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Abstract

We present a 65-year-old woman with a history of exercise-induced
retrosternal pain and dyspnea. Both coronary angiography and CMR
imaging showed evidence of microvascular dysfunction. After sev-
eral admissions with acute coronary syndrome and heart failure, a
myocardial biopsy was performed which revealed abundant AL amy-
loid deposits. We present this case in detail and review articles.
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Introduction

Cardiac amyloidosis is caused by deposition of an insoluble
protein material, known as amyloid substance, in the cardiac
interstitium. AL amyloidosis is the most commonly diagnosed
form of cardiac amyloidosis. It is associated with a B-cell
dyscrasia and AL amyloid fibrils are composed of fragments
of either kappa or lambda monoclonal immunoglobulin light
chains. In some patients, overt multiple myeloma may co-exist
and is associated with a poorer prognosis [1]. One or many
vital organ systems may be involved (commonly the kidneys,
liver, peripheral and autonomic nervous systems and soft tis-
sues). The heart is frequently the predominant organ affected
by amyloid deposition and is the sole organ involved in a small
proportion of patients [2].

Although AL amyloidosis typically is viewed as a rare dis-
ease, its incidence is similar to that of Hodgkin’s lymphoma
or chronic myelogenous leukemia [3]. It is estimated to affect
5 - 12 people per million per year, although autopsy studies
suggest that the incidence might be higher [4].
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The condition usually presents as a restrictive cardiomyo-
pathy that leads to death from heart failure in most patients.
Diagnosis at early stages of the disease and prompt initiation
of therapy are crucial.

Case Report

A 65-year-old Caucasian female was referred to our cardiology
clinic with a history of exercise-induced retrosternal pain and
dyspnea. She denied any history of smoking or alcohol/drug
abuse and was not on any medications. On physical examina-
tion, vital signs were normal. The remainder of the examina-
tion was unremarkable, in particular no signs of heart failure.
Laboratory values on admission revealed elevated inflammato-
ry and cardiac markers. A 12-lead electrocardiography showed
a bifascicular block and T-wave inversion in the anterior chest
wall leads (Fig. 1). A transthoracic echocardiogram revealed
moderate concentric left ventricular hypertrophy with pre-
served global left ventricular systolic function, infero-lateral
apical hypokinesis, impaired relaxation and elevated filling
pressures. A coronary angiography was performed which re-
vealed no epicardial coronary artery stenosis (Fig. 2).

The clinical picture was initially interpreted as perimyo-
carditis. Therapy was therefore started with diclofenac. Car-
diac amyloidosis was also considered; however, the protein
electrophoresis was unremarkable, in particular no monoclo-
nal gammopathy.

The follow-up took place 1 month later. The patient was
still complaining of exercise-induced pectanginous symptoms.
A two-dimensional transthoracic echocardiogram revealed a
normal global left ventricular function (EF 58%) with persis-
tence of inferolateral hypokinesis. For further investigation,
a cardiac MRI adenosine stress test was carried out. This re-
vealed no indications of myocarditis or myocardial fibrosis. A
relevant infarction was excluded. The left ventricular myocar-
dium showed borderline thickening and a detectable endocar-
dial delay in perfusion in almost all sections of the wall (Fig.
3). Microvascular dysfunction or cardiac syndrome X was ini-
tially postulated and a therapy was started with angiotensin-
converting enzyme (ACE) inhibitors and beta-blocker.

Over the further course of treatment, the patient suffered
relapses resulting in several hospitalizations due to cardiac de-
compensation. Over time, she developed a severe heart failure.
A follow-up revealed an LVEF of 35% with diffuse hypoki-
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Figure 1. Electrocardiogram reveals a right bundle branch block and left anterior fascicular block, in addition T-wave inversion

in leads V3-V5.

nesis. Impaired relaxation and elevated filling pressures with
restrictive mitral inflow pattern were consistent with severe di-
astolic dysfunction. Also noted was moderate to severe mitral
regurgitation. An additional coronary angiography was carried
out. It still revealed normal epicardial coronary arteries with
clear slow flow at the level of the intramyocardial vessels (my-
ocardial blush) as a sign of possible microvascular dysfunc-
tion. No improvement of the symptoms was achieved in spite
of intensification of the anti-ischemic therapy with nicorandil,
nebivolol and isosorbide dinitrate.

Right heart catheterization with endomyocardial biopsy
was performed during her last hospitalization, which took
place about 15 months after the onset of symptoms. In addition
to elevated pulmonary arterial pressures, it showed the dip-

and-plateau sign noted on right ventricular pressure tracings.
The biopsy revealed abundant AL amyloid deposits (Fig. 4).
The bone marrow biopsy revealed plasma cell infiltration of
70%, leading to the diagnosis of amyloidosis associated with
AL kappa multiple myeloma. In addition, the amyloidosis was
found to have affected the liver (hepatomegaly), kidneys (pro-
teinuria), joints and soft tissue (macroglossia and suspected
carpal tunnel syndrome). There was still no visible M compo-
nent in the protein electrophoresis, but hypogammaglobuline-
mia was detected.

Chemotherapy was started with bortezomib and dexa-
methasone which had to be discontinued due to adverse reac-
tions. The patient opted for a supportive and palliative care and
expired on the 45th day of hospitalization.

Figure 2. Coronary angiography showing normal left and right coronary arteries.
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Figure 3. MRI adenosine stress test showing diffuse endocardial perfu-
sion delay.

The autopsy of the patient revealed kappa-type plasmocy-
toma with moderate bone marrow infiltration and generalized
systemic AL amyloidosis as cause of death (Fig. 5).

Discussion

The typical patient with heart failure resulting from AL amy-
loidosis frequently presents with rapidly progressive signs and
symptoms. Progressive dyspnea is common, almost always as-
sociated with evidence of elevated right-sided filling pressure.
Peripheral edema may be profound, and in late-stage disease,
ascites is not uncommon. Weight loss, which is common, may
represent the effects of the systemic disease or may be a mani-
festation of cardiac cachexia. Patients with cardiac amyloido-
sis may present with chest discomfort. Usually this is not typi-
cal of angina and is associated with congestive heart failure.
However, typical angina can occur because of involvement of
the small vessels of the heart. Characteristic electrocardiogram
features include low voltage in the limb leads or loss of ante-
rior forces consistent with anteroseptal infarction. There have

been case reports of intramural coronary artery stenosis and
obstruction in patients with amyloidosis and concurrent heart
failure, angina, or arrhythmias, but many patients with infarct
patterns on electrocardiogram do not have major underlying
atherosclerotic disease. These infarct patterns may be caused
by amyloid-mediated occlusion of smaller intramyocardial
arteries. Atrial fibrillation and heart block are also common
electrocardiogram findings. When present, symptomatic con-
duction system disease often follows the onset of congestive
heart failure and may require pacemaker placement. Imaging
studies may be positive, leading to cardiac catheterization with
apparently normal epicardial coronary arteries on coronary
angiography. Myocardial flow reserve in such patients is im-
paired because of the small vessel involvement, and a small
but persistent elevation in serum troponin may be present,
leading to a misdiagnosis of non-Q-wave infarction. Presum-
ably, the troponin elevation represents ongoing myocyte ne-
crosis and it has been shown to be a negative prognostic factor.
Small vessel cardiac amyloid may occur in the absence of wall
thickening on the echocardiogram, although there is often a
mild elevation of left ventricular filling pressure suggesting
diastolic abnormalities of the ventricle. This presentation of
amyloidosis is rare; it is seen in only 1-2% of patients with
cardiac involvement [5].

The diagnosis of AL amyloidosis requires demonstration
of amyloid in tissue and demonstration of a plasma cell dyscra-
sia. Tissue amyloid deposits demonstrate apple-green birefrin-
gence when stained with Congo red and viewed under polar-
izing microscopy. Once a tissue diagnosis of amyloidosis has
been established, confirmation of AL disease requires demon-
stration of a plasma cell dyscrasia by a bone marrow biopsy
showing predominance of A- or k-producing plasma cells or by
the presence of a monoclonal light chain in the serum or urine
[6]. The recently introduced serum free-light-chain (FLC) as-
say, a nephelometric immunoassay, has a sensitivity for circu-
lating FLCs that is reportedly > 10-fold that of immunofixation
electrophoresis [7].

The treatment and prognosis of cardiac amyloidosis di-
rectly depend on the underlying etiology of amyloid deposi-
tion. However, in general calcium channel blockers are con-
traindicated due to case reports of worsening left ventricular
function in patients with cardiac amyloidosis, thought to be

Figure 4. Endomyocardial biopsy: the amyloid deposits turn red in the Congo red staining (left); same cut of Congo red staining
in polarized light; abnormal green to yellow birefringence of amyloid deposits (right).
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Figure 5. Postmortem endomyocardial histological samples show abundant interstitial, subendocardial (left) and small artery

media (right) deposits of amyloid substance.

related to their negative inotropic effects [8]. Beta blockers are
often avoided for the same reason [9]. Digoxin should be used
with caution because it is bound extracellularly by amyloid fi-
brils, which may cause patients with amyloidosis to be “hyper-
sensitive” to its effects [10]. ACE inhibitors or other vasodilat-
ing agents are of varying utility depending on the presence or
absence of comorbidities such as the nephrotic syndrome or re-
fractory orthostatic hypotension. Pacemakers may be required
depending on the degree of conduction system disease [8].
Some clinicians also advocate treating patients with warfarin
with a goal international normalized ratio of 2.0 - 3.0 because
of the higher incidence of intrachamber thrombi seen in car-
diac amyloidosis, even in the absence of atrial fibrillation [11].

Several case reports and retrospective cohort studies have
described a marginal benefit with the use of internal cardio-
verter defibrillators in patients with cardiac amyloidosis. De-
tection of early cardiac involvement and proper identification
of patients at high risk for sudden cardiac death due to rapid
progressive amyloidosis needs to be defined [12].

The prognosis for patients with AL amyloidosis is poor.
Median survival is 13 months without treatment and can be
extended to 17 months with cyclic oral melphalan and pred-
nisone therapy [13, 14]. However, such treatment rarely results
in complete remission of disease or reversal of end organ dys-
function because of amyloid deposits. Only 5% of patients sur-
vive for more than 10 years [15]. Recently, high-dose intrave-
nous melphalan has been combined with autologous peripheral
blood stem cell transplantation resulting in varying degrees of
hematologic response, decreased end-organ dysfunction and
prolonged survival in some patients [4, 16, 17]. High-dose tha-
lidomide and dexamethasone have been tried as well, but few
patients are able to tolerate the toxicity of this regimen [18].
Cardiac transplantation has been used in some patients with
AL amyloidosis, but long-term survival is less favorable than
in patients transplanted for other conditions [19-22].

This is an unusual case of cardiac amyloidosis with atypi-
cal clinical presentation and negative initial workup for amy-
loidosis, including serum/urine protein electrophoresis tests.
Serum FLC assay was not performed as the index of suspicion
for systemic amyloidosis was initially low. Both coronary an-
giography and CMR imaging showed evidence of microvascu-
lar dysfunction. This pattern may be caused by amyloid-medi-
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ated occlusion of smaller intramyocardial arteries.

In conclusion, patients with cardiac amyloidosis have very
poor survival without therapy. Diagnosis at early stages of the
disease and prompt initiation of therapy are crucial. Non-inva-
sive diagnostic methods, such as echocardiography and cardi-
ovascular MRI, are useful for diagnosis in patients with signs
and symptoms of progressive heart failure, but some findings
are not specific for cardiac amyloid and can be found in other
restrictive cardiomyopathies.

A high index of suspicion for systemic amyloidosis war-
rants obtaining also a serum FLC assay as it can detect circu-
lating FLC with 10-fold greater sensitivity than immunofixa-
tion in AL amyloidosis [7].

Endomyocardial biopsy is the only method by which the
presence of cardiac amyloidosis can be directly verified but this
method is invasive, expensive and not always available [23].

A rapid initial therapy mainly with diuretics is usually
needed to stabilize patients with congestive heart failure. Con-
ventional heart failure drugs are usually not well tolerated and
the long-term benefits are uncertain. Chemotherapeutic agents
could delay the progress of the disease and prolong survival
in some patients, but rarely result in complete remission or
reversal of end organ dysfunction. Cardiac transplantation,
although still controversial, should be considered in highly se-
lected cases.
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