
at 18,800 cells/gil, total iron (Fe) was 17 @g/&(normal 86â€”180
@g/dl),TIBC was 128 @tg/di(normal 280â€”400@g/dl),transferrin

concentration was 116 mg/dl(normal 240â€”355mg/dl), hemoglo
bin was 12.6 and hematocrit was 38.

Head CT demonstrated an old CVA but not a new one.
Lumbar puncture and abdominal ultrasound were negative.He
developed atrial fibrillation and episodic hypotension which re
sponded to medications. Gram-negativerods were cultured from
his sputum. He was placedon antibiotic therapy but his clinical
course did not improve. On Day 5 after admission, because his
hematocrit was drifting downward, he was transfused with 1 unit
of packed red cells.

A radiogalliumstudywas orderedon Day 7 to searchfor occult
sites of infection. After intravenous administration of 6.14 mCi
(227 MBq) of 67Ga-citrate, imaging was performed at 48 hr. The
most revealing image (Fig. lA) was an anterior view which
demonstrated reduced hepatic uptake of radiogallium with in
creasedconcentrationin the lungs,pericardialareaand alongthe
diaphragm. Because the patient's hematocrit remained low, the
values for Fe and TIBC were again determined and despite the
transfusion remained low, 19 and 48 @ig/dl,respectively.

Antibiotic therapy was continued, but the patient did not
improve and died on Day 12 from cardiopulmonary arrest.
Autopsy indicated severe coronary atherosclerosiswith a recent
thrombus in the LAD and an extensive acute myocardial infarct.
There was fibrous pericarditiswith flbnnous fluid and a perfo
rated duodenal ulcer with 1000 ml of hemorrhagic fluid in the
peritoneal cavity. Pulmonry edema with bilateral pulmonary
effusion was also evident.

DISCUSSION

To correlate the role of TF in 67Ga localization with
scintigrams and actual tissue concentration, it is necessary
to determine the percentage ofthe main nonprotein bound
67Ga species, the radiogallate [67Ga(OH)4], in the blood
as a function of TF saturation. This percentage can be
estimated from a set of equations that describe this equi
librium system:

T0,, ac@[Ga] + [Ga*TF] + 2[Ga2*TF] Eq. 1

T1-@= [Tfl + [GasTF] + [Ga2sTF]

K@= [Ga*TF]/[Ga][TF],

A patientwith reducedtransferrinconcentrationhad a 67Ga
scintigram that showed uptake in a paritoneal abscess, pan
carditisandplauraleffusionbutonlyfaintliveruptake.Gallium
67 activity was measured in liver, lung, muscle and plasma
samples obtained at autopsy. The percent injected dose/kg
for liver and plasma sampleswas considerablylower than
previously reported while that in muscle and lung tissues
valueswere comparableto priordata. In thispatient,siteson
transfernn available to bind 67Ga were reduced from the
normal 40 MM to 5.2 ;AM;this in turn increased the concantra
tionof radiogallatafrom 1% to 7%. Thiselevatedfree activity
increased 61Ga excretion and reduced the amount of
Â°7Ga*transfamnspecies.Theseresultsandthoseof previous
studies suggest that liver uptake is slower than abscess
uptake and more sensitive to concentration of
67Gastransfarrmn.Iron status is an important facet of the
interpretationof 67Gascintigrams.

J NucIMed1992;33:1701â€”1703

he role of transferrin (TF) in 67Ga localization in an
abscess or normal tissues is somewhat controversial (1â€”5).
Results in the few patients that have been reported so far
have implied an important role for TF in the distribution
of67Ga (6). Liver uptake of67Ga was substantially reduced
and body excretion was increased following transfusions
which saturated the TF with iron and reduced the number
of iron binding sites on TF. We report a case where the
available TF concentration had been reduced; several tis
sue specimens were obtained in order to quantify distri
bution of 67Ga and its relationship to TF.

CASE REPORT

A 77-yr-old diabetic male with a history of congestive heart
failure and a stroke with left hemiparesis was admitted because
of progressive confusion. Chest x-ray showed no acute infiltrate
and no pulmonary edema. His white blood cell count was elevated
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For rep.lnts contact: Ronald E. Weiner. PhD, Department of Nuclear Medi

cine.MC2935.Lk@iversityofConnecticutHealthCenter,263FarmingtonAve.,
Farmington, CT 06030.

Eq.2

Eq.3

where T@= total analytical concentration of 67Ga or TF,
aoa pH-dependent function which accounts for the
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TABLEITissue
Concentration of 67Gain a Patient Who DiedFiveDays

After IntravenousAdministrationMean
Nelsonet al.@

Tissue* @zCi/kg,@Ci/kg %lD/kg* %ID/kg Range

tract in the first 24 hr and the kidneys are only faintly
visualized at 48 hr (9,10).

Both values for liver uptake and plasma binding are
close to the low end of each data range from previous
autopsy data (9) and represent about a 4â€”5-folddiminu
tion from the mean values (Table 1). This decline is in the
same range as might be expected from the increase in free
67Ga and confirms what is seen on the scintigrams. In
contrast, the %ID/kg for muscle and lung are comparable
to older data. Therefore, muscle and lung tissue uptake in
this patient might be considered normal. The appearance
of increased lung activity is probably due to pleural effu
sion and not augmented tissue uptake.

This analysis implies that in patients liver uptake is
more sensitive to the available concentration of 67Ga*TF
than uptake by inflammatory processes. In a rat abscess
model (3), uptake for liver tissue and the abscess appeared
equally sensitive since the %ID/g of 67Gawas reduced in
both with the saturation of TF with iron. In patients,
abscess uptake may be a more rapid process in comparison
to liver incorporation and this could mean that both
67GasTF and free 67Gacan easily pass through an abscess
wall or disrupted endothelial barrier and bind to sidero
phores or lactoferrin present at the site. In contrast, the
liver may depend on partially catabolized TF for its slower
uptake (1,11). In addition, the medications (dopamine
and norepinephrine) used to maintain blood pressure in
this patient could slow liver uptake by decreasing mesen
teric blood flow. Propranolol, which also causes peripheral
vasoconstriction, does reduce 67Gauptake in the liver but
not in muscle tissue in mice (12).

Whether TF site concentration influences inflammatory
lesion detection is unsettled. In this patient and in the two
previously reported (6), large abscesses were easily identi
fled. However, in Case 3, cited above, with the greatest

FIGURE1. (A) Anteriorview(top)of the lowerchestand
abdomenat 48 hr after radiogalliumadministration.The sternum
canbe seeninthemidline,withintenseactivityaroundtheheart
and along the diaphragm.(B) Posterior view (bottom) of lower
abdomenat 24 hr. The spine and sacro-iliacjoint are identified
withtheliverbarelyvisible.

various Ga hydrolysis species, [Gal = concentration of
unchelated and unhydrolyzed 67Ga, [TF] = concentration
of uncomplexed TF, [Ga*TF] and [Ga2sTF] = concentra
tion of 67Ga bound to one and to both sites on TF,
respectively, and log K@= conditional affinity constant for
binding of67Ga to one site on TF. Since the concentration
of 67Ga is at least 1000-fold lower than TF concentration,
the [Ga2*TF] terms can be neglected and T@@ [Tfl. The
equations are solved for aoa[Ga], which at pH 7.4
[67Ga(OH)4, aoa 1.02 X 10D and log K@= 19.7 (7).
The final expression for the percentage of gallate is:

aoa[Ga]/Toa aGJ@TFTFKi + aGa} X 100. Eq. 4

Reduction of the concentration of available 67Ga sites
on TF from the normal value of 40 to 5.2 @M(29 @g/dl)
in this patient on the day ofthe 67Gastudy would increase
the radiogallate concentration @7-fold,from 1% to 7% of
the total blood activity. While the values ofac@ and K@are
subject to some error, Â±10%(7,8), this would change only
slightly the absolute percent of gallate. These estimates
suggest that while a majority of blood 67Gais usually TF
bound, in this patient the increase in free 67Gawould allow
a concomitant increase in the 67Ga excreted over time.
The free activity would readjust to the equilibrium value
after each passage through the kidney. Much less activity
would then be available to be distributed internally.

Both scintigrams and the concentration of free TF sites
have been reported in two other cases (6). In Case 1, the
available TF concentration was 2 @M,which would yield
a 17-fold (17% free) increase in gallate concentration. In
Case 3, the increase could be 29-fold (29% free). Even
though both the Fe and TIBC values were identical, given
experimental error, the TF site concentration could be as
much as 1 @M.This analysis is consonant with the scinti
grams which both show marked increase in bladder and
kidney activity. In comparison, the kidneys of our patient
were barely visible at 24 hr (Fig. lB), which suggests a
much lower amount of free activity. Normally only 8%â€”
12% of injected activity is excreted through the urinary

Uver(1)18.3(2)16.717.70.722.8(0.6â€”5.2)(3)18.1Muscle(arm)7.57.50.310.2(0.03â€”1.1)Lung(1)

(2)42.845.444.11
.791.3(0.3â€”3.0)Plasma1

.41 .40.0570.3(0.02â€”1.8)

* Radioactivity in tissue samples measured immediately after au

topsyfromnoninfectedareasandinjecteddosewasdecay-corrected
to time of autopsy.

t Mean values and range for tissues from autopsy data of Nelson
et al. (9).

*Normalizedto a body weight of 70 kg. Patient's weight = 81.8
kg.
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amountof free67Ga(â€”.-29%),Hodgkin'sdiseaseinvolving
lymph nodes and a small renal abscess went undetected.
It appears from this limited number ofpatients that as the
number of available TF sites is reduced the egress of 67Ga
from the body is increased. Therefore, only small abscesses,
near the detection limit of 1â€”2cm, might be affected and
then only when the increase in free 67Ga is very high
(@â€”29%).In 67Ga scan interpretation, it seems prudent to
consider the iron status of patients as an important factor
until a study in a larger number of patients can provide
more definitive information.
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