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signs of improvement, the intestinal tube was re
moved on the fourth day, the nasogastnic tube was
removed on the sixth day, and oral feeding was re

sumed progressively. Subsequently, the patient did

well until the 14th hospital day when he had an
other episodeof small-bowel obstruction, which was
again relieved by intestinal decompression for 5 days.
After oral intake was resumed, the patient's medica

tion included notably Mylanta (200 mg Al(OH)3/5
ml) 30 ml 0 1 hr.

X-ray film of the chest, bone scan, SGOT, BUN,
alkaline phosphatase, bilirubin, serum proteins, and
acid phosphatase were normal. The initial liven scan
was performed on the 30th hospital day after injec
tion of 3 mCi of ODmTc..sulfur colloid prepared by
a previously described method (8) . This scan re
vealed moderate uptake of colloid in the lungs with
no discernible radioactivity in the bone marrow,
stomach, or cardiac blood pool.

On the day of the original liven scan, a sample of
the patient's plasma was obtained following the ob
servation of increased lung deposition of the sulfur
colloid. An 0.5-cc aliquot of the plasma was added
to 1 cc of 99mTcsulfur colloid. A white flocculant
precipitate was observed visually and micnoscopi
cally (Fig. I ) . A flocculant precipitate of this na
tune was described as capable of lodging in the
pulmonary circulation (9â€”11 ) . The technetium sul
ful colloid used was found to contain less than 1 ppm
aluminum ion as determined colorimetnically. A
colonimetnic determination for aluminum ion in the
patient's plasma revealed about 35 ppm (normal is
less than 4 ppm) . A sample was not available to
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Moderate lung uptake of stmTc.sulfu,. colloid
was observed in a patient on hourly antacids who
was found to have an elevated plasma aluminum
level. A repeat scan 5 days after discontinuing
antacids when the patient had only a slight in
crease in plasma aluminum level revealed mini
mal uptake in the lungs.

Lung uptake of 9nmTcsulfur colloid, observed by
several groups, has generally been attributed to al

tened RES function or clumping and embolization
(1â€”7). Another cause of this phenomenon is sug
gested by experience with a patient whose lungs were
visualized after the patient received a 99mTc_sulfun
colloid injection for a liver scan. Analysis of this
patient's plasma indicated the presence of elevated
plasma aluminum ion which may have caused forma
tion of macroaggregates in vivo.

CASE REPORT

A 65-year-old white man was admitted to the Vet
erans Administration Hospital in Sepulveda, because
of partial small-bowel obstruction. The patient had

had a partial gastrectomy with Billroth II anastomo
sis 16 years before for ulcer disease and a radical
prostatectomy for carcinoma of the prostate, Stage C,
8 months before. Following the radical prostatec
tomy, the patient had been admitted twice for small
bowel obstruction which resolved with conservative
treatment. The patient had no history of alcoholism
or of liver disease. Except for slight abdominal dis

tension and mild tenderness in the midepigastnium
and around the umbilicus, the physical examination

was normal.

Management consisted of decompression with
nasogastric and intestinal tubes and suction, intra
venous fluids, cephalothin, and gentamicin. After
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were available for the days the scans were performed
to substantiate that there was a displacement of
intra-abdominal organs at the time of the scan in
either Fig. 1 or Fig. 2. A sample of the patient's
plasma was obtained after the repeat scan, and the
test for precipitation of the colloid was run. No pre

cipitate was formed (Fig. 2). A colorimetnic deter
mination for aluminum ion revealed at this time

that aluminum was present in a concentration of 10
ppm (atomic flame-absorption spectrophotometry
indicated a plasma level of 20 ppm).

Five months later lysis of intestinal adhesions and
segmental small-bowel resection were performed be
cause of recurrence of small-bowel obstruction and
the patient died of postoperative complications. Au
topsy revealed no cirrhosis of the liver and no local
recurrence or metastases of the prostatic carcinoma.

FIG. 1. (Top)Abnormalscintigraphwithmarkedlunguptake
of â€˜Â°mTc-sulfurcolloid. 1, Heart pool; 2, lung; 3, spleen; 4, liver.
(Cf. Fig. 2.) Plasma Al@ level at this time was 35 ppm. (Middle)
Microscopic observation (each square 50 tim) of flocculant pre
cipitate formed when 0.5 cc of patient plasma at time of abnormal
scintigraph above was added to 1 cc of @mTc-sulfurcolloid. (Cf.
Fig. 2.) (Bottom) Visual observation of flocculant precipitate which
formed when 0.5 cc of patient plasma at time of abnormal scm
tigraph above was added to 1 cc of mmTc.sulfur colloid as corn
pored with control. (Cf. Fig. 2.)

check by atomic flame-absorption spectrophotom
etry. The colorimetric determination for aluminum
ion was also run on a number of control plasmas and
no abnormal amounts of aluminum were observed

in these control plasmas. None of the control plasmas
exhibited precipitation when added to sulfur colloid
as was observed with the abnormal patient.

Seven days after the first scan when the patient
had no evidence of bowel obstruction and had taken
no antacids for 5 days, the liver scan was repeated
and only minimal lung uptake was observed (Fig.
2). The orientation of the spleen in Fig. 1 is differ
ent from the orientation of the spleen in Fig. 2.
Splenic displacement has been reported by Land
ganten, et al who hypothesized that it may have been
caused by displacement of intra-abdominal organs
( 12 ) . However, in this case, no abdominal films

FIG. 2. (Top)Repeatscintigrophin samepatientas Fig. L
Only minimal lung uptake of Â°Â°mTc.sulfurcolloid is observed
(1, heart pool; 2, lung; 3, spleen; 4, liver). Plasma Al'@level at
this time was 10â€”20ppm. (Middle) microscopic observation when
0.5 cc of plasma was added to 1 cc of sulfur colloid. Note ab
sence of visible particle formation. (Bottom)Visual observation of
absence of particle formation when 0.5 cc of plasma was added to
1 cc of sulfur colloid. Note that precipitate did not form.
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gates could be capable of blocking pulmonary micro
circulation and giving abnormal uptake of o9mTc@
sulfur colloid in the lung. It appears that the 10 ppm
of aluminum in this patient's plasma was barely suf
ficient to cause the lung uptake of sulfur colloid
observed when the patient's aluminum plasma level
was 35 ppm.

Increased RE activity of the lungs may be one
mechanism causing pulmonary uptake of sulfur col
bid. Other mechanisms such as abnormal carrier
protein in the blood may also exist. Our observations
suggest that aluminum absorption from the intestine
may be a factor in pulmonary uptake of sulfur col
bid in some patients.
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DISCUSSION

The following â€œqualitycriteriaâ€•of Keyes, et al
(1 ) were used to evaluate the intrinsic characteris
tics of the colloid : â€œTherehad been at least one other

scan dose done with the same batch of colloid which
did not show lung uptake (control scan) . No more
than one scan from the batch of colloid showed lung
uptakeâ€•.

References have been made previously in the lit

erature to uptake of sulfur colloid in the lungs pni
marily in patients with malignancy and cirrhosis but
also in other patients undergoing liver scans (1â€”7).
One patient with a spleen and bone marrow trans
plant exhibited lung uptake. The increased lung up
take was attributed to increased reticuloendothelial

(RE) activity of the lungs (4) . In a group of 22
patients who exhibited lung uptake from sulfur col
bid preparations out of a total of I ,205 patients
reviewed (an incidence of 1.6% ) , increased activity
of RES elements in the lung as well as intravascular
clumping with pulmonary microembolization were
considered, but the authors stated : â€œThereis insuf
ficient 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
radiocolloidâ€• ( 1 ) . Gillespie, et al suggested the pos
sibility of the presence of aluminum ion but ruled
it out because of â€œanoutstanding lack of absorption
from the alimentary tractâ€• (2) . No reference was
made in any of the cases as to whether the patient's
bloodwascheckedfor thepresenceof aluminumion.

It is generally believed that aluminum is essentially
not absorbed from the alimentary tract and is pres
ent in blood in a concentration below 4 ppm by
colonimetnic determination (13,14) . However, alu
minum intoxication has been demonstrated in uremic
and nonunemic rats after modest doses of oral alu
minum (15). Plasmaâ€”aluminum levels were found
to be raised in one out of every three people with
advanced renal failure taking aluminum hydroxide
(16) . Plasmaâ€”aluminum levels reached as high as
110 ppm. In normal man absorbed aluminum is
readily excreted by the intact kidney and the amount
absorbed from the intestine is unknown. It was de
termined that aluminum was indeed present in this
patient's blood in a concentration of about 35 ppm
on the day of the abnormal scintigraph. This would

suggest that some factors intrinsic to this patient,
possibly related to the transient bowel obstruction,
caused aluminum ion to be adsorbed and present in
the blood in a high enough concentration to cause
macroaggregates to form in vivo. Such macroaggre
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