
A marked increase in lung accumulation of
activity was visualized on routine liver scanning

in a group of 22 patients selected to eliminate
cofloid variations, bone marrow uptake, and
blood pool activity as contributing factors. The

only common findings in the group were the
presence of some type of liver disease and a
poor prognosis. Clinical and laboratory evi
dence point to either an alteration in the pattern

of RES activity or rapid in vivo clumping and
secondary pulmonary mkroembolization. The

present study was inadequate to rule out either
of these possibilities. The findings support the
concept of significant alterations in the physi
ology of intravascular colloids in certain severe
illnesses and suggest that the liver scan may
have a role in the evaluation of such illnesses.

The infrequent occurrence of marked lung uptake
of oomTc@su1furcolloid during routine liver imaging
in our clinical laboratory in addition to casual reports
that others were experiencing a similar phenomenon
led us to investigate the etiology and significance of
this dramatic finding (Fig. 1). Although it is easy to
attribute the occurrence of lung uptake to poor col
bid preparation (1 ), clinical and laboratory obser
vations strongly suggested that factors intrinsic to the
patient might be in part responsible for this finding.
This paper relates these observations and discusses
their possible etiology and significance.

METHODS

All liver scans performed at the University of
Michigan Medical Center between January 1, 1969
and September 30, 1971 were reviewed by two of
the authors (GAW and JWK) for significant lung
uptake by the following â€œuptakecriteriaâ€•(Fig. 1):

1. There was sufficient lung activity to make the
demarcation between liver and lung unclear.

2. The heart was clearly outlined as a cold area.

3. There was no evidence of technetium in the
stomach.

4. There was minimal or no bone marrow uptake
as evidenced by no visualization of the sternum
anteriorly or the spine posteriorly.

Criteria 2 and 3 were to rule out any contribution
to apparent lung activity from free technetium or
unphagocytized particulate activity in the blood. Cii
terion 4 was to eliminate the possibility of marrow
uptake in the ribs contributing to the impression of
lung uptake.

All scans in this series were done with @@mTc@sulfur
colloid prepared by the following rn-house method.
Technetium in a volume of 6.5 ml of saline was
mixed with 1 ml of 1 N HG and 0.5 ml of 0.8%
sodium thiosulfate solution and shaken in boiling
water for 5 mm. One and five-tenths milliliters of a
phosphate buffer was then added, the suspension
cooled on ice, and 2.0 ml of 25% sorbitol added for
stabilization. Pertechnetate derived from a generator
was passed through an ion exchange column to elimi
nate aluminum contamination before colloid prep
aration. More recently technetium derived from a
liquid-liquid extraction system has been used which
eliminates the need for this step.

A knowledge of the exact particle size distribution
would be of great importance in evaluating the eti
ology of lung uptake. Although this is not accurately
known for our preparation, it was felt that factors
intrinsic to the colloid, such as large particules, could
be effectively ruled out by other means.

A set of â€œqualitycriteriaâ€•was established to evalu
ate the intrinsic characteristics of the colloid used in
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each patient whose scan fulfilled the â€œuptakecri
teriaâ€•.

For each scan meeting the â€œuptakecriteriaâ€•it was
determined that:

1. There had been at least one other scan done
with the same batch of colloid which did not
show lung uptake (a â€œcontrolâ€•scan).

2. No more than one scan from any batch of cot
bid showed lung uptake.

All scans which did not also fulfill the â€œquality
criteriaâ€•were eliminated from further consideration.
The second â€œqualitycriterionâ€•may have led to the
elimination of a few scans when a â€œcontrolâ€•scan was

available. This is not known as such cases were not
screened for â€œcontrolâ€•scans. This criterion was in
cluded because the occurrence of significant lung
uptake by our criteria was so unusual that the find
ing of two patients demonstrating the phenomenon
on the same day was taken as prima facie evidence
of poor colloid.

In addition to the â€œqualitycriteriaâ€•,all scans were
eliminated which had not been begun within 5 hr
of the preparation of the colloid which is the mini
mum useful shelf-life of our colloid preparation. The
time of colloid preparation and patient injection were
determined from laboratory records. In cases where
the time interval was uncertain, this scan was also
eliminated.

Scans were performed using 2 mCi of the colloid
preparation. Most studies were performed on a dual
head, 5-in. scanner although some were done with
an Anger camera. All rectilinear scans included four
views comprising anterior, posterior, right, and left
laterals. Camera studies generally included six views,
the extra views being necessary to include the left
portion of the liver and the spleen in the anterior
and posterior views.

RESULTS

. A total of 1 ,499 scans obtained on 1 ,205 patients

were reviewed. Fifty-five patients had scans which
met the â€œuptakecriteriaâ€•but 33 were eliminated
because they failed to meet the â€œqualitycriteriaâ€•.
Twenty-fourscansperformedon22patientsmetall
criteria giving an incidence of 1.6% . Three addi
tional scans on these patients did not show lung
uptake. Table 1 summarizes the clinical findings as
sociated with the acceptable cases. Ages ranged
from 2 to 77 with a mean age of 41 years. There are
14 men and 8 women in the group.

The column headed â€œDiagnosisâ€•lists the major
diseases of each patient at the time of the scan.
The commonest is some form of malignancy, diag
nosed in 11 patients. Cirrhosis was present in four
patients and intra-abdominal abscess in three. One
patient (JB) with a left hilar mass showed no change
after 6 months, and no definite diagnosis was estab
lished. Two patients had anemia. This was due to
myeloflbrosis in one but remained obscure in the
second after extensive studies over several years.

Eighteen patients showed evidence of liver abnor
mality by tissue examination and/or laboratory stud
ies. Even massive lung accumulation of activity did
not obscure changes in liver uptake and all but one
patient had a liver scan which showed an abnor
mality in addition to the lung uptake. This included
the four patients without other evidence of liver dis
ease. Scan abnormalities included definite areas of
decreased uptake in ten patients, hepatomegaly in
six patients, splenomegaly in seven patients, and
patchy uptake in six. The spleen showed more ac
tivity than liver in the posterior view in six patients
and less in two (2) . Multiple abnormalities were
present in several patients.

Five patients had two scans done during the course
of their illness. In one, increased lung uptake was
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EvidenceofliverCurrent
statusPatient

Age Sex Diagnosis diseaseof patientj

LUNG UPTAKE OF COLLOID

TABLE 1. SUMMARY OF CLINICAL FINDINGS

M Adenocarcinomaof colonwith metastasis
M Left hilar mass
F Cirrhosisof liver
M Adenocarcinomaof ampulla of Vater, d.abetes mellitus
F Cirrhosisof the liver
F Carcinomaof breastwith metastasis
M Lymphoma,IV.B
F Multiple hepatic abscesses,subphrenicabscess,hepatic

coma,Ca of bile duct, diabetes mellitus
M Hemophilia A, Subcapsularhematomaof liver
M Cirrhosisof liver
M Acute stemcell leukemia
M Anemia, etiology undetermined
M Embryonalcell sarcomawith hepatic metastasis
F Chronicpurulent inflammationof the gallbladder, multiple

liver abscesses
F Crohn'sDisease,malnutrition,abscessright lower abdomen
M Membranousglomerulonephritis
M Exfoliative dermatitiswith lymphomaor leukemia
M Metastaticneuroblastoma
F Virilizing adrenal corticalcarcinoma
M Adenocarcinomaof colon
M Myeloflbrosis
F Biliary cirrhosis

Yes Death 21,4mo.
No Alive 6 months
Yes Alive 3 months
Yes Death 1 week
Yes Death 3 weeks
Yes Death 21,4mo.
Yes Death 1 month

Yes Death 2 weeks
Yes Unknown
Yes Death 2 weeks
Yes Death 2 days
Yes Unknown
Yes Death 3'h mo.

EK 51
is so
JE 41
SR 57
CF 56
AH 40
Ri 40
FH 41

BR 3
EO 57
SB$ 17
NP 55
RW 12
CMII 17

KM$ 18
RB 31
Vw$ 56
SH 2
MS 55
RO 77
DC 66
NC 61

* Other than scan.

Yes Alive 1 year
No Alive 3 months
No Alive 6 months
Yes Death 2'h mo.
Yes Death 2 months
Yes Alive 3 months
No Alive 6 months
Yes Alive 4 months
Yes Alive 4 months

t Timemeasuredfromdateofscan.
t Thesepatientsshowedincreasinglunguptakeon sequentialscansassociatedwithworseningof the clinicalpicture.
IIThispatientshoweddecreasedlunguptakeonsequentialscansassociatedwithclinicalimprovement.

present on both studies. In the others, there was an
apparent tendency for pulmonary accumulation to
parallel the severity of the underlying illness. Three
patients showed a change from no lung uptake to
definite lung uptake in relatively short periods of
time. In each case the appearance of lung uptake
was associated with worsening of the patient's clinical
condition (Fig. 2) . One patient who eventually re
covered showed a decrease in the amount of lung
accumulation with the passage of time. A most

striking finding was the high mortality rate of those
patients included in the study. Eleven of the 22 pa
tients died within 3Â½ months and 10 within 2Â½
months after scanning.

DISCUSSION

Significant localization of oamTc@sulfurcolloid
within the lung may have diverse causes. Available
biologic distribution data suggest that 1â€”2%of an
administered dose will appear in the lungs (3,4).
This figure depends upon the colloid formulation
used and in our personal experience certain prepa
rations, notably some commercial kits, show lung
accumulation regularly although it is generally quite
faint. These variations in lung uptake are presum

ably due to physical and/or chemical variations in
individual colloids although accurate characteriza
tions of individual colloid formulations are not avail
able.

The lack of adequate data to characterize colloid
led us to select a set of â€œqualitycriteriaâ€• to evaluate
the in vivo performance of our colloid preparation
on an individual batch basis. Qualitative variations
in any individual batch of colloid which would lead
to lung accumulation should cause increased lung
uptake in all patients receiving colloid from that
batch. Thus all patients studied with colloid from the
same batch form a set of â€œcontrolsâ€•for that batch.
If lung uptake is seen only in one patient out of
several receiving colloid from the same preparation,
it would suggest that some factor, or factors, within

the patient is responsible.
The use of batch â€œcontrolsâ€•in this way has the

advantage that the colloid does not need to be com
pletely characterized to draw meaningful conclusions
about its quality and behavior within the body. It
also means that once a norm for lung uptake has
been established in an individual laboratory, the
significance of variations from this norm can be
evaluated independently of exact characterization of
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FIG.2. Progressivelyincreasingup
take of colloid by lung associated with
clinical deterioration in 56-year-old male
with lymphoma (Case VW).v.w. 4-15-71 v.w. 4-30-71

the coiloid used. Thus other investigators should be
able to evaluate our findings in terms of their own
individual experience.

In the group of patients evaluated in this study,
it appearsthat therehasbeena major alterationin
the physiologic pattern of intravascular foreign cot
bid clearance. Clarification of the nature of this
alteration may offer considerable insight into the
physiology of severe or terminal illness.

Increased uptake within the lung could be due to
enhanced phagocytic activity by RES cells in the
lung. Increased RES phagocytic activity has been
demonstrated in patients with both neoplasia and in
fection (6â€”8) which would include most of our pa
tients. One of us (JDO) has demonstrated that in
rats, the prior injection of a known RES stimulator,
endotoxin, causes a twenty-fold increase in the depo
sition of technetium-sulfur colloid in the lungs rela
tive to liver. Bone marrow deposition is also en
hanced. This deposition was demonstrated to be
intracellular by radioautography (9).

The fact that lung uptake did not obscure changes
within the liver is consistent with the hypothesis that
the phenomenon is due to a regional variation in
RES response rather than to a basic change in the in
vivo handling of the colloid. If the changed pattern
of colloid deposition were due to a mechanism other
than RE,S uptake, an altered pattern of liver deposi
tion (e.g., no significant liver accumulation) might
be anticipated.

Why enhanced RES activity should be manifest
as increased relative lung uptake is not clear. Per
haps the fact that the lungs represent the first site
of RES activity encountered following intravenous
injection of the colloid is responsible for this appar
ent nonuniform enhancement.

Variations in the white blood cell phagocytic ac
tivity might be anticipated in association with en
hanced RES activity. Harper, et al (5) have reported
an increased concentration of radioactivity in the
buffy coat following the injection of OomTc@sulfur

colloid into a patient with extensive liver destruction.
White blood cell counts in our patients showed no
consistent pattern, but we did not test for functional
changes.

The mechanism of RES enhancement in neoplas
tic disease is unclear. It may be due to qualitative
or quantitative variations in the family of proteins
known as opsonins (8). This is a tempting explana
tion in our cases because of the common associa
tion of alterations in plasma proteins with liver
disease. Fifteen of our patients had serum protein
electrophoresis determinations. No consistent pattern
of variation was evident and several patients had
entirely normal patterns. As electrophoresis is rela
tively insensitive to small variations in protein sub
groups, this possibility still appears plausible.

There is also evidence to suggest that lung uptake
may be due to the rapid intravascular clumping of
the injected colloid particles with subsequent en
trapment in the pulmonary capillary bed. Fischer
(10,11 ) has noted that in mice injected with a
gelatin-stabilized colloidal suspension of stannic
oxide, deposition is normally in the liver and spleen
just as with aOmTc@sulfurcolloid. If the animal is pre
treated with heparin, the predominant site of uptake
becomes the lung. As heparin is also an RES stimu
lator (8,12), this lung uptake might also be assumed
to be due to enhanced phagocytic activity in the
lungs. These animals, however, become sick and
die quickly suggesting the development of multiple
pulmonary microemboli. Fischer (12) also discusses
the intravascular clumping which can occur follow
ing the injection of â€œunprotectedâ€•particles. Fischer's
work did not document the actual site of deposition
of particles in the lung, and the development of
intravascular clumps with subsequent microembo
lism is only presumptive. It is noteworthy that 4 of
the 22 patients in our present series were receiving
heparin.

There is other indirect evidence against a varia
tion in RES activity being the sole cause of increased
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lung accumulation. It is quite common for patients
with advanced liver disease, particularly cirrhosis,
to manifest markedly increased bone marrow up
take. This phenomenon of increased relative phago
cytic activity could be considered analogous to the
enhancement seen with RES stimulators such as
endotoxin. If this were so, enhanced marrow uptake
should be associated with increased lung uptake in
most patients with impaired hepatic phagocytosis.
We have not found this to be true in our laboratory,
and the elimination of the â€œuptakecriterionâ€•regard
ing bone marrow uptake would not have markedly
increased the number of patients in the present
series.

Also if enhanced lung uptake were due to gen
eralized RES stimulation, it should be associated

with increased bone marrow uptake relative to liver
in accordance with Quinones' findings in mice follow
ing endotoxin (9). As the present series specifically
excluded patients with bone marrow uptake, this
would argue against generalized, increased RES ac
tivity in this group of patients.

There is insufficient evidence at the present time
to determine the role of either altered RES function
or clumping and embolization in the etiology of
lung accumulation of radiocolloid. In view of the
apparent correlation of this scintigraphic finding with
both the severity and the course of the patient's ill
ness, this phenomenon appears to represent an alter
ation in colloid physiology due to the presence of
disease. Further investigation may lead to new in
sight into the physiologic changes associated with
terminal illness and offer new applications of liver
scanning to the evaluation of the seriously ill.

Our findings do indicate the occurrence of some
type of liver disease in all patients in this series. In
this respect the appearance of lung uptake can be
considered an indicator of liver disease, albeit a

highly nonspecific one, if colloid variations can be
ruled out.
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