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 Case series
 Patients: Male, 63-year-old • Female, 72-year-old • Female, 55-year-old
 Final Diagnosis: Amyloid light-chain amyloidosis • cardiac amyloidosis • cardiomyopathy • heart failure • 

primary AL amyloidosis
 Symptoms: Aphasia • dyspnea • heart failure • thrombosis • tongue mass
 Medication: —
 Clinical Procedure: Biopsy • chemotherapy • echocardiography
 Specialty: Cardiology • Hematology

 Objective: Rare disease
 Background: Amyloidosis is a multisystem disease caused by deposition of dysfunctional protein-amyloid-in various organs. 

The heart is commonly involved, especially in primary (AL) and transthyretin (ATTR) amyloidosis. Most patients 
present with restrictive cardiomyopathy along with other systemic features of amyloid deposition. Diagnosing 
amyloidosis is cumbersome and based on the patient’s clinical condition and findings from electrocardiog-
raphy, routine laboratory tests, cardiac biomarkers, imaging, and biopsy. Echocardiography (echo) is a widely 
available diagnostic imaging method that can help raise suspicion of cardiac amyloidosis (CA) if novel param-
eters of systolic dysfunction are used, which are based on strain measurement complemented with traditional 
morphologic and hemodynamic traits. A definitive diagnosis of amyloidosis requires biopsy. It is important to 
differentiate between AL and ATTR amyloidosis because the treatment approaches for them differ. The prog-
nosis for CA is still dismal but can be improved with early diagnosis and institution of treatment.

 Case Report: Our patients presented with advanced heart failure and subtle clinical signs of amyloidosis. AL amyloidosis was 
diagnosed based on echo findings and confirmed with bone marrow biopsy. In this report, we describe classic 
nonspecific echo signs followed by novel parameters of systolic dysfunction.

 Conclusions: Because the symptoms and signs of amyloidosis are nonspecific, the diagnosis requires a high level of clini-
cal suspicion. Severe diastolic heart failure should prompt a further search for subtle signs on echo that indi-
cate possible amyloid deposition disease. Use of systolic strain analysis increases the specificity of echo for 
diagnosis of amyloidosis. Echo results combined with specific clinical symptoms and results of a hematology 
workup can be used to diagnose CA when other, less common tests are not available or invasive testing is not 
desirable.
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Background

Amyloidosis is the general term for a clinical condition caused 
by accumulation of different precursor proteins with unstable 
tertiary structure clumping into insoluble amyloid fibrils, which 
leads to dysfunction in various organs [1]. Cardiac involvement 
is crucial, because when present, it is a marker of disease se-
verity and indicator of prognosis. The 2 most common causes 
of clinically relevant cardiac amyloidosis (CA) are light chain 
amyloidosis (AL), also called primary amyloidosis, and trans-
thyretin amyloidosis (ATTR) [2,3]. AL amyloidosis is a primary 
plasma cell disorder that occurs on its own or in association 
with multiple myeloma [4]. Immunoglobulin light chains have an 
additional direct toxic effect on myocytes; therefore, the clini-
cal presentation is more severe than in ATTR amyloidosis [5,6].

The median age at diagnosis of amyloidosis is 64 years, and 
two-thirds of cases are in men [7]. ATTR amyloidosis results 
from deposition of the abnormal transport protein transthyre-
tin, mainly in the heart and peripheral nerves. The 2 subtypes 
are wild-type ATTR and mutant ATTR. Wild-type ATTR CA has 
been increasingly recognized as a cause of heart failure with 
preserved ejection fraction in elderly individuals and will prob-
ably become the most common form of CA in that population.

Differentiating between AL and ATTR CA is crucial because the 
prognosis and therapy for them are completely different [8]. 
Diagnosis is based on identifying clinical signs of cardiac and 
extracardiac involvement and on results of laboratory tests, 
electrocardiography (ECG), and echocardiography (echo) in all 
patients with clinical suspicion of CA. A definitive diagnosis 
of amyloidosis (especially the AL subtype) requires histologi-
cal confirmation and typing of the amyloid precursor on tissue 
biopsy. A biopsy of the clinically involved organ is not always 
necessay because most patients can be diagnosed based on 
analysis of an abdominal fat pad aspirate or biopsy of a mi-
nor labial salivary gland. Cardiac biomarkers (N-terminal pro 
b-type natriuretic peptide [NT-proBNP] and troponin) are cru-
cial for diagnosing cardiac involvement. They can be positive 
even before symptoms occur, have prognostic significance, 
and increasingly are being used to monitor disease progres-
sion and response to treatment. Echo is the mainstay of diag-
nostic imaging because of its wide availability and reproduc-
ibility [2]. Numerous classic and novel echo signs are relatively 
specific for CA and the testing also offers prognostic informa-
tion [2,9]. Additional tests, such as magnetic resonance imag-
ing (MRI), scintigraphy with bone tracers, and genetic analy-
sis, can be performed on an individual basis and depending on 
their availability. Early diagnosis is the determinant of prog-
nosis, especially in AL amyloidosis, for which antineoplastic 
therapy should be administered as soon as possible [4]. The 
amyloidosis subtype and disease stage determine the strate-
gy for treatment, which can include chemotherapy, stem cell 

transplantation (SCT), and liver transplantation [4]. We present 
the cases of 3 patients with advanced heart failure who were 
diagnosed with AL amyloidosis based on their clinical presen-
tation and results of echo, laboratory testing, and bone mar-
row biopsy. We also discuss the echo parameters for diagno-
sis of the disease and assessment of prognosis.

Case Report

Patient 1 was admitted for newly diagnosed heart failure with 
high levels of natriuretic peptides and chronically elevated tro-
ponin values (Table 1). During standard treatment, he had ex-
perienced transitory aphasia without structural cerebral dam-
age and recovered completely. ECG showed low voltage in the 
limb leads with a pseudoinfarction pattern in the precordial 
leads (Figure 1). That finding along with the patient’s clinical 
presentation (periorbital hematoma, thickened tongue, pro-
teinuria below the nephrotic range, and a decreased glomer-
ular filtration rate) and echo findings (Figure 2) were highly 
suspicious for amyloidosis.

Spontaneous echo contrast was detected in the man’s heart 
cavities, possibly explaining his recent cardioembolic cerebral 
event despite sinus rhythm. Monoclonal protein–immunoglob-
ulin G (IgG) and lambda light chains were detected on further 
hematological workup (serum and urine protein immunofix-
ation, serum kappa/lambda free light chain [FLC] ratio). Bone 
marrow biopsy confirmed the diagnosis of multiple myeloma: 
20% CD138+ atypical plasma cells with Congo red-positive am-
yloid infiltrates. Chemotherapy was started, but unfortunately, 
the patient died 2 months later from refractory heart failure.

Patient 2 also presented with a first episode of mainly right-
sided heart failure (NT-proBNP 10940 ng/L). She was a sep-
tuagenarian and already cachectic upon admission, with gen-
eralized edema. Echo revealed advanced-stage restrictive 
cardiomyopathy with significant reduction in left ventricular 
systolic function (LVSF) and telltale signs of potential amyloi-
dosis (Figures 3, 4). Upon cardiac recompensation, the patient 
was transferred to the Hematology Department and diagnosed 
with multiple myeloma (IgG, lambda light chains) with amy-
loidosis based on bone marrow biopsy. Clinical and radiologic 
staging showed additional involvement of the tongue, kidney 
(proteinuria), and liver (enlargement and infiltration on com-
puted tomography [CT] scan). After 3 cycles of chemotherapy, 
the patient died from an ischemic stroke.

Patient 3 had a relatively short history of chronic heart fail-
ure with a mildly reduced LV ejection fraction. She deteriorat-
ed progressively despite evidence-based therapy. During her 
last hospitalization for worsening heart failure, a repeat echo 
raised suspicion for amyloidosis based on morphologic traits, 
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the restrictive left ventricle filling pattern, and a characteris-
tic regional reduction in longitudinal strain (Figures 5–8). One 
week later, the patient had a thrombosis of the inferior vena 
cava with a kidney infarction. Further workup fulfilled the crite-
ria for diagnosis of multiple myeloma with amyloidosis: mono-
clonal lambda light chains in serum and urine electrophore-
sis, bone marrow infiltration with atypical plasma cells, Congo 
red-positive amyloid fibers, and involvement of the heart, liv-
er, kidney, and tongue. A cardiac biopsy also was performed 
but the result was nondiagnostic. The patient currently is re-
ceiving chemotherapy in preparation for autologous SCT. The 
clinical and echo parameters for all 3 patients are summa-
rized in Table 1.

Discussion

AL amyloidosis is fairly rare, with an incidence of 8.9 per 
100 0000 and 60% of patients have cardiac involvement [7]. 
Our patients were initially diagnosed in a general hospital that 
covers a population of 120 000, so the 3 cases are a surprising-
ly high incidence in a short time span of 10 months. Median 
time to diagnosis was 5 months, while other authors have re-
ported a median of 10 to 22 months [10,11]. The small number 
of patients in our report does not for allow direct comparisons; 
nevertheless, they were all diagnosed fairly swiftly. The median 
age of patients with AL amyloidosis is 60, most of whom are 
men [7]. The diagnosis is suspected when the clinical presenta-
tion includes classic findings, such as microvoltage and a pseu-
doinfarction pattern on ECG (present in all 3 of our patients) 

Patient 1 Patient 2 Patient 3 

Sex/age Male/63 Female/72 Female/55

Hematologic diagnosis
Multiple myeloma and AL 
amyloidosis – lambda light 
chains

Multiple myeloma and AL 
amyloidosis – lambda light 
chains

Multiple myeloma and AL 
amyloidosis – lambda light 
chains

Time from symptom onset to diagnosis 5 months 6 months 5 months

Extracardiac involvement Kidney, tongue, skin, heart Tongue, liver, kidney, heart Tongue, liver, kidney, heart

NT-proBNP 13 900 ng/L 10 940 ng/L 5225 ng/L

hs-TnI 92.9 ng/L 138.4 ng/L 53.6 ng//L

Left ventricle size (EDV/ESV) 80 mL/40 mL 43 mL/27 mL 77 mL/28 mL

Left ventricular mass index 122 g/m2 133 g/m2 120 g/m2

Septal thickness 15 mm 15 mm 13 mm

EF 50% 37% 37% 

GLS –7% -6% –9%

RRSR – 1.48 1.47

EF/GLS ratio 7.1 6.2 4.2

Diastolic function

 E vel 1.3 m/s 1.1 m/s 0.84 m/s

 A vel 0.36 m/s 0.38 m/s 0.4 m/s

 E/A 3.1 2.8 2.2

 DecT 149 ms 162 ms 176 ms

 E/e’ 28 38 21

Table 1. Clinical and echocardiography data from our patients.

A vel – A velocity; AL – primary amyloidosis; DecT – mitral inflow deceleration time; E/A – ratio of the early diastole (the E wave) 
to peak velocity flow in late diastole caused by atrial contraction (the A wave); EDV – end-diastolic volume; E/e’ – ratio between 
early mitral inflow velocity and mitral annular early diastolic velocity; EF – ejection fraction; ESV – end-systolic volume; E vel – 
E velocity; GLS – global longitudinal strain; hs-Tnl – highly sensitive troponin; NT-proBNP – N-terminal pro b-type natriuretic peptide; 
RRSR – relative regional strain ratio.
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and hyperechogenic speckled myocardium on echo [12]. All of 
our patients had chronically mildly elevated cardiac troponin 
values, reflecting continuous necrosis of myocytes and signif-
icantly elevated NT-proBNP values, which correlated with the 
clinical picture of advanced heart failure. Cardiac biomarkers 
are excellent parameters for monitoring disease progression, 

staging, and determining prognosis. A widely used staging sys-
tem from 2004 relied solely on 2 cardiac biomarkers: troponin 
(T or I) and NT-proBNP [13]. It was revised in 2012, adding the 
absolute difference in FLCs as a third variable [14].

Figure 1.  An electrocardiogram from Patient 1 showing microvoltage in the limb leads and a pseudoinfarction pattern in the precordial 
leads.

Figure 2.  An echo image (apical 4 chamber view) from Patient 
1. The asterisk marks the myocardium of the left 
ventricle, which is speckled and appears to be 
hypertrophic.

Figure 3.  An echo image (parasternal long axis view) from 
Patient 2. The left ventricle is small, the left atrium is 
enlarged, the valves are thickened, and there is a small 
amount of pericardial and plural effusion. AV – aortic 
valve; LA – left atrium; LV – left ventricle; MV – mitral 
valve; PeE – pericardial effusion; PE – plural effusion.
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Echo done based on a high level of clinical suspicion for the 
pathology was the key to further workup and achievement of 
definitive diagnosis in our patients. Biopsy of clinically affect-
ed organs or less invasive and, therefore, more widely used 

abdominal fat pad aspirate and biopsy of a salivary gland is 
mandatory for the diagnosis of AL amyloidosis. All of our pa-
tients had bone marrow biopsies, which showed clonal plas-
ma cells consistent with multiple myeloma and amyloid infil-
tration, detected by Congo red staining. One should always 
keep in mind the differential diagnosis between AL and ATTR 
amyloidosis. For instance, ATTR amyloidosis can occur with un-
related monoclonal gammopathy, such as monoclonal gam-
mopathy of undetermined significance, which requires follow 
up and no chemotherapy.

Figure 5.  An echo image (parasternal long axis view, M mode 
tracing) from Patient 3. The septum of the left 
ventricle and posterior wall have a layered appearance 
(“onion bulb”). A small amount of pericardial 
effusion is visible behind the posterior wall (asterisk). 
IVS – intraventricular septum; PW – posterior wall.

Figure 7.  An echo image (apical 4-chamber view) from Patient 
3. The Doppler tracing of transmitral flow shows a 
restrictive left ventricular filling pattern.

Figure 6.  An echo image (subcostal view) from Patient 3. The 
left and right atrium are both enlarged, the interatrial 
septum (asterisk) is thickened, and the wall of the right 
ventricle exhibits “hypertrophy.”. A liver hemangioma 
was an incidental finding. H – hemangioma; LA – left 
atrium; RA – right atrium; RV – right ventricle.

Figure 4.  A bullseye display of regional LV longitudinal strain 
from Patient 2. The basal regions are outermost, mid 
regions in the middle, and apical regions innermost. 
A significant reduction in longitudinal strain, with a 
typical “apical-sparing” or “cherry-on-top” pattern is 
seen.
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In all of our patients, the diagnosis of multiple myeloma with 
amyloidosis was clear and performing additional routine car-
diac biopsy would not have affected treatment. Scintigraphy 
with technetium pyrophosphate (99mTc-PYP), which tradition-
ally has been used as a bone tracer, has 100% specificity to 
differentiate between AL and ATTR CA, so it could be done to 
definitively exclude coexisting ATTR (which is highly unlike-
ly) [8]. Cardiovascular MRI (cMRI) shows a typical pattern of 
late gadolinium ehnancement in CA, and it is suggested after 
echo in a CA diagnosis algorithm [1]. ATTR CA amyloidosis can 
even be diagnosed without biopsy. Positive scintigraphy with 
bone-avid tracers (Grade 2 or 3 tracer uptake) in the absence 
of detectable monoclonal protein in serum or urine provides 

Figure 8.  A bullseye display of the regional LV longitudinal strain 
from Patient 3. The pattern of strain reduction is the 
same as in Figure 8, but less prominent.

–2

–4

–5

ANT

SEPT-ANT
Peak systolic strain

LAT

POST

INF

SEPT

3

–6

–9
3

–9

–6

–8

–10

–10
–17–15

–15 –10

–15

a reliable nonhistological diagnosis [15]. Unfortunately, cMRI 
is still not widely available for routine use.

Our cases demonstrate that echo followed by a hematology 
workup (monoclonal protein detection and bone marrow bi-
opsy) is a possible pathway to diagnosis of AL amyloidosis in 
a large number of patients, obviating the need for routine car-
diac biopsy. Most patients with CA have relatively preserved 
LVSF on presentation. That makes diagnosis of CA even hard-
er because most clinicians would expect isolated advanced di-
astolic dysfunction [16]. Unfortunately, all of our patients had 
advanced disease with high amyloid burden and concomitant 
systolic dysfunction. When myocardial amyloid burden reach-
es a certain threshold, cardiac damage is known to become ir-
reversible and chemotherapy does not appear to improve out-
comes [17]. Two of our 3 patients had cerebral ischemic events 
despite sinus rhythm. Risk for thrombosis is greatly increased 
with ventricular diastolic dysfunction and atrial mechanical 
dysfunction; therefore, anticoagulation should be considered 
as an option in all patients with CA [4,18].

Multiple studies have shown that strain abnormalities can 
be an early marker of CA, often before symptoms of conges-
tive heart failure [4]. Most of the classic echo parameters 
(Figures 2, 3, 5–7, 9) are relatively nonspecific for CA [2,19]. 
An apical sparing pattern of longitudinal strain impairment 
has high sensitivity (93%) and specificity (82%) for CA [4,20]. 
Relative apical sparing also can be seen on 2-dimensional speck-
le-tracking echo in patients with more common causes of myo-
cardial thickening, such as hypertension and aortic stenosis. 
Additional information can be gained by analyzing dissocia-
tion between relatively preserved left ventricular ejection frac-
tion (LVEF) and profoundly reduced global longitudinal strain 
(GLS), expressed as LVEF/GLS ratio. This parameter can also 
be used to differentiate CA from other causes of LV hypertro-
phy. An EF/GLS ratio higher than 4.1 has 89.7% sensitivity and 
91.7% specificity for a CA diagnosis [20,21]. Our patients met 
these criteria. Various prognostic factors can be assessed with 
echo. Increased septal thickness, E/e’ ratio (ratio between early 
mitral inflow velocity and mitral annular early diastolic veloc-
ity), and reduced LVEF all indicate worse prognosis regardless 
of the type of amyloidosis [2]. In patients with AL amyloido-
sis and preserved LVEF, a GLS value less than −14.81 has been 
shown to be a predictor of all-cause mortality [2,23]. Basal-
apex gradient of strain can be expressed as relative regional 
strain ratio (RRSR). An RRSR higher than 1.19 also predicts high-
er mortality or progression to heart transplantation [2,24,25].

Conclusions

CA is the most common cause of restrictive cardiomyopathy 
and should be considered in all patietns with heart failure who 

Figure 9.  An echo image (modified apical 4-chamber view) 
from Patient 3. The low tissue Doppler mitral annulus 
velocity and increased E/e’ are consistent with 
restrictive cardiomyopathy.
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present with preserved LVEF. The prognosis is determined by 
the extent of myocardial damage and total amyloid burden. 
Overall, it has improved consistently because of advances in 
diagnosis and treatment. Now even patients with stage 4 AL 
CA have a median survival of 5.8 months [14]. Shortening the 
time from symptom onset to diagnosis is the key to improving 
outcomes. Our cases show how full use of echo in conjunction 
with clinical presentation, ECG, cardiac biomarkers, M protein 
detection, and bone marrow biopsy can sometimes provide 
a definitive diagnosis of CA in patients with AL amyloidosis 
without the need for an invasive organ biopsy. Unfortunately, 
technical limitations at our center did not permit us to perform 

futher amyloid typing. Novel, relatively specific parameters 
such as apical sparing or EF/GLS ratio also should be used. 
Chemotherapy and autologous SCT is the treatment regimen 
of choice for AL amyloidosis, particularly when a patient also 
has heart involvement. Unfortunately, the prognostic param-
eters proved reliable in our patients, and only 1 was alive 6 
months after diagnosis, despite treatment.
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