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Cardiac involvement by sarcoidosis and concomitant deposition of AL amyloid is an uncommon association.
We describe the case of a 53-year-old African-American man with a 7-year history of dilated nonischemic
cardiomyopathy and severe cardiac failure who underwent orthotopic heart transplantation. His prior cardiac
biopsies had only mild myocyte hypertrophy and minimal interstitial fibrosis. After surgery, numerous sarcoid
granulomas and amyloid deposition were identified in the native heart. Six days after the transplant the patient
died due to aspiration bronchopneumonia and acute renal failure. At autopsy, both sarcoidosis and
immunoglobulin (Ig) lambda light-chain amyloidosis were present in the native atria, lungs, thyroid, liver,
spleen, and kidneys. Sarcoid granulomas alone were present in the parathyroids, lymph nodes, and bone
marrow. Amyloid deposition alone was present in the aorta, stomach, large bowel, and urinary bladder. There
was no evidence of plasma cell dyscrasia, or underlying gammopathy. This unusual association was described
in only two other cases in the medical literature. However, this is the first case of sarcoidosis and AL
amyloidosis with successful sequencing and identification of Ig lambda light-chain amyloid, and in which there
was no evidence of plasma cell dyscrasia.
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Sarcoidosis is a multisystem disorder characterized
by an increased cellular immune response at sites of
disease activity. The disease has a higher incidence
in the African-American population and may be
initiated by exposure to yet unknown environmental
agents.1 Cardiac involvement in sarcoidosis is
clinically reported in 1–6% of the patients,2 while
myocardial granulomas have been found in 15–25%
of autopsies.3 The diagnosis of cardiac sarcoidosis
can be definitively made by endomyocardial biopsy.
Although this test can demonstrate the presence of
noncaseating granulomas, it has a low diagnostic
rate due to the patchy distribution of the disease.4

The association of cardiac sarcoidosis and amy-
loidosis is reported in only seven cases in the
English literature of the last 30 years.5 Five case
reports describe the association of cardiac sarcoido-

sis and AA amyloidosis,1 while the remaining two
case reports emphasize the association with AL
amyloidosis. The first of these two last case reports5

suggests that the association between sarcoidosis
and AL amyloidosis was coincidental, due to
coexistence of a multiple myeloma. The second
report6 explains the association as a possible con-
sequence of AL amyloid production by an increased
plasma cell population present in the bone marrow.

We present the first report of cardiac involvement
by sarcoidosis and AL amyloidosis, with identifica-
tion of immunoglobulin lambda class II light-chain
deposition, and no evidence of a concurrent plasma
cell dyscrasia.

Case report

The patient was a 53-year-old African-American
man with a 7-year history of nonischemic dilated
cardiomyopathy, diagnosed in 1995, hypertension,
hypercholesterolemia, and osteoarthritis. A first
cardiac biopsy, obtained in October 1995, had mild
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myocardial hypertrophy and minimal interstitial
fibrosis. In the same month, an HLA immunophe-
notyping showed positivity for several HLA class I
and II antigens: A28, B42, B53, Cw2, Cw4, Bw4,
Bw6, DR11, DR18, DQ1, DQ4, and DR52. During the
next 4 years, the patient developed chronic heart
failure, third-degree atrio - ventricular block, and
several episodes of ventricular fibrillation for which
in March 1999 he received an automatic implantable
cardioverter defibrillator. This was replaced in
January 2001 with a left ventricle assist device.
The left ventricle core biopsy obtained during the
placement of the left ventricle assist device also had
only myocyte hypertrophy and minimal interstitial
fibrosis. During the following year, the patient had
multiple drive line infections, increased left and
right ventricular pressures, and marked fatigue. In
March 2002, he underwent an orthotopic heart
transplantation. Immediately after surgery, the pa-
tient developed persistent tachycardia, and due to
severe shortness of breath was intubated. His
laboratory tests showed a white blood cell count of
21.7� 109/l, a red blood cell count of 4.11� 1012/l,
hemoglobin 10.3 g/dl, platelets 142� 109/l, serum
urea nitrogen 28mg/dl, and creatinine level of
2.4mg/dl. He underwent dialysis in the next days
after surgery due to progressive increase of serum
urea nitrogen up to 118mg/dl and creatinine levels
up to 7.4mg/dl, associated with high levels of SGOT
16 224 IU/l, SGPT 6251 IU/l, and LDH up 76 416 IU/
l. On postoperative day 6, the patient suffered an
episode of coffee-ground emesis, and an abdominal
X-ray showed dilated small and large bowel. His
blood pressure and cardiac output could not be
stabilized and he died a few hours later. An autopsy,
without examination of the brain, was performed.

Materials and methods

Histology/Immunochemistry

Examination of the native heart, and autopsied
organs was performed. The tissue samples were
fixed in formalin (10%) and embedded in paraffin.
Paraffin sections were routinely stained with hema-
toxylin and eosin. GMS, FITES, PAS, and acid-fast

stains were performed to exclude a possible infec-
tious etiology of the granulomas.

In order to characterize the deposited amyloid,
Congo red staining was performed according to the
method of Puchtler.7 Pretreatment with potassium
permanganate before Congo red staining was also
performed in order to evaluate the resistance of
birefringence to oxidation. This method charac-
terizes AL amyloid deposition if the birefringence
persists, while AA-type amyloid birefringence dis-
appears after oxidation. Fluorescence of the depos-
ited amyloid was also studied with Thioflavine T
dye method, less specific for amyloid detection than
Congo red.

Cocktails of oligonucleotide probes labeled with
fluorescein were used to detect cytoplasmic immu-
noglobulins lambda and kappa (Ventana, INFORM,
Catalog # 780-2843 and 780-2844) for examination of
the bone marrow.

Immunohistochemistry for AA (Novocastra, UK),
transthyrethin (TTR) (DAKO, Denmark), and cyto-
plasmic kappa and lambda immunoglobulins light
chains was performed on paraffin-embedded sec-
tions. Amyloid fibrils were isolated from paraffin-
embedded tissue from the native heart, solubilized
in 6M guanidine, reduced and alkylated, and
digested with trypsin.

Tryptic peptides were separated by high-perfor-
mance liquid chromatography, and sequenced in an
ABI 773A (491 abc) protein sequencer (Table 1).

Electron microscopy studies of amyloid deposi-
tion were performed on tissues obtained from a
paraffin-embedded section of the native heart.

Results

Multiple sections of the native heart contained small
well-demarcated noncaseating single or clustered
granulomas, in both ventricles, especially in their
basal regions, and also in the upper region of the
interventricular septum. Granulomas were present
within the epicardium, myocardium (Figure 1),
endocardium, and in a crescentic distribution in
the adventitia of intramural and epicardial coronary
arteries. The mitral valve had extensive fibrosis and

Table 1 Tryptic peptides isolated from cardiac amyloid fibrils

Lamda-light chain (residue #) Amino-acid sequence

1 10 20

33–55 V-S-W-Y-Q-Q-S-P-G-T-A-P-Q-L-M-I-Y-E-V-N-N-R-Py
67–88 S-G-N-T-A-S-L-T-I-S-G-L-Q-A-E-D-E-A-D-Y-Y-Cy
111–129a A-A-P-T-V-T-L-F-P-P-S-S-E-E-L-Q-A-N-K
130–149b A-T-L-V-C-L-I-S-D-F-Y-P-G-A-V-T-V-A ( )K

a
The lambda constant region is MCG (+) with Thr114.

b
No amino acid was identified at residue 148 which is usually Trp.
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clusters of small granulomas, predominantly in the
base of the valve. Noncaseating granulomas were
present in the left native atrium, in both lungs,
involving the blood vessel walls and the interalveo-
lar septa, subpleural, and in the spleen, where large
areas of fibrosis and clusters of granulomas had
completely distorted the normal parenchyma. Multi-
ple granulomas were also seen in the liver, pancreas,
thyroid, parathyroids, kidneys, mediastinal and
abdominal lymph nodes, and bone marrow. The
granulomas were present in different stages of
evolution. The majority were composed of epithe-
lioid histiocytes and multinucleated giant cells,
which occasionally showed eosinophilic asteroid
bodies in their cytoplasm. Some older granulomas
were surrounded by fibrosis, or were almost com-
pletely replaced by fibrosis. All special stains for
organisms were negative, supporting a diagnosis of
sarcoidosis. There was extensive deposition of pale
eosinophilic material in the native heart, distributed
as large nodules or around individual myocytes in
both atria and ventricles, and in the walls of
intramyocardial blood vessels, sometimes in close
proximity to the granulomas. With Congo red stain
this eosinophilic material had the apple-green
birefringency characteristic of amyloid (Figure 2).
In slides pretreated with potassium permanganate,
the apple-green birefringency remained unchanged
suggesting deposition of AL amyloid. Thioflavin T
highlighted the presence of amyloid within the
myocardial interstitium and in the blood vessel
walls. The deposited amyloid-stained negative with
AA-antisera, and slightly positive with AL-antisera,
while the sequencing of amyloid revealed deposi-
tion of Ig lambda II light chain. Amyloid deposition
was also noted in the aortic wall, interalveolar septa
and in the walls of the pulmonary vessels, splenic
parenchyma, walls of the stomach, large bowel,
urinary bladder, and in the glomerular mesangium.

Electron microscopy studies of a paraffin-em-
bedded section of the right ventricle showed

deposition within the myocardial interstitium of
randomly arranged nonbranching, slender fibrils of
amyloid.

The bone marrow biopsy and aspirate had no
increase in the plasma cell population that was
polyclonal with an approximately 2:1 kappa to
lambda ratio.

The transplanted heart had mild myocardial
hypertrophy, and focal microscopic areas of necrosis
at the anastomotic line, but no sarcoidosis or
amyloidosis.

Discussion

Since 1877, when Sir Jonathan Hutchinson de-
scribed sarcoid skin lesions, progress was made in
the diagnosis and treatment of the disease. However,
the disease etiopathogenesis and its clinical course
are still less understood. The most frequently
involved organs are the lungs and the hilar lymph
nodes—affected in up to 90% of patients. The skin,
eyes, and peripheral lymph nodes are involved in
20–30% of patients. The spleen, liver, bone, kid-
neys, or central nervous system may be involved in
2–6% of patients.8 The heart is involved in 1.1%9 up
to 6% of the patients.8

Cardiac involvement by sarcoidosis has a patchy
distribution with granulomas present especially in
the proximal portion of the left ventricle, upper
interventricular septum, and rarely within the
atria.10 This patchy distribution may explain the
low diagnostic rate of sarcoidosis on endomyocar-
dial biopsies 11.211–35.5%.12

Cardiac sarcoidosis is symptomatic in only 5% of
all patients,2 may manifest with arrhythmias, heart
blocks, cardiac failure13 and may lead to heart
transplantation.14

Sarcoidosis has been reported in association with
different sets of histocompatibility antigens. HLA
A1, B8, and DR3 have been associated with familial
clustering,15 HLA DR17,15 DR5216 are associated

Figure 1 Sarcoid granulomas located in the myocardium, hema-
toxylin and eosin, � 100.

Figure 2 Subepicardial deposition of amyloid, Congo red stain,
� 200.
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with a limited disease and usually a good outcome,
while HLA DR15 and DR16 are associated with
systemic disease.17 The HLA immunophenotyping
in our patient showed among other HLA antigens,
positivity for HLA DR52; however, the evolution of
his disease was more severe than expected based
only on the presence of this HLA antigen.

The association between sarcoidosis and amyloi-
dosis is rarely reported. Several types of amyloid
proteins can be deposited in the heart. The most
frequently reported are AA, AL, and transthyretin
and only rarely apolipoprotein A-I.18 Only AA- and
AL-type amyloid have been reported in association
with cardiac sarcoidosis. In AA amyloidosis, there is
usually minimal deposition of amyloid within the
myocardial interstitium and walls of small arter-
ioles. As a long-standing inflammatory process
sarcoidosis leads to increased concentrations of an
acute phase reactant—serum amyloid A. Serum
amyloid A is actually a family of apolipoproteins,
which in active sarcoidosis can increase to levels
1000-fold higher than those found in the nonin-
flammatory diseases. SAA is also the precursor
protein of AA amyloid. Salazar et al1 observed that
several inflammatory diseases including sarcoidosis
are associated with hypocholesterolemia, especially
with low HDL-cholesterol levels. This pattern of
depressed HDL-cholesterol is seen in active and
untreated sarcoidosis and may explain why these
patients are prone to develop coronary artery
disease.

AL amyloidosis is associated in the majority of
cases with some type of plasma cell dyscrasias;
however, in about 14% of the cases an underlying
gammopathy could not be determined.19 The pro-
liferation of B lymphocytes, possibly secondary to
repeated exposure to an infectious antigen, is
followed by hyperproduction of immunoglobulin
light chains. They are later on deposited and
polymerized in the tissues to form AL amyloid.
There is usually extensive deposition of AL amyloid
in the myocardial interstitium (in a nodular, peri-
myocytic, or mixed distribution), intramural coron-
ary arteries, endocardium, pericardium, and atrio-
ventricular valves.20

The most likely cause of amyloidosis in our
patient appears to be his undiagnosed active
sarcoidosis. Significant for his case is the absence
of amyloid or granulomas in the prior myocardial
biopsies from 1995 or 2001. The low diagnostic rate
of sarcoidosis on endomyocardial biopsy4 can be
explained by the location of the sarcoid granulomas,
especially in the base of the heart, while the biopsy
is usually taken from the apex of the right ventricle.
A similar explanation is valid for the negative core
biopsy obtained in our patient. During the place-
ment of an LVAD, the core biopsy is usually taken
from the apex of the left ventricle a region rarely
affected by sarcoidosis.

Both biopsies were also negative for amyloid. It is
however possible that amyloidosis had developed

during the 1 year interval between the placement of
the LVAD, when the core biopsy was taken, and the
orthotopic heart transplantation. This may have
been possible in the background of an active
systemic sarcoidosis with superimposed multiple
drive line infections. However, in this scenario, AA
amyloid deposition is most likely expected. In
animal models of amyloidosis, in mice given
inflammatory stimuli, AA amyloid had developed
after 3–6 weeks. It has also been postulated that the
deposited amyloid has a dynamic turnover, with a
possibility of regression if the source of amyloid
precursors is suppressed.19

The relationship between cardiac AL amyloidosis
and active sarcoidosis is yet less understood. Two
prior reports suggest a coincidental association
between cardiac sarcoidosis and AL amyloidosis,
due to concurrent presence of a plasma cell
dyscrasia.6,7 In our case, however, no plasma cell
dyscrasia was present, raising the possibility of a
direct relationship between active untreated sarcoi-
dosis and development of AL amyloidosis. A
possibility, which should be considered, is the
appearance of a monoclonal lymphocytic popula-
tion in the background of sarcoidosis. And if so, is
this population responsible for production of Ig light
chains, which will be later on deposited as AL
amyloid? There are case reports of associations
between sarcoidosis, sarcoid-like granulomas, and
Hodgkin’s and non-Hodgkin’s lymphomas.21 A sar-
coidosis–lymphoma syndrome, with a median inter-
val of 2 years between the diagnosis of sarcoidosis
and the onset of the lymphoproliferative disorder
was also described.22 In our case, however, there
was no evidence of a lymphoproliferative disorder.

Treatment with heart transplantation for cardiac
sarcoidosis is rare, being reported only in seven
cases, in three of them the diagnosis of sarcoidosis
being made only after the transplantation, as in our
case, after the histopathologic examination of the
native heart.14

Usually, a diagnosis of cardiac amyloidosis carries
a poor prognosis, with a median survival of less than
5 months in AL amyloidosis, and 2–5 years in AA
amyloidosis.23,24 The treatment with orthotopic
heart transplant in amyloidosis, or sarcoidosis does
not appear to stop the progression of the disease;5 in
fact, both sarcoidosis and amyloidosis may be
expected to recur in transplanted hearts.
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