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and to Dr. W. C. Marshall who performed all the earlier liver
biopsies. Dr. J. G. Domenet of Geigy Pharmaceuticals and Dr.
D. M. Burley of CIBA generously provided diethylenetriamnine
penta-acetate and desferrioxamine respectively.
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Fine-needle Aspiration Biopsy of Spleen in Diagnosis of
Generalized Amyloidosis
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Summary

Fine-needle aspiration biopsy of the spleen was performed on
18 patients shown to have amyloid deposits in other organs
apmd on 17 control patients being investigated for proteinuria.
Of the 18 patients with amyloid disease smears of splenic
aspirate were positive in all cases, renal biopsy was positive
in 16 out of 16 cases, and rectal biopsy was positive in seven
out of 11 cases. None of the splenic smears were positive in
the 17 control patients and no amyloid was found in the kid-
ney in 15 of these patients on whom renal biopsy was per-
formed. Splenic aspirate biopsy seems to be a simple and safe
procedure for the diagnosis of amyloidosis. It is as accurate as
renal biopsy and more accurate than rectal biopsy.
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Introduction
Generalized amyloidosis is most ofiten diagnosed by percutane-
ous biopsy of ithe kidney or biopsy of ithe rectal mucosa. There
is a need, however, for safer but equally reliable procedures
which are easy to perform on large groups of patients. This
paper reports the results of diagnosis by fine-needle aspira-
tion biopsy of the spleen.

Patients and Methods

Fine-needle aspiration biopsy of the spleen was performed in
35 patients. Eighteen had been or were later shown to have
amyloidosis by biopsy of the kidney, rectum, or other organ
(stable I). The remaining 17 patients (7 women, 10 men), who
served as controls were in hospital for the investi-
gation of proteinuria (table II). A kidney biopsy was per-
formed witiin one year in all but five of the patients in the
amyloidosis group. The spleen was aspirated by means of a
disposable 0 8 x 80 mm needle on a disposable 20-ml syringe
with Luer adaptor. The spleen was located by percussion and
the needle was usually inserted into the tenth intercostal space
about 3-5 cm dorsally to the mid-axillary line. To avoid dam-

TABLE i-Clinical Data and Biopsy Findings in 18 Patients with Generalized Amyloidosis. Median Age 42-5 Years

Case Age Amyloid Present in: Amyloid in Aspirate
No. Sex (Years) Diagnosis from Spleen Timing of Biopsies

Kidney Rectum Other Sites Amount Localization

1 F. 65 Rheumatoid arthritis + Gingiva +, liver +, +++ Diffuse
jejunum +

2 M. 37 Ankylosing spondylitis + + Gingiva -, + + Diffuse
jejunum + Within a three-year period

3 M. 35 + Skin - + + Perivascular
4 M. 43 + + + + Diffuse
5 M. 50 Hereditary amyloidosis + Skin +, liver +, + + Diffuse

with corneal dystrophy gastric mucosa +
6 M. 52 Rheumatoid arthritis + + + + + Diffuse
7 M. 34 ,, ,, + + + + Diffuse
8 M. 40 + + Perivascular
9 M. 28 + + + + Diffuse Within a one-year period
10 M. 57 Tuberculous osteitis + _ + Diffuse ?
11 F. 52 Hereditary amyloidosis + _ + Diffuse

with corneal dystrophy
12 M. 46 Rheumatoid arthritis + + + Perivascular ?
13 F. 17 Juvenile rheumatoid + + + Diffuse

arthritis
14 M. 36 Ankylosing spondylitis + - Jejunum - + + Diffuse
15 F. 66 Bronchiectasiae + + + + Diffuse During the same period in
16 M. 54 ,, + + + Diffuse hospital
17 F. 42 Skin tuberculosis f (1) - * x + + + + Diffuse

t (2) + t J
18 F. 38 Unknown + + + + Perivascular

Medulla.
+Cortex.
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TABLE II-Diagosis in Cotrol Group of Patients (7 Women and 10 Men)
Presenting with Proteinuria

No. of
Patients*

Symptoms and signs:
Proteinuria .17
Nephrotic syndrome. 3
Chronic renal failure. 4

Diagnosis:
Rheumatoid arthritis. 4
Primary macroglobinaemia .1
Chronic glomerulonephritis. 6
Chronic nephropathy (unclassified). 2
Polycythaemia vera.1
Pulmonary tuberculosis
Lipoid nephrosis 2

*Median age 44 years; range 18-86 years.

age to the spleen, the patients were asked to catch their breath
in mid-expiration. Local anaesthesia was unnecessary.
The tissue smears were stained with Congo red (Puchder

et al., 1962) and positive standard slides were included in each
batch as a control of the -staining technique. Red staining
changing to deep green in polarized light was considered a
positive Sign of amyloidosis. All the smears were pooled,
coded, and looked at randomly by me and by a technician
-vith only limited previous expeience in histecal tech-
niques. We achieved oomplete agreement in interpretation.

Results

All splenic aspirates obtained from the 18 patients in the
amyloidosi,s group conotained a substance that stained with
Congo red and gave the green colour specific to amyloid in
polarized light (figs. 1 and 2). This deep green birefringence
is impressive and is easily distinguishable from all other col-
our changes in polarized light. In smears from some of the
patients several tissue fragments consisted of positively-
s,taig noncellular substance sunrounded by mononuclear
cells. In others only isolated pieces of noncellular material
were noted, and in such instances the amyloid was clearly
localized to structures representing the vesel wall.

FIG. 1-Above: Fine-needle aspiration biopsy smuear showing amyloid of
spleen. (Congo red. x 160.) Below: Same area in polarized light. Green
birefringence of amyloid shown in perivascular distribution.

FIG. 2-Above: Fine-needle aspiration biopsy smear showing amyloid of
spleen. (Congo red. x 180.) Below: Same area in polarized light. Diffuse
distribution of green birefringent amyloid.

In the smears from the 17 patients in the contro group
areas were noted in which a noncellular substance turned
faintly red when stained wih, the Congo dye but did not
show the green biefringence in polarized light. They were
therefore regarded as negative. Four patients in the
amyloidosis group have since died (cases 1, 7, 9, and 15)
and necropsy has confirmed the presence of amyloidosis. No
complications were seen during the study.

Discussion

Biopsy of parenchymal organs and of the rectum is the most
dependable of the established methods of diagnosing general-
ized amyloidosis. Renal biopsy is the most reliable and gives
positive results in 87-100% of cases (Blum and Sohar, 1962;
Kuhlback and Wegelius, 1966; Triger and Joekes, 1973).
Biopsy of the rectal wall has a reported accuracy of 75-97%
(Gafni and Sohar, 1960; Blum and Sohar, 1962), and because
it is easily carried out it has been suggested (Missmahl,
1968) as a way of following the progress of the disease. Pet-
tersson and Wegelius (1972) repor;ted jej,unal biopsy to be
highly reliable. Biopsy of itissue from other sies-for example,
liver and gingiva--have given less satisfactory results (Blum
and Sohar, 1962). Nevertheless, because of the risk and the
inconvenience of percutaneous renal biopsy and of jejunal
suction biopsy and ithe relative inaccuracy of other biopsy
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methods there is a need for a safer, easier, and more reliable
diagnostic procedure.

Fine-needle aspiration biopsy has been shown to be useful
in the diagnosis of various parenchymal and tumourous dis-
orders (S6derstrom, 1966). It is nontraumatic and painless
and can be repeated many times. Complications are virtually
non-existent. Fine-needle aspiration of -the skin has recently
been used in eight patients for the diagnosis of generalized
amyloidosis (Westermark and Stenkvist, 1973). Fine-needle
aspiration has been also used for the diagnosis of tumour-
like amyloidosis of the lung (Dahlgren et al., 1970). In two
cases of medullary carcinoma of the thyroid gland amyloid
was found in smears of fine-needle aspirates (Ljungberg,
1972). Fine-needle aspiration biop.sy of an organ that would
probably contain amyloid in the presence of generalized
amyloidosis thus seemed promising. The spleen was chosen
for the presen-t study because necopsy findings show that the
spleen and kidneys are the most common sites of amyloid
deposits in generalized amyloidosis, fthe spleen being involved
in nearly all of cases (Dahlin, 1949; Briggs, 1961; Kuhlback
and Wegelius, 1966; Triger and Joekes, 1973). Moreover,
necropsy studies of apparently normal elderly people showed
amyloid to -have accumulated in several organs but in no
case had it infiltrated the spleen (Ravid et al., 1967; Cohen
and Wills, 1968; Limas et al., 1973). Other reasons for select-
ing the spleen for ithe present study were the ease wilth which
it can be approached; the diffuse distribution of amyloid
within it, at least in secondary amyloidosis (Dahlin, 1949);
and its consistency, which makes it especialy suitable for
aspiration. Furthermore, the spleen is the first organ to be
affected in experimentally-induced amyloidosis (Letterer,
1968).
The diagnostic reliability of fine-needle aspiration biop.sy of

the spleen may be tested by comparing -the findings with those
of kidney biopsy, since the kidney is the site of amyloid de-
posits in practically all cases of generalized primary or secon-
dary amyloidosis. Nevertheless, absence of amyloid in the
kidney when found in the spleen would not necessarily repre-
sent a false-positive finding in the spleen, since splenic amy-
loidosis may be indicative of a preamyloidotic state. The results
of splenic biopsy may also be compared with those of rectal
biopsy. Since the intervals between biopsy of ,the different
organs in the present study were brief the findings reflected
the aotual state of amyloidosis and provided valid comparisons.

The findings of splenic aspiration biopsy were positive in all
the patients known to have amyloid deposiits in the kidney and
were negative in the 15 patients in which -the kidney findings
were also negative. Moreover, the findings on splenic biopsy
were positive in all pa,tients in whom the rectal biopsy findings
were positive, but in 11 patients with positive splenic findings
the rectal biopsy was also positive in only seven. These results
suggest that fine-needle aspiration biopsy of the spleen is as
reliable as kidney biopsy in the diagnosis of amyloidosis and
more reliable than rectal biopsy.
Fine-needle aspiration of the spleen has the additional ad-

van,tage of being a bedside procedure, easy to perform and
painless. The en,tire procedure, from asparation to reading the
result, can be completed in less than one hour. The Congo
red staining and examination under polarized light make posi-
tive smears easily recognizable. Finally, the procedure is safe
provided it is not practised on patients wi,th a bleeding ten-
dency. Infection is not a contraindication (S,derstrom, 1966).
A total of 947 fine-needle aspiration splenic biopsies were per-
formed by Berg et al. (1973) without a single complication.
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