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Abstract
Cardiac amyloidosis (CA) is an uncommon, progressive, and fatal disease; the two main forms that can affect the heart are 
transthyretin CA and light chain CA (AL-CA). AL-CA is a medical urgency for which a diagnostic delay can be catastrophic 
for patients’ outcome. In this manuscript, we focus on the pearls and pitfalls that are relevant to achieve a correct diagnosis 
and to avoid diagnostic and therapeutical delays. Through the aid of three unfortunate clinical cases, some fundamental 
diagnostic aspects are addressed, including the following: first, a negative bone scintigraphy does not exclude CA, with 
patients with AL-CA frequently showing no or mild cardiac uptake, and its execution should not delay hematological tests; 
second, fat pad biopsy does not have a 100% sensitivity for AL amyloidosis and, if negative, further investigations should 
be performed, particularly if the pre-test probability is high. Third, Congo Red staining is not sufficient to reach a definitive 
diagnosis and amyloid fibrils typing with mass spectrometry, immunohistochemistry, or immunoelectron microscopy is 
crucial. To achieve a timely and correct diagnosis, all the necessary investigations must be performed, always considering 
the yield and diagnostic accuracy of each examination.
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Introduction

Systemic amyloidosis is an uncommon and progressive 
disease that, in the recent years, has been the subject of a 
medical revolution in terms of diagnostic and therapeutic 
advancements. This has been mainly related to the greater 
availability of non-invasive diagnostic strategies [1, 2] and 
novel effective therapies for the two most common forms 
that can affect the heart, such as the immunoglobulin light 
chains amyloidosis (AL) and transthyretin amyloidosis 
(ATTR) [3–5].

ATTR (both variant, ATTRv, and wild type, ATTRwt) 
and AL amyloidosis constitute substantially different condi-
tions. ATTR is caused by misfolding of transthyretin, either 
due to destabilizing genetic variants in ATTRv or to com-
plex and not completely elucidated mechanisms, including 
ageing, in ATTRwt [6]. Transthyretin instability, with dis-
sociation into dimers and monomers with subsequent mis-
folding and amyloid fibers formation, appears to be related 
to oxidative modifications, age-related failure of cellular 
homeostatic mechanisms, metal cations and genetic muta-
tions, with a proteolytic pathway also potentially involved 
[6]. Cardiac involvement is frequent in ATTRv (depending 
on the causative mutation) and ubiquitous in ATTRwt, and 
its severity is associated with disease outcome. The diagno-
sis of ATTR cardiac amyloidosis (CA) can be based either 
on histological demonstration of ATTR fibrils deposition 
or on a non-invasive approach in selected cases when AL 
amyloidosis has been excluded [1].

In AL amyloidosis, a plasma cell clone, or rarely a lym-
phoplasmacytic or marginal zone lymphoma, produces 
abnormal and toxic light chains that aggregate to form insol-
uble fibrils, with deposition in tissues and organ dysfunction 
[7, 8]. All organs, except the brain, can be involved, with 
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heart and kidneys most frequently affected; this multiorgan 
involvement accounts for the variable clinical presentation, 
frequently with nonspecific signs and symptoms [9]. For 
the diagnosis, monoclonal protein assessment should be 
performed including serum free light chains (FLCs) meas-
urement and serum and urine protein electrophoresis with 
immunofixation [10]. Both lambda and kappa light chains 
can be involved and the difference between involved and 
uninvolved free light chain (dFLC) has prognostic signifi-
cance [11].

Histological demonstration of amyloid deposits, with 
identification of AL type with mass spectrometry, immuno-
histochemistry or immunoelectron microscopy, is required 
to achieve a final diagnosis of AL amyloidosis [1]. Cardiac 
involvement, the severity of which is defined by cardiac tro-
ponin (cTn) and natriuretic peptides values [12], is a major 
determinant of prognosis with median survival < 1 year in 
AL patients with advanced cardiac disease [12, 13]. The 
diagnosis of AL cardiac amyloidosis (AL-CA) can be 
determined based on laboratory, echocardiographic and/or 
cardiac magnetic resonance (CMR) criteria together with 
cardiac or extracardiac histological demonstration of AL 
amyloid deposits [1, 13].

AL amyloidosis can develop in patients with multiple 
myeloma in 10–15% of cases or in patients with monoclonal 
gammopathy of undetermined significance (MGUS) in 9% 
of cases [13]. Therefore, it is recommended to screen for pre-
symptomatic amyloid organ involvement in these patients 
with measurements of brain natriuretic peptide (BNP) or 
N-terminal pro-brain natriuretic peptide (NT-proBNP), albu-
minuria and alkaline phosphatase [3]. In the suspicion of 
initial cardiac involvement, CMR is a useful tool for early 
diagnosis [14].

Early recognition of AL amyloidosis remains a critical 
issue. As many as one third of patients with amyloidosis 
may visit five or more physicians before diagnosis [15], and 
treatment efficacy is strictly related to patients’ stage at diag-
nosis [3]. Failure of a timely recognition of AL amyloidosis 
is catastrophic for patients’ outcome. We report here three 
clinical cases to point out some crucial diagnostic errors 
and pitfalls that can contribute to delay in diagnosis and 
reduced survival.

Case reports

A negative bone scintigraphy does not exclude 
cardiac amyloidosis

Sixty-nine-year-old woman in good health till hospital 
admission for pulmonary edema and heart failure during a 
hypertension emergency. Left ventricular hypertrophy was 
noted at echocardiography, together with reduced global 

longitudinal strain with relative apical sparing [16], and 
CMR findings were suggestive for CA. She was discharged 
and underwent bone scintigraphy 1 month later, which was 
negative for cardiac uptake (Fig. 1). No further diagnos-
tic testing for amyloidosis was (erroneously) performed. 
A few months later, she was admitted for acute stroke; at 
blood tests, there was evidence of IgG lambda monoclonal 
component, serum FLC lambda were elevated (408 mg/L, 
dFLC 386 mg/L) with lambda Bence Jones proteinuria. 
After bone marrow biopsy, a diagnosis of multiple myeloma 
was achieved. Moreover, she underwent fat pad biopsy that 
resulted positive for Congo red staining; subsequent typing 
with immunoelectron microscopy demonstrated lambda-type 
AL amyloid. Cardiac biomarkers were severely elevated 
(high-sensitivity cTn T, hs-cTnT, 115 ng/L, NT-proBNP 
12540 ng/L, revised Mayo Clinic stage IV [11]). Specific 
treatment was started, but the patient died after 4 months for 
refractory heart failure.

Fat pad biopsy does not have a 100% sensitivity 
for systemic amyloidosis, and life‑saving therapies 
cannot be precluded just based on this finding

Man of 49 years in good health till he developed lower limbs 
paresthesia and weight loss. He visited various physicians 
without a definitive diagnosis for 10 months. He was sub-
sequently admitted for suspected acute coronary syndrome, 
which was ruled out with a coronary angiography. Echocar-
diography showed left ventricular hypertrophy and CMR 
revealed typical CA findings, such as abnormal gadolinium 
kinetics, myocardial late gadolinium enhancement “zebra” 
pattern and increased extracellular volume [17] (Fig. 2). Fat 
pad biopsy was performed, and Congo Red staining was neg-
ative for amyloid deposits. Therefore, amyloidosis diagnosis 
was (erroneously) excluded, and the patient was discharged. 
Three months later, he was admitted for heart failure. Serum 
FLC lambda were elevated (sFLC lambda 780 mg/L, dFLC 
764, k/λ ratio 0.02), so were the cardiac biomarkers (hs-cTnI 
1336 ng/L, NT-proBNP 35000 ng/L). With this finding, fat 
pat biopsy was repeated, and it resulted positive for Congo 
red staining (subsequently typed as lambda-type AL amy-
loid); bone marrow biopsy was also performed with docu-
mentation of 9% plasma cells. Based on cardiac imaging, 
clinical presentation, and overall laboratory testing (with 
24-h urine protein > 0.5 g/day), a diagnosis of AL amyloi-
dosis with cardiac, renal, and neurological involvement was 
achieved and specific therapy was initiated, though inef-
fective in preventing disease progression and death of the 
patient a few weeks later.
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Congo red staining is not enough to start aggressive 
and potentially hazardous chemotherapy

Seventy-one-year-old man, with previous history of 
bilateral carpal tunnel syndrome, biceps tendon rupture, 
IgA kappa MGUS and left ventricular hypertrophy on 
echocardiography for 3 years. He was hospitalized for 
heart failure; a CMR was suggestive for infiltrative car-
diomyopathy and a subsequent bone scintigraphy showed 
mild cardiac uptake (Perugini grade 1 [18]). Following 
laboratory investigations, fat pad biopsy was performed, 
and amyloid was detected on Congo red staining. Bone 
marrow aspirate showed 11% of plasma cells infiltration 
and AL-CA was (erroneously) diagnosed; the patient was 
sent to the closest CA center for specific chemotherapy. 
However, fat pad biopsy specimen was re-analyzed with 
immunogold electron microscopy and transthyretin was 
identified as the amyloid fibrils precursor (Fig. 3). Spe-
cific treatment with transthyretin stabilizer was initiated 
accordingly.

Discussion

Recent international Consensus Documents [1, 5] and 
Guidelines [19, 20] have underlined the possibility of non-
invasive diagnostic algorithms for ATTR-CA in selected 
patients. However, every physician dealing with suspected 
CA should keep in mind that the time-sensitive matter in 
the diagnostic algorithm is the exclusion of AL amyloido-
sis, since diagnostic delay of this condition can result in 
treatment inefficacy and early patients’ death. Both the 
European and the American Consensus Statements [1, 5] 
underscore the need for laboratory hematological investiga-
tions together with  99mtechnetium-labelled bone scintigra-
phy, and tissue biopsy if necessary, to achieve a definitive 
diagnosis. Furthermore, in the American Heart Association 
Scientific Statement [5] and in the more recent American 
Heart Failure Guidelines [19], the diagnostic algorithm for 
suspected CA depicts as the first step the search for a mono-
clonal component. Only after, or together with, the exclu-
sion of a monoclonal component (with sFLC measurement 

Fig. 1  AL amyloidosis with cardiac involvement and negative 
 99mtechnetium-labelled bone scintigraphy. Panel A: 12-lead elec-
trocardiogram showing sinus rhythm, low peripheral QRS voltages, 
and anterior pseudo necrosis; panel B: echocardiographic findings; 
left panel, apical four chamber view with biventricular hypertrophy 
and thickened mitral and tricuspid valves leaflets; right upper panel, 

restrictive left ventricular filling pattern; right lower panel, reduced 
global longitudinal strain with apical sparing pattern; panel C: bone 
scintigraphy with 99mTc-Hydroxymethylene diphosphonate (HMDP) 
showing no cardiac uptake; panel D: fat pad biopsy positive for 
Congo red staining and, in the smaller panel, immunoreactivity for 
lambda light chain at immunogold electron microscopy
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and serum and urine protein electrophoresis with immuno-
fixation), bone scintigraphy or CMR can be performed and 
interpreted to achieve the final diagnosis. This is to further 
stress that, while both laboratory investigations and bone 
scintigraphy might be necessary for a definitive diagnosis, 
there should not be any delay or indecision in ruling out 
AL amyloidosis. Through the presentation of three clini-
cal cases, we report here important errors in the diagnostic 
process of CA, to raise awareness of the diagnostic pitfalls 
that can be encountered when dealing with these patients. 
The three clinical cases were not particularly challenging 
from a diagnostic standpoint, but some crucial steps in the 
diagnostic algorithm were misinterpreted or not completely 
executed, leading to diagnostic delay or misdiagnosis.

As underlined in the first tragic clinical case report, 
patients with AL-CA most frequently show no or mild 
(grade 1) uptake at bone scintigraphy [21] (Fig. 1). In the 
presence of echocardiographic and/or CMR findings sug-
gestive of CA, a bone scintigraphy with no or mild (grade 
1) cardiac uptake should be carefully interpreted together 
with exhaustive hematological investigations, and it should 
prompt clinicians to suspect AL-CA. More rarely, also 
patients with ATTR-CA can present with mild or no cardiac 
uptake at bone scintigraphy for different reasons, including 
early disease stage or certain transthyretin mutations like 
Phe64Leu and Val30Met [22, 23]. Importantly, on the other 
hand, it should be kept in mind that up to 20% of patients 
with AL-CA can show grade 2 or 3 radiotracer uptake [2, 
24, 25], underlying the need for thorough hematological 
investigations in every patient with suspected CA. In any 
case, the execution of bone scintigraphy should not delay the 
laboratory investigations necessary to rule out the presence 
of a monoclonal component.

Histological demonstration of AL-type amyloid deposits 
is necessary in any case of suspected AL amyloidosis [1] 
(Fig. 2). Importantly, it should be reminded that the sen-
sitivity of Congo Red staining for AL amyloidosis differs 
significantly based on specimen source, e.g., 69% sensitivity 
for bone marrow biopsy, 75% for fat pad aspiration, 100% for 
heart biopsy [26]. Thus, negative results of peripheral biopsy 
should not rule out AL diagnosis, especially if pre-test prob-
ability is high, as pointed out in the second case report.

Moreover, typing of amyloid deposits with mass spec-
trometry, immunohistochemistry, or immunoelectron 
microscopy remains essential [1, 5] (Fig. 3). In the third 
clinical case, while the patient was referred for suspected 
AL-CA, amyloid fibrils typing with adequate techniques 
revealed ATTR deposits and the patient is now being treated 
for this condition together with a rigorous hematological 
follow-up. In case of cardiac uptake at bone scintigraphy and 
at least one abnormal monoclonal protein test, histological 
confirmation with amyloid typing is recommended, usually 
with endomyocardial biopsy [1]. In this specific clinical 
case, after evidence of ATTR deposits at fat pad immuno-
gold electron microscopy, we decided to proceed with close 
hematological and cardiological follow-up and to avoid for 
now an invasive procedure such as endomyocardial biopsy, 
also considering patient’s informed preference. It should be 
remembered, however, that cases of two concomitant types 
of CA, although rare, have been reported with evidence at 
heart biopsy of both ATTR and AL as the main amyloi-
dogenic proteins in the sample [27, 28]. Therefore, endo-
myocardial biopsy should be considered and performed in 
selected cases [1] to achieve a definitive diagnosis.

Even though all the investigations mentioned herein are 
necessary for a correct diagnosis, the first essential step to 
diagnose AL-CA is disease suspicion. Several red flags can 
be helpful in suspecting the disease [1], keeping in mind that 
such a systemic and multiorgan disease requires a general 
and comprehensive approach [29]. Some red flags can be 
detected both in ATTR-CA and in AL-CA, whilst some clin-
ical characteristics can be taken into consideration during the 
differential diagnosis amongst different amyloidosis forms 
[1, 5]. Patients with AL amyloidosis are usually younger 
than ATTRwt patients, even though this is not always the 
case for ATTRv [30]. Both AL- and ATTR-CA patients can 
present with heart failure with preserved ejection fraction, 
right-side heart failure, atrial arrhythmias, and “cured” sys-
temic hypertension. Patients with AL amyloidosis usually 
manifest also debilitating systemic symptoms for which they 
might be referred to various physicians; symptoms might 
include weight loss, malaise, periorbital purpura and mac-
roglossia together with renal and gastrointestinal involve-
ment, peripheral neuropathy and/or autonomic dysfunction. 
Regarding electrocardiography [31], low QRS voltages are a 
frequent feature of CA, although more common in AL-CA 
[30, 32], probably due to a higher myocardial cytotoxicity 
of light chains. At echocardiography, LVH is usually more 
evident in ATTR-CA patients, occurring in AL-CA patients 
in more advanced clinical stages [30].

Cardiac biomarkers can be useful in the diagnostic 
assessment of AL-CA. Besides its role in the screening 
of patients with MGUS and multiple myeloma, an NT-
proBNP > 332 ng/L (in the absence of renal failure and 
atrial fibrillation) is indicative of cardiac involvement in 

Fig. 2  AL amyloidosis with cardiac involvement: electrocardio-
graphic, CMR and histological findings. Panel A: 12-lead electro-
cardiogram with low peripheral QRS voltages; panel B: CMR four 
chamber view image showing biventricular and atrial diffuse late 
gadolinium enhancement; panel C: CMR midventricular short-axis 
extracellular volume mapping image demonstrating increased values 
(48%), indicating relevant myocardial infiltration; panel D: abdomi-
nal fat pad biopsy showing fluorescence at thioflavin staining focally; 
panel E: electron micrograph showing immunoreactivity for lambda 
light chain of amyloid fibrils, as demonstrated by a post-embedding 
immunogold method in keeping with light-chain amyloidosis (magni-
fication × 20.0 K)

◂
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established AL amyloidosis when mean LV wall thickness 
at echocardiography is > 12 mm [13]. Recent data sug-
gest that a combination of very low hs-cTnT (< 14 ng/L) 
and NT-proBNP (< 180 ng/L) can be useful in identify-
ing patients at low risk for CA, whilst hs-cTnT > 86 ng/L 
could be relevant to spot those with high probability of 
the disease [33].

Prognostically, the severity of cardiac involvement 
[34], together with the depth and rapidity of hematological 
response to chemotherapy [35], are the main determinants of 
survival. Staging systems for AL-CA are available, based on 
cardiac biomarkers (cTn and natriuretic peptides) and sFLC 
values [11, 36].

Treatment of AL amyloidosis aims to reduce the pro-
duction of amyloidogenic light chains by suppressing the 
underlying plasma cell clone; treatment regimen should be 
risk-adapted and depends on the degree of organ involve-
ment, the performance status, age, and bone marrow find-
ings [37]. Based on their risk, patients can be candidate to 
autologous stem cell transplant as part of the upfront therapy 
(with only 20% of newly diagnosed patients eligible for this 
treatment), or combination chemotherapy without stem cell 
transplant. Several effective chemotherapy regimens are 
nowadays available, as reported in the most recent Guide-
lines [37] and whose complete description is beyond the 
scope of this manuscript.

The role of the Cardiologists and the CA experts in the 
diagnostic and therapeutical process of AL-CA is certainly 
critical. However, patients with suspected CA might be 
evaluated first by other Clinicians, with the need of a wide-
spread awareness of amyloidosis red flags [1, 5] and of the 
first, essential steps of the diagnostic algorithm that should 
be performed without delay and without uncertainties. Par-
ticularly, early diagnosis of AL amyloidosis among patients 
with the overmentioned systemic symptoms and/or with new 
onset heart failure/unexplained left ventricular hypertrophy 
is a game changer in the management of these individuals. A 
systematic and holistic approach is crucial to correctly iden-
tify and address the multiorgan impairment typical of this 
disease. A prompt diagnosis when the disease is at an early 
stage and the patient is in good clinical conditions (low-
risk patients) can allow for a more aggressive and effective 
treatment, including autologous stem cell transplant [37]. 
A multidisciplinary counselling team including Hematolo-
gists and Pathologists will be then necessary for a correct 
interpretation of the investigations performed and to achieve 
the final diagnosis [10].

In conclusion, AL amyloidosis is a medical urgency that 
requires early diagnosis and specific treatment. Therefore, 
early suspicion of this condition and a correct diagnostic 
process is crucial for a quick referral to tertiary centers 
for guidelines-directed management and treatment. Some 

Fig. 3  Pearls for non-experts dealing with suspected cardiac amyloi-
dosis: a focus on light-chain amyloidosis (AL). AL light chain amy-
loidosis, HF heart failure, LVH left ventricular hypertrophy, GI gas-

trointestinal, GU genitourinary, s-FLC serum free light chain, ATTR  
transthyretin amyloidosis. *Congo red staining; #immunogold elec-
tron microscopy. AL amyloidosis fat pad biopsy as in Fig. 1
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pitfalls in the diagnostic algorithm of this peculiar disease 
should be kept in mind and avoided to reduce diagnostic 
delay and improve patients’ outcome.

Acknowledgements The authors gratefully acknowledge the precious 
work of Dr. Mila Della Barbera and her contribution in the preparation 
of the figures.

Funding Open access funding provided by Università degli Studi di 
Padova within the CRUI-CARE Agreement. No other funding.

Declarations 

Conflict of interest Dr Cipriani received Research Grant from Pfizer 
Inc. The other authors declare that they have no conflict of interest.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

 1. Garcia-Pavia P, Rapezzi C, Adler Y et al (2021) Diagnosis and 
treatment of cardiac amyloidosis: a position statement of the 
ESC Working Group on Myocardial and Pericardial Diseases. 
Eur Heart J 42(16):1554–1568. https:// doi. org/ 10. 1093/ eurhe artj/ 
ehab0 72

 2. Gillmore JD, Maurer MS, Falk RH et  al (2016) Nonbiopsy 
diagnosis of cardiac transthyretin amyloidosis. Circulation 
133(24):2404–2412. https:// doi. org/ 10. 1161/ CIRCU LATIO 
NAHA. 116. 021612

 3. Palladini G, Milani P, Merlini G (2020) Management of AL amy-
loidosis in 2020. Blood 136(23):2620–2627. https:// doi. org/ 10. 
1182/ blood. 20200 06913

 4. Maurer MS, Schwartz JH, Gundapaneni B et al (2018) Tafamidis 
treatment for patients with transthyretin amyloid cardiomyopa-
thy. N Engl J Med 379(11):1007–1016. https:// doi. org/ 10. 1056/ 
NEJMo a1805 689

 5. Kittleson MM, Maurer MS, Ambardekar AV et al (2020) Cardiac 
amyloidosis: evolving diagnosis and management: a scientific 
statement from the American Heart Association. Circulation. 
https:// doi. org/ 10. 1161/ CIR. 00000 00000 000792

 6. Porcari A, Fontana M, Gillmore JD (2023) Transthyretin cardiac 
amyloidosis. Cardiovasc Res 118(18):3517–3535. https:// doi. org/ 
10. 1093/ cvr/ cvac1 19

 7. Wechalekar AD, Fontana M, Quarta CC, Liedtke M (2022) AL 
amyloidosis for cardiologists. JACC: CardioOncology 4(4):427–
441. https:// doi. org/ 10. 1016/j. jaccao. 2022. 08. 009

 8. Witteles RM, Liedtke M (2019) AL amyloidosis for the cardiolo-
gist and oncologist. JACC: CardioOncology 1(1):117–130. https:// 
doi. org/ 10. 1016/j. jaccao. 2019. 08. 002

 9. Merlini G, Dispenzieri A, Sanchorawala V et al (2018) Systemic 
immunoglobulin light chain amyloidosis. Nat Rev Dis Primers 
4(1):38. https:// doi. org/ 10. 1038/ s41572- 018- 0034-3

 10. Witteles RM, Liedtke M (2021) Avoiding catastrophe: understand-
ing free light chain testing in the evaluation of ATTR amyloidosis. 
Circ: Heart Failure. https:// doi. org/ 10. 1161/ CIRCH EARTF AIL-
URE. 120. 008225

 11. Muchtar E, Kumar SK, Gertz MA et al (2019) Staging systems 
use for risk stratification of systemic amyloidosis in the era of 
high-sensitivity troponin T assay. Blood 133(7):763–766. https:// 
doi. org/ 10. 1182/ blood- 2018- 10- 875252

 12. Dispenzieri A, Gertz MA, Kyle RA et al (2004) Serum cardiac 
troponins and N-terminal pro-brain natriuretic peptide: a staging 
system for primary systemic amyloidosis. JCO 22(18):3751–3757. 
https:// doi. org/ 10. 1200/ JCO. 2004. 03. 029

 13. Grogan M, Dispenzieri A, Gertz MA (2017) Light-chain cardiac 
amyloidosis: strategies to promote early diagnosis and cardiac 
response. Heart 103(14):1065–1072. https:// doi. org/ 10. 1136/ 
heart jnl- 2016- 310704

 14. Bhatti S, Watts E, Syed F et al (2016) Clinical and prognostic 
utility of cardiovascular magnetic resonance imaging in mye-
loma patients with suspected cardiac amyloidosis. Eur Heart 
J Cardiovasc Imaging 17(9):970–977. https:// doi. org/ 10. 1093/ 
ehjci/ jew101

 15. Lousada I, Comenzo RL, Landau H, Guthrie S, Merlini G 
(2015) Light chain amyloidosis: patient experience survey from 
the amyloidosis research consortium. Adv Ther 32(10):920–
928. https:// doi. org/ 10. 1007/ s12325- 015- 0250-0

 16. Phelan D, Collier P, Thavendiranathan P et al (2012) Relative 
apical sparing of longitudinal strain using two-dimensional 
speckle-tracking echocardiography is both sensitive and specific 
for the diagnosis of cardiac amyloidosis. Heart 98(19):1442–
1448. https:// doi. org/ 10. 1136/ heart jnl- 2012- 302353

 17. Barison A, Aquaro GD, Pugliese NR et al (2015) Measure-
ment of myocardial amyloid deposition in systemic amyloido-
sis: insights from cardiovascular magnetic resonance imaging. J 
Intern Med 277(5):605–614. https:// doi. org/ 10. 1111/ joim. 12324

 18. Perugini E, Guidalotti PL, Salvi F et al (2005) Noninvasive 
etiologic diagnosis of cardiac amyloidosis using 99m Tc-3,3-di-
phosphono-1,2-propanodicarboxylic acid scintigraphy. J Am 
Coll Cardiol 46(6):1076–1084. https:// doi. org/ 10. 1016/j. jacc. 
2005. 05. 073

 19. Heidenreich PA, Bozkurt B, Aguilar D et al (2022) AHA/ACC/
HFSA Guideline for the Management of Heart Failure: A Report 
of the American College of Cardiology/American Heart Associa-
tion Joint Committee on Clinical Practice Guidelines. Circulation. 
https:// doi. org/ 10. 1161/ CIR. 00000 00000 001063

 20. McDonagh TA, Metra M, Adamo M et al (2021) 2021 ESC Guide-
lines for the diagnosis and treatment of acute and chronic heart 
failure. Eur Heart J 42(36):3599–3726. https:// doi. org/ 10. 1093/ 
eurhe artj/ ehab3 68

 21. Rauf MU, Hawkins PN, Cappelli F et al (2023) Tc-99m labelled 
bone scintigraphy in suspected cardiac amyloidosis. Eur Heart J. 
https:// doi. org/ 10. 1093/ eurhe artj/ ehad1 39

 22. Musumeci MB, Cappelli F, Russo D et al (2020) Low sensitiv-
ity of bone scintigraphy in detecting Phe64Leu mutation-related 
transthyretin cardiac amyloidosis. JACC: Cardiovasc Imaging 
13(6):1314–1321. https:// doi. org/ 10. 1016/j. jcmg. 2019. 10. 015

 23. Hanna M, Ruberg FL, Maurer MS et al (2020) Cardiac scintigra-
phy with technetium-99m-labeled bone-seeking tracers for sus-
pected amyloidosis. J Am Coll Cardiol 75(22):2851–2862. https:// 
doi. org/ 10. 1016/j. jacc. 2020. 04. 022

 24. Ioannou A, Patel RK, Razvi Y et al (2022) Multi-imaging charac-
terization of cardiac phenotype in different types of amyloidosis. 
JACC: Cardiovasc Imaging. https:// doi. org/ 10. 1016/j. jcmg. 2022. 
07. 008

 25. Dorbala S, Ando Y, Bokhari S et al (2019) ASNC/AHA/ASE/
EANM/HFSA/ISA/SCMR/SNMMI expert consensus recommen-
dations for multimodality imaging in cardiac amyloidosis: Part 

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1093/eurheartj/ehab072
https://doi.org/10.1093/eurheartj/ehab072
https://doi.org/10.1161/CIRCULATIONAHA.116.021612
https://doi.org/10.1161/CIRCULATIONAHA.116.021612
https://doi.org/10.1182/blood.2020006913
https://doi.org/10.1182/blood.2020006913
https://doi.org/10.1056/NEJMoa1805689
https://doi.org/10.1056/NEJMoa1805689
https://doi.org/10.1161/CIR.0000000000000792
https://doi.org/10.1093/cvr/cvac119
https://doi.org/10.1093/cvr/cvac119
https://doi.org/10.1016/j.jaccao.2022.08.009
https://doi.org/10.1016/j.jaccao.2019.08.002
https://doi.org/10.1016/j.jaccao.2019.08.002
https://doi.org/10.1038/s41572-018-0034-3
https://doi.org/10.1161/CIRCHEARTFAILURE.120.008225
https://doi.org/10.1161/CIRCHEARTFAILURE.120.008225
https://doi.org/10.1182/blood-2018-10-875252
https://doi.org/10.1182/blood-2018-10-875252
https://doi.org/10.1200/JCO.2004.03.029
https://doi.org/10.1136/heartjnl-2016-310704
https://doi.org/10.1136/heartjnl-2016-310704
https://doi.org/10.1093/ehjci/jew101
https://doi.org/10.1093/ehjci/jew101
https://doi.org/10.1007/s12325-015-0250-0
https://doi.org/10.1136/heartjnl-2012-302353
https://doi.org/10.1111/joim.12324
https://doi.org/10.1016/j.jacc.2005.05.073
https://doi.org/10.1016/j.jacc.2005.05.073
https://doi.org/10.1161/CIR.0000000000001063
https://doi.org/10.1093/eurheartj/ehab368
https://doi.org/10.1093/eurheartj/ehab368
https://doi.org/10.1093/eurheartj/ehad139
https://doi.org/10.1016/j.jcmg.2019.10.015
https://doi.org/10.1016/j.jacc.2020.04.022
https://doi.org/10.1016/j.jacc.2020.04.022
https://doi.org/10.1016/j.jcmg.2022.07.008
https://doi.org/10.1016/j.jcmg.2022.07.008


1886 Internal and Emergency Medicine (2023) 18:1879–1886

1 3

1 of 2—evidence base and standardized methods of imaging. J 
Cardiac Fail 25(11):e1–e39. https:// doi. org/ 10. 1016/j. cardf ail. 
2019. 08. 001

 26. Muchtar E, Dispenzieri A, Lacy MQ et al (2017) Overuse of organ 
biopsies in immunoglobulin light chain amyloidosis (AL): the 
consequence of failure of early recognition. Ann Med 49(7):545–
551. https:// doi. org/ 10. 1080/ 07853 890. 2017. 13046 49

 27. Donnelly JP, Gabrovsek A, Sul L et al (2020) Evidence of concur-
rent light chain and transthyretin cardiac amyloidosis in 2 patients. 
JACC: CardioOncology 2(1):127–130. https:// doi. org/ 10. 1016/j. 
jaccao. 2020. 01. 001

 28. Sidiqi MH, McPhail ED, Theis JD et al (2019) Two types of amy-
loidosis presenting in a single patient: a case series. Blood Cancer 
J 9(3):30. https:// doi. org/ 10. 1038/ s41408- 019- 0193-9

 29. Perfetto F, Cappelli F, Bergesio F et al (2013) Cardiac amyloi-
dosis: the heart of the matter. Intern Emerg Med 8(3):191–203. 
https:// doi. org/ 10. 1007/ s11739- 011- 0647-y

 30. Rapezzi C, Merlini G, Quarta CC et al (2009) Systemic cardiac 
amyloidoses: disease profiles and clinical courses of the 3 main 
types. Circulation 120(13):1203–1212. https:// doi. org/ 10. 1161/ 
CIRCU LATIO NAHA. 108. 843334

 31. Martini N, Sinigiani G, De Michieli L et al (2023) Electrocar-
diographic features and rhythm disorders in cardiac amyloidosis. 
Trends Cardiovasc Med. https:// doi. org/ 10. 1016/j. tcm. 2023. 02. 
006

 32. Cipriani A, De Michieli L, Porcari A et al (2022) Low QRS volt-
ages in cardiac amyloidosis. JACC: CardioOncology 4(4):458–
470. https:// doi. org/ 10. 1016/j. jaccao. 2022. 08. 007

 33. Vergaro G, Castiglione V, Aimo A et al (2023) N-terminal pro-
B-type natriuretic peptide and h igh-sensitivity troponin T hold 
diagnostic value in cardiac amyloidosis. Eur J Heart Fail. https:// 
doi. org/ 10. 1002/ ejhf. 2769

 34. Kumar S, Dispenzieri A, Lacy MQ et al (2012) Revised prog-
nostic staging system for light chain amyloidosis incorporating 
cardiac biomarkers and serum free light chain measurements. JCO 
30(9):989–995. https:// doi. org/ 10. 1200/ JCO. 2011. 38. 5724

 35. Ravichandran S, Cohen OC, Law S et al (2021) Impact of early 
response on outcomes in AL amyloidosis following treatment with 
frontline Bortezomib. Blood Cancer J 11(6):118. https:// doi. org/ 
10. 1038/ s41408- 021- 00510-7

 36. Perfetto F, Zampieri M, Fumagalli C, Allinovi M, Cappelli F 
(2022) Circulating biomarkers in diagnosis and management of 
cardiac amyloidosis: a review for internist. Intern Emerg Med 
17(4):957–969. https:// doi. org/ 10. 1007/ s11739- 022- 02958-2

 37. Wechalekar AD, Cibeira MT, Gibbs SD et al (2023) Guidelines for 
non-transplant chemotherapy for treatment of systemic AL amy-
loidosis: EHA-ISA working group. Amyloid 30(1):3–17. https:// 
doi. org/ 10. 1080/ 13506 129. 2022. 20936 35

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1016/j.cardfail.2019.08.001
https://doi.org/10.1016/j.cardfail.2019.08.001
https://doi.org/10.1080/07853890.2017.1304649
https://doi.org/10.1016/j.jaccao.2020.01.001
https://doi.org/10.1016/j.jaccao.2020.01.001
https://doi.org/10.1038/s41408-019-0193-9
https://doi.org/10.1007/s11739-011-0647-y
https://doi.org/10.1161/CIRCULATIONAHA.108.843334
https://doi.org/10.1161/CIRCULATIONAHA.108.843334
https://doi.org/10.1016/j.tcm.2023.02.006
https://doi.org/10.1016/j.tcm.2023.02.006
https://doi.org/10.1016/j.jaccao.2022.08.007
https://doi.org/10.1002/ejhf.2769
https://doi.org/10.1002/ejhf.2769
https://doi.org/10.1200/JCO.2011.38.5724
https://doi.org/10.1038/s41408-021-00510-7
https://doi.org/10.1038/s41408-021-00510-7
https://doi.org/10.1007/s11739-022-02958-2
https://doi.org/10.1080/13506129.2022.2093635
https://doi.org/10.1080/13506129.2022.2093635

	Light-chain cardiac amyloidosis for the non-expert: pearls and pitfalls
	Abstract
	Introduction
	Case reports
	A negative bone scintigraphy does not exclude cardiac amyloidosis
	Fat pad biopsy does not have a 100% sensitivity for systemic amyloidosis, and life-saving therapies cannot be precluded just based on this finding
	Congo red staining is not enough to start aggressive and potentially hazardous chemotherapy

	Discussion
	Acknowledgements 
	References




