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ABSTRACT
Cardiac amyloidosis is an underdiagnosed condition associated with a poor prognosis, likely leading to heart 
failure, malignant arrhythmias and death. A high index of suspicion should be maintained in regards to clinical, 
electrocardiographic and echocardiographic changes, as the “gold standard” for diagnosis, endomyocardial biopsy 
is often unavailable. Another challenge resides in the limited treatment options, with a relative contraindication to 
the use of betablockers, calcium channel blockers, angiotensin-converting enzyme inhibitors and digoxin. We are 
presenting the case of a patient with heart failure, in whom echocardiography with speckle tracking and cardiac 
magnetic resonance played an important role in diagnosing cardiac amyloidosis and underlying multiple myeloma. 
Despite a poor prognosis based on biomarkers (troponin and NTproBNP) and global longitudinal strain, as well as 
ineligibility for stem cell transplant the patients survived for another 5 years. 
Keywords: cardiac amyloidosis, AL amyloidosis, multiple myeloma, heart failure, HFpEF. 

REZUMAT
Amiloidoza cardiacă este o patologie subdiagnosticată cu prognostic infaust ce poate evolua către insufi ciență 
cardiacă, aritmii maligne și deces. Suspiciunea diagnostică trebuie să fi e bazată pe o multitudine de modifi cări 
clinice, electro și ecocardiografi ce deoarece „standardul de aur”, biopsia endomiocardică este o procedură 
invazivă, indisponibilă în majoritatea centrelor. O altă limitare legată de această patologie o constituie paleta 
restrânsă a tratamentului simptomatic prin contraindicația betablocantelor, a blocantelor de canal calcic, a 
inhibitorilor de enzimă de conversie și a digoxinului. Prezentăm cazul unei paciente internate cu fenomene de 
insufi ciență cardiacă, la care ecocardiografi a cu speckle tracking și rezonanța magnetică cardiacă au jucat un rol 
important în diagnosticul de amiloidoză cardiacă și, ulterior, de mielom multiplu. Particularitatea cazului rezidă 
în evoluția de lungă durată (deces la circa 5 ani de la diagnostic) în condițiile unor valori persistent crescute ale 
biomarkerilor (troponină și NTproBNP) și a unui strain longitudinal scăzut, dar și a afectării multi-organ ce a adus cu 
sine contraindicația transplantului medular.
Cuvinte cheie: amiloidoză cardiacă, amiloidoza AL, mielom multiplu, insufi ciență cardiacă, IC cu fracție de ejecție 
prezervată.

INTRODUCTION
Cardiac amyloidosis (CA) is an underdiagnosed condi-
tion caused by insoluble deposits of misfolded prote-
ins in the extracellular matrix of all cardiac structures. 
Amyloidosis in itself is an umbrella term for a hete-
rogeneous assortment of diseases as many different 
proteins may become misfolded and give rise to amy-
loid. However, most cases of cardiac amyloidosis can 
be attributed to only two types of amyloid: light-chain 
amyloidosis (AL) caused by immunoglobulin light-cha-
ins, thus occurring most commonly in patients with 
plasma cell dyscrasias, and transthyretin amyloido-
sis (ATTR) where a precursor of albumin becomes 

misfolded. Furthermore, ATTR can be subdivided into 
the hereditary form, associated with a gene defect, 
and wild-type, occurring in older patients in whom the 
transthyretin gene is unaffected but the protein still 
becomes misfolded1,2. 

The clinical presentation of amyloidosis is variable 
and depends on amyloid distribution. Heart failure is 
a common fi nding, as well as orthostatic hypotenti-
on and syncope. ECG clues to cardiac amyloidosis are 
low QRS voltage in the limb leads and a pseudoin-
farct pattern in the precordial or inferior leads. Due to 
amyloid build-up, conduction disturbances may beco-
me apparent and patients can present with atrioven-
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tricular block, atrial fi brillation or fl utter, ventricular 
ectopy or prolonged QT interval1-3. There are many 
subtle extracardiac signs associated with amyloido-
sis, which may aid in differentiating between AL and 
ATTR. While gastrointestinal symptoms, sweating and 
erectile dysfunction are common for both, peripheral 
neuropathy, carpal tunnel syndrome and lumbar spinal 
stenosis are more prevalent in ATTR, and periorbital 
ecchymoses (“raccoon eyes”), macroglossia and chro-
nic kidney disease in AL2.

Irrespective of precursor protein, amyloid deposits 
have a characteristic appearance when viewed under a 
microscope; when stained with Congo red, cells have 
an apple-green birefringence under polarized light. En-
domyocardial biopsy followed by Congo red staining 
is the „gold standard’ in the diagnosis of cardiac amy-
loidosis. However, since access to the procedure is 
limited, cardiac involvement has been defi ned as either 
a positive heart biopsy and/ or an interventricular sep-
tum (IVS) thickness exceeding 12 mm in the absence 
of other causes of ventricular hypertrophy1. 

Echocardiography is, hence, the mainstay of diagno-
sis in patients with suspected cardiac amyloidosis. Asi-
de from the thickened IVS with “granular sparkling”, 
common fi ndings also include dilated atria (may con-
tain thrombi), a thickened interatrial septum, small to 
moderate pericardial effusion, mild valvular dysfuncti-
on (secondary to amyloid deposits in valvular structu-
res), pulmonary hypertension and a restrictive mitral 
infl ow pattern2,4. 

Modern imaging techniques such as 2D speckle 
tracking, cardiac magnetic resonance (CMR) and nu-
clear scintigraphy with technetium-labeled radiotra-
cers are of particular help in the diagnostic of cardiac 
amyloidosis. Speckle tracking has become common 
place in echocardiography laboratories worldwi-
de and a relative sparing of the longitudinal strain in 
the ventricular apex, an aspect commonly described 
as „cherry on top”, is an easily recognizable feature 
of cardiac amyloidosis5,6. Moreover, late gadolinium 
enhancement (LGE) and T1 mapping on CMR reve-
al another characteristic pattern, and cardiac uptake 
higher than grade 2 on nuclear scintigraphy in the ab-
sence of plasma cell dyscrasia is diagnostic for ATTR2. 
A study performed on explanted hearts seems to tie 
in apical sparing of GLS with amyloid distribution pre-
dominantly in the basal and mid-cavity sections, also 
corresponding to the subendocardial pattern of LGE7.

The prognosis associated with cardiac amyloidosis 
depends on the type of amyloid involved. ATTR may 

present with a milder phenotype, while AL has a rapid 
progression rate (0.19 - 2.02 mm/month has been ci-
ted)8. Evidently, an early and accurate diagnosis is im-
portant as a means to early treatment.

We present the case of a heart failure patient who 
on closer inspection exhibited stigmata associated 
with amyloid build-up and was thus diagnosed with 
multiple myeloma and cardiac amyloidosis.

CASE PRESENTATION
A 50-year-old woman with grade 3 arterial hyperten-
sion and diabetes mellitus is admitted for exertional 
dyspnea, palpitations and constitutional symptoms 
(weight loss and anorexia). On examination, the pati-
ent is afebrile, with a blood pressure of 120/70 mmHg, 
heart rate 73 bpm and SatO2 98% on breathing am-
bient air. She has macroglossia, nuchal petechiae, pe-
ripheral facial nerve paralysis, bilateral leg edema and 
an enlarged, tender liver. 

Laboratory assays reveal a normal complete blood 
count, electrolytes, renal and liver function tests. Tro-
ponin (cTnT) is 0.092 ng/mL, within the normal range, 
though the NTproBNP value is highly elevated 6220 
pg/mL (reference range: 0 – 125 pg/mL). 

The ECG exhibits sinus rhythm with a trifascicular 
block (fi rst degree atrioventricular block, right bundle 
branch block and anterior fascicular block), low QRS 
voltage, a pseudoinfarct pattern in the inferior leads 
and an isolated premature ventricular complex (PVC).

On echocardiography, biatrial enlargement, ventri-
cular hypertrophy, and grade III diastolic dysfunction 
are evident (Figure 1, Figure 3 – panels 1-4), as well 
as a characteristic pattern of apical sparing of global 
longitudinal strain (GLS: -14.3%, Figure 2). CMR fi nds 
a patchy subendocardial and subepicardial pattern of 
LGE (Figure 3 – panels 5-8), an increased LV mass in-
dex (103 g/m2), a small pericardial effusion (0.9 cm) 
and a left ventricular ejection fraction of 57%, without 
intracardiac thrombi. 

Upon hematology referral, IgA -secreting multiple 
myeloma is confi rmed by bone marrow aspirate: over 
50% plasmocytes and Mott cells, as well as a subcuta-
neous fat biopsy positive for amyloid.

Throughout the hospital stay, the patient develops 
paroxysmal atrial fi brillation and atrial fl utter with va-
riable block (Figure 4). She is started on amiodarone 
and apixaban 5 mg b.i.d., as well as diuretics (furosemi-
de 40 mg b.i.d and spironolactone 50 mg o.d). She also 
receives treatment for multiple myeloma (cyclopho-
sphamide/ bortezomib/ dexamethasone). Due to mul-
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DISCUSSIONS: TREATMENT AND 
PROGNOSIS
Up until recently, there were very few available treat-
ment options for cardiac amyloidosis. Among them, 
autologous stem cell transplant (SCT) preceded by hi-
gh-dose melphalan is considered effective, with mor-
tality rates below 5% and good survival, though only 
applicable to 20% of newly diagnosed AL patients9. 
Heart transplantation has been attempted in patients 
with CA, regardless of etiology, and proved an effecti-

tiorgan involvement, she is not a candidate for stem 
cell transplantation.

Over the next 5 years, she is hospitalized multi-
ple types for similar symptoms, each time presenting 
with slightly elevated troponin (0.05 – 0.092 ng/mL) 
and high NTproBNP (4810 – 18300 pg/mL), as well 
as a decreasing GLS albeit preserving the apical strain 
(-14.3% to -8.1% - Figure 2). Eventually, multiple mye-
loma progression, sepsis and intractable heart failure 
lead to the patient’s death.

Figure 1. Echocardiography in a patient with multiple myeloma and cardiac amyloidosis showing thickened ventricular myocardium with granular 
sparkling, dilated atria and pleural effusion (panels A&B), as well grade 3 diastolic dysfunction (panel C).

Figure 2. Global longitudinal strain (GLS) deterioration throughout the years (2016-2019) in a patient with multiple myeloma and cardiac amyloidosis, 
showing a “cherry on top” pattern i.e. relative apical sparing.
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ve option in patients with minimal extracardiac invol-
vement10.

However, in 201911 and 202012, tafamidis, an oral 
TTR stabilizer, was approved for use by the FDA and 
EMA respectively. Tafamidis binds transthyretin tetra-
mers and prevents formation of amyloid and, accor-
ding to the ATTR-ACT trial, leads to a 30% reduction 
in mortality and cardiovascular hospitalization for pa-
tients with wild-type and hereditary ATTR, while also 
improving quality of life and functional capacity13.

As for AL, in early 202114, the FDA granted acce-
lerated approval to Darzalex Faspro, Janssen Biotech 
Inc. (daratumumab plus hyaluronidase) in a combined 
regimen with bortezomib, cyclophosphamide and 
dexamethasone. Daratumumab is an anti-CD38 anti-
body previously approved in the treatment of multi-
ple myeloma15, and according to the ANDROMEDA 
(NCT03201965) trial, cardiac response was attained 
in 8 out of 13 patients at the 12-month follow-up16.

Atrial fi brillation in the setting of cardiac amyloidosis 
carries a greater risk for systemic embolism, thus 
indicating anticoagulation regimens irrespective of 
CHA2DS2-VASc score. A postmortem analysis on 
patients with cardiac amyloidosis showed a higher 
thrombotic burden of AL despite maintenance of 
sinus rhythm and a preserved left ventricular ejection 
fraction, compared to ATTR. It has been hypothesized 
that hypercoagulability, endothelial dysfunction, 

Figure 3. Cardiac magnetic resonance in a patient with multiple myelo-
ma and cardiac amyloidosis showing thickened left ventricular walls (cir-
cle) and interatrial septum, as well as dilated atria (star). CMR revealed 
a patchy subendocardial and subepicardial pattern of LGE (pannels 5-8), 
an increased LV mass index, a small pericardial effusion (0.9 cm) and a 
left ventricular ejection fraction of 57%, without intracardiac thrombi.

Figure 4. ECG of a patient with multiple myeloma and cardiac amyloidosis, showing atrial fl utter with a variable atrioventricular block: 2:1 and 4:1, a 
pseudoinfarct pattern in the inferior leads and low QRS voltage in the limb leads (precordial leads are at half amplitude due to machine calibration).
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NTproBNP < 332 ng/L) have been used as a means to 
stratify AL patients and predict mortality25. The diffe-
rence between involved and uninvolved free light-cha-
in has since been added to account for clonal burden, 
as well as an update in troponin and NTproBNP cuto-
ffs (cTnT < 0.025 ng/mL, NTproBNP < 1.800 pg/mL) 
to give a more accurate prognosis26. Other staging 
systems have been developed, based on BNP rather 
than NTproBNP, to be used in patients with advan-
ced renal dysfunction (chronic kidney disease stage 4 
or 5), but larger cohorts are required to validate the 
fi ndings27. Global longitudinal strain (cutoff 17%) has 
also been proffered not only as a prognostic means 
but one with the ability to further refi ne stratifi cation 
based on biomarkers28,29. Perhaps due to poor survi-
val, to date there are no studies demonstrating evo-
lution of GLS in AL patients ineligible for stem cell 
transplantation. In contrast, ATTR does not exhibit 
the same relationship between troponin and survival, 
most likely since light-chain amyloid also has a direct 
myocytotoxic effect30,31. 

CONCLUSION
Cardiac amyloidosis is still an underdiagnosed con-
dition, but with the advent of imaging modalities like 
speckle tracking, cardiac magnetic resonance and nu-
clear scintigraphy, as well as new therapies like tafami-
dis for transthyretin amyloidosis and daratumumab for 
light-chain amylodosis, it is now more important than 
ever to maintain a high index of suspicion and diagnose 
patients as soon as possible.
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