
practice when AL is suspected to attempt to establish the
diagnosis by the least invasive means possible. At the Mayo
Clinic when a patient is seen with nephrotic syndrome, im
munoelectrophoresis of the serum and urine is done. If an M
component is found in the serum or urine, biopsy ofthe bone
marrow, subcutaneous fat, or rectum will establish the diag
nosis in the majority of patients. Only when one strongly
suspectsAL and lessinvasivestudiesare negativewilla renal
biopsy be performed. The characteristics of these patients are
given in Table 1.All patientsgave written informed consent
prior to gallium injection. Menstruating women all had a
negative pregnancy test. This study was approved by the
Institutional Review Board of Mayo Foundation.

Scanning Technique
Imaging was obtained 48 hr after i.v. injection of 5 mCi of

[67Ga]citrate.Anterior and posterior images (10-mm scan) of
the kidneys and an anterior image ofthe heart were obtained.
Data werestored in 64-wordmode on a computer (MDS A2,
Ann Arbor, MI) for further quantitation. Images were oh
tamed by using a jumbo field of view gamma camera (GE
SOOA, General Electric Company, Milwaukee, WI) with a
medium-energy collimator. Twenty-percent windows were
used for each of the three lower photon energies of gallium.

Image Interpretation
The gallium images were coded from 0 to 4+, with the two

interpreting physicians blind to the diagnosis. If interobserver
disagreements occurred in the interpretation of scans, it was
planned to have a third observer resolve disagreements. In
this study, which included a small number of scans, no disa
greements occurred. Scans from four patients with immune
complex nephropathy, diabetes mellitus, minimal change gb
merubopathy, and light chain deposition disease, all of whom
had nephrotic syndrome and proof by renal biopsy, were
randomly included with the 28 amyloid scans to prevent bias
in interpretation. The images were coded as 0 uptake =
background only; 1+ uptake = minimal uptake just above
background; 2+ = definite uptake but less than the lumbar
vertebrae, renal outlines well defined; 3+ = uptake equal to
the lumbar vertebrae; and 4+ = uptake greater than the
lumbar vertebrae. At our institution, a normal gallium scan
interpreted at 48 hr will show no uptake in the majority of
cases.However,there may occasionallybe 1+ activity,which
is usually bilateral and uniform. Any uptake in excess of 1+
is considered abnormal. Quantitation ofgallium uptake in the

We undertook a study to determine the value of gallium
imagingof the kidneysin patientswho had primaryamy
loidosis that was manifest clinicallyby nephrotic syndrome.
We studied 28 patients with gallium-67 (67Ga)citrate scans
performed 48 hr after injection. Intense (3+ to 4+) uptake
was noted in both kidneys in 25 of 28 patients.Renal
amyloidosis should be considered in the differential diag
nosiswhendiffusebilateralrenaluptakeof [67Ga]citrateis
seen in the setting of nephrotic syndrome. Gallium uptake
did not differentiate amyloid nephrotic syndrome from
other causes of nephrotic syndrome. Renal gallium uptake
showeda weakcorrelationwith 24-hrurineproteinexcre
tion (p = 0.06).
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hree papers have reported a total of 14 patients
with systemic amyloidosis (AL) who had gallium-67
(67Ga)citrate scans performed (1â€”3).These papers sug
gested that gallium imaging has a high sensitivity for
the detection of renal AL. We undertook this study to
assess the relative value of [67Ga]citrate imaging in the
setting of primary renal AL manifest by nephrotic
syndrome.

MATERIALS AND METHODS

PatientSelection
All patients included in this study were referred to the

Mayo Clinic for diagnostic assessment and treatment of their
AL. Scans were performed between October 1987 and March
1989. To be eligible for the study, patients had to have
nephrotic-range proteinuria (>3 g protein/thy) and normal
renal function (creatinine@ I60 @mol/l).The requirement for
normal renal function was to ensure adequacy of renal blood
flow in all scanned patients. All patients had to have biopsy
proof of AL; patients with secondary, familial, and dialysis
related AL were not eligible for participation. It is clinical
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TABLE I
Characteristics of 28 Patients wit

Syndromeh
AmyloidNephroticNo.MedianRangeMales

19Age,
yr6040â€”84Creatinine,

@mol/I10653â€”15924-hr
urine protein loss,g9.63.0â€”34.9Echocardiogram

demonstrat-12ing
amyloidKidney

biopsy positive16Rectal,
fat, or bone marrow11biopsy

positiveLiver
1

extrarenal biopsy patientsâ€”lO of 12 had 3+ or 4+
uptake, a difference which is not significant.

The results ofthe scan are given in Figure 1. Thirteen
of the twenty-eight patients had 4+ uptake (Fig. 2).
Twelve patients had 3+ uptake, and three patients had
1+ or 2+ uptake. Extrarenal uptake was seen in nine
of the patients. Grade 1 cardiac uptake of gallium was
present in six of the patients, four of whom had echo
cardiographic evidence of amyboid. There were eight
additional patients with echocardiographically demon
strated AL who showed no gallium uptake in the myo
cardium. One patient had irregular liver uptake on the
gallium scan who had biopsy-proven hepatic involve
ment with amyboid. One patient had uptake in the
spleen and one, uptake in both breasts with no dem
onstrated abnormality on physical examination. Four
patients with nephrotic-range proteinuria (3.8â€”30.8 g
per 24 hr) not due to AL were scanned; all had a normal
creatinine level (80â€”124smob/l). The uptake in these
four patients was as follows: 1+, one patient with light
chain nephropathy; 2+, two patients with diabetes and
immune complex nephropathy; and 4+, one patient
with minimal-change gbomerubopathy (Fig. 1). Statisti
cal comparisons of the uptake ofgallium and the 24-hr
urine protein excretion showed a weak correlation (p =
0.06, F test). Because the relationship between urinary
protein loss and intensity of gallium uptake is not
necessarily linear, log10 urinary protein loss was com
pared with gallium uptake. The correlation between the
variables was statistically significant (p < 0.05, r = 0.35).
Comparisonof the quantitative gallium uptake counts
with 24-hr urine protein excretion was not significant
(p < 0.10).

DISCUSSION

It has been proposed that the use of [67Gajcitrate
imaging of the kidneys can serve as a marker for both

kidneys with background correction and the ratio of kidney
to liver counts were obtained with a variable region of interest
program. Activity in other organs (heart and liver) also was
graded quantitatively. The intensity of uptake was compared
in those patients with AL and in nonamyloid nephrotic syn
drome patients to determine if the groups could be separated
by uptake intensity. All patients with systemic AL had a two
dimensional echocardiogram performed to determine if car
diac AL existed. The purpose was to assess whether cardiac
amyloid accumulated [67Galcitrate. The level of 24-hr urine
protein excretion was recorded in all patients and correlated
with the intensity ofgallium uptake.

RESULTS

Twenty-eight patients with biopsy-proven systemic
AL and nephrotic syndrome were evaluated in this
prospective study.

On reviewing the 16 renal biopsies in this study, 15
of the patients underwent biopsy at other institutions
and the tissues were reviewed here to establish the
diagnosis. Because these tissues were not subsequently
available, detailed quantitative morphometnc analysis
could not be done to correlate the extent of amyloid
with the gallium uptake. However, qualitative analysis
of amyboid deposits was available, and it established
that there was no relationship between the extent of
amyboid deposits seen by light microscopy and gallium
uptake. There were two patients whose amyboid depos
its were limited to either the afferent arterioles or mes
angium with complete sparing of the glomeruli. There
were three additional patients who had very faint green
birefringence on specimens stained with Congo red but
extensive amyboid fibrils seen on electron microscopy.
In these five patients, all ofwhom had minimal amyboid
deposits seen by light microscopy, the gallium uptake
was 4+ in three ofthe patients and 3+ in the other two.
We also separated the patients into those whose diag
nosis was established by renal biopsy and those whose
amyboid nephrotic syndrome was confirmed by biopsy
of extrarenal tissues. Once again, no difference was
found in the two groups. Ofthe 16renal biopsy patients,
15 had 3+ or 4+ gallium uptake compared to the 12
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FIGURE1
Scattergram demonstrating renal uptake of gallium and 24-hr
urineproteinexcretionfor 32 patientswith nephroticsyn
drome.

293GalliumImaging in Diagnosisof AL â€¢Gertz et al



aid (9,13â€”16). Bilaterally symmetric increased uptake
ofgallium has been reported in patients with advanced
hepatocellular disease who had no evidence of renal
pathology (17,18). Weak gallium uptake (0 to 2+) in
the kidneys also has been reported in patients without
detectable renal disease (19). Lin et al. 10) reviewed
500 67Gascans and found 2+ or greater uptake in the
kidneys in 6%. Amyloidosis was not the cause of the
uptake in these patients. Gallium uptake in the kidneys
would not be useful in screening patients with nephrotic
syndrome to find those who have AL.

We found 67Gauptake in the myocardium of patients
with AL demonstrable by echocardiogram. Although
the majority of patients with myocardial uptake of
gallium did, indeed, have echocardiographic evidence
of AL, only half of the patients with AL by echocardi
ogram showed gallium uptake. We feel myocardial
gallium uptake is not as sensitive a technique as the
echocardiogram for demonstrating myocardial amyboid
deposits. The scintigraphic finding of extrarenal uptake
may prove to be more valuable in recognizing amyboid
than the intensity of renal gallium uptake alone. Al
though less sensitive than echocardiography, extrarenal
uptake can improve the specificity with which extrare
nal amyboid deposits are recognized.

In conclusion, it appears that AL is associated with
intense bilateral diffuse gallium uptake in the kidneys.
It is possible that gallium actually binds to the amyloid
deposits specifically as has been proposed for techne
tium pyrophosphate (20,21). When diffuse bilateral
renal gallium accumulation is seen, the diagnosis of AL
should be entertained. However, we cannot recommend
this test for screening patients with known AL or in
patients with known nephrotic syndrome to assist in
the differential diagnosis and recognition of amyboid as
its cause. Finally, we do not believe that gallium uptake
provides greater information than that obtained with a
24-hr urine total protein measure at a substantially
lower cost.
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