracer, and splenomegaly com
pared with patients with mild lung uptake (Table 1).
The 73 % incidence of increased radiotracer concen
tration in the spleen in patients with mild lung uptake

TABLE 2. FOLLOWUP STATUS OF PATIENTS
WITH INCREASED LUNG UPTAKE OF Tc-99m

SULFUR COLLOID AS REPORTED IN THE
LITERATURE

3
7
2
5
4

10
Total

20 9
2 1
2 1
1 0
1 0
1 0
27 11 (41%)

11

16 (59%)
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studies to remain positive for increased lung uptake
of TCSC. In six patients with multiple studies, 13 of
15 studies were positive. The negative studies were
in two patients who each had two of three studies
positive; in one patient the middle study was nega
tive and in the other patient the last study was nega
tive. Four of the six patients who had increased lung
uptake on more than one study had nonprogressive,
relatively asymptomatic, metastatic breast carcinoma.â€”Theaveragetimefromthefirstpositivestudyto
followup in these four patients was 23 mo. The other
two patients had systemic lupus and a viral infection
complicated by thrombocytopenia. All of these pa
tients had mild or moderately increased lung uptake.

DISCUSSION

Increased lung uptake of TcSC is an abnormal
finding that is most often caused by pathophysiologic
changes rather than technical factors. It is often, but
not invariably, associated with other abnormalities
in the biodistribution of TcSC, and indicates the ter

minal stage of disease in some, but not all, patients.
A small amount of lung uptake of TcSC is normal,
but it is usually not sufficient to be apparent in rou
tine liver and spleen imaging (Fig. 1 ). The conclu
sion that increased uptake is abnormal rests on the

findings that the concentration of TcSC in lungs of
large numbers of normal animals is low and varies
over a relatively narrow range (16,17) ; that it is
seen in only a small percentage of patients (3,9);
that it is often associated with other abnormalities
of TcSC distribution; and that in some studies it
has correlated with a very poor prognosis (3).

The significantly better survival rate among the
patients in the present study, compared with those
reported in the literature, may reflect a tendency to

exclude patients with mildly increased lung uptake
in earlier studies (3). In the present study patients
with mildly increased lung uptake apparently had a
better survival rate than those with moderate and
marked lung uptake, but this difference was not
statistically significant. Previous studies have shown
that in progressive diseasesâ€”such as metastatic can
cer and mucopolysaccharidosis type Ilâ€”the degree
of lung uptake tends to increase as the severity of
the disease increases (3,9) . Whereas patients with
marked lung uptake have had a poor prognosis in
most studies (2â€”5,7,10) the patients with metastatic
breast carcinoma in the present study, and the pa
tients with mucopolysaccharidoses reported previ
ously (9), demonstrate that the disease process may
remain stable or progress only slowly over two or
more years in the presence of mild to moderately
increased lung uptake of TCSC.

BA

C

FIG.3. AnteriorandposteriorimagesofTcSCstudiesintwo
patients, A, B, and C, D, demonstrate increased lung uptake in
presence of increased radiotracer concentration in bone marrow,
as determined from posterior image of lumbar spine, is insufficient
to account for amount of radiotracer in chest. Second patient has
ascites causing separation between right lung and liver (C).

was not significantly lower than the combined 92%
incidence in patients with moderate and marked lung
uptake.

Other findings. Liver-function tests were available
in 22 of the 27 patients in our series. They were

abnormal in four of twelve patients (33 % ) with mild
lung uptake; in three of five patients (60% ) with
moderate lung uptake; and in four of five patients
(80% ) with marked lung uptake. This apparent
relationship of an increasing frequency of abnormal
liver-function tests with an increasing amount of
lung uptake was not statistically significant (p =
0.08).

The primary diagnoses were cancer in 12 patients
(eight of these had metastatic breast carcinoma),
collagen-vascular disease in six, Laennec's cirrhosis
in four, infection in three, and hematologic disease
in two. All four patients with cirrhosis had markedly

increased lung uptake, but this may reflect the cx
clusion of cirrhotic patients with mild or moderately
increased lung uptake because the amount of radio
tracer in the ribs made it difficult to ascertain that
lung uptake was present in addition. The distribution
of the other disease categories among the various
degrees of lung uptake did not deviate from the dis
tribution expected by chance. The diagnoses in the
six patients who died were cancer in four, cirrhosis
in one, and cirrhosis complicated by hepatoma in
one.

There was a strong tendency for repeat liver-spleen

D
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The present study confirms the high incidence of
other abnormalities in liver and spleen images in
association with increased lung uptake of TcSC (3)
and indicates a strong tendency for the incidence of
other abnormalities to increase with increasing lung
uptake. The strongest association for all degrees of
increased lung uptake was with increased splenic
uptake of TcSC (83 % ) ; this association has not been
reported previously. Five of the 22 patients with
increased radiotracer concentration in the spleen
had no other evidence of liver disease and, therefore,
this finding may not be due to decreased hepatic

clearance of TcSC or to portal hypertension.
The pathophysiology of increased lung uptake of

TcSC is poorly understood. In general, evidence from
patient and animal studies does not support the hy

pothesis that in-vivo macroaggregation results in the

formation of TcSC microemboli that are trapped in
the lung (1,2,8,17). The evidence does supportâ€”or
at least does not excludeâ€”the possibilities of in
creased phagocytic activity in the pulmonary capil

lary bed (2,18) or adherence of TcSC to altered
endothelium in the pulmonary capillaries (19). The
83 % incidence of increased TcSC in the spleen in
the present study, and the absence of liver disease
in five of the patients with this finding, raise the pos
sibility that the mechanism of increased lung uptake
is associated with an altered immunologic state. In
creased clearance of TcSC by the spleen and mild
splenomegaly have previously been associated with
a stimulated immunologic state (20â€”22). However,
diffuse liver disease and decreased hepatic clearance

of TcSC in the presence of normal liver images, bone
marrow uptake, and liver-function tests cannot be
completely excluded.

The present study supports the concepts that the
incidence of other abnormalities in the liver and
spleen images tends to increase with the degree of
increased lung uptake, and that mild to moderately
increased lung uptake is compatible with several
years of relatively asymptomatic life. However, more
needs to be learned about the factors that determine
the degree of lung uptake of TCSC before this finding
can be used optimally in the interpretation of liver
and spleen images.
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