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Cardiac amyloidosis is frequently misdiagnosed, denying patients the opportunity for
timely and appropriate management of the disease. The purpose of this review and
case studies is to raise awareness of the diagnostic “red flags” associated with cardiac
amyloidosis and the currently available non-invasive strategies for diagnosis. The review
focuses on the identification of one of the two main types of cardiac amyloidosis,
transthyretin amyloid cardiomyopathy, and non-invasive tools to distinguish this from
light-chain amyloidosis. A diagnostic algorithm centered around the use of non-invasive
imaging and laboratory analysis is presented. The algorithm generates four differential
diagnoses for patients presenting with signs and symptoms consistent with cardiac
amyloidosis. Case examples are presented, representing the four potential outcomes
of diagnosis using the algorithm. The review provides a guide on how to recognize the
often-overlooked presentations of this disease in clinical practice. Non-invasive imaging
technigues and diagnostic tools that do not require the involvement of a specialty center
have allowed for the improved diagnosis of cardiac amyloidosis. Timely diagnosis of
this life-threatening disease is essential for optimal management and it is imperative that
clinicians have a high index of suspicion for patients presenting with “red flag” symptoms.

Keywords: amyloidosis, ATTR, transthyretin amyloid cardiomyopathy, immunoglobulin light chain amyloidosis,
differential diagnosis

INTRODUCTION

Amyloidosis is a multisystem, progressive and life-threating disorder caused by the deposition of
misfolded fibrillar proteins that form insoluble amyloid fibrils in the extracellular matrix of various
organs including the heart (cardiac amyloidosis), peripheral and autonomic nervous system, soft
tissues as well as kidneys and gastrointestinal (GI) tract (1-4).

Amyloidosis presents a clinical challenge for clinicians, from initial suspicion to identifying the
type of amyloidosis due to the complex multisystem manifestations of the disease. Patients may
initially present to clinicians in multiple specialties who are highly focused in siloed disciplines (5).
The diagnosis is equally challenging since it requires diagnostic tests more familiar to hematologists
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Sabbour et al. Diagnosing Cardiac Amyloidosis

FIGURE 3 | ECG (A) showing sinus rhythm with L\VH and a borderline prolonged QT interval. Echocardiogram (B) showing moderate concentric LVH, moderate to
severe biatrial enlargement and mild RV enlargement. ECG, electrocardiogram; LVH, left ventricular hypertrophy; RV, right ventricular.

microglobulin was high at 4.91 mg/dL. Urine immunofixation =~ e Bone marrow biopsy revealed mild
was normal. Serum free kappa light chain level was 152.26 plasmacytosis (<3%) and negative amyloid
mg/L, free lambda light chain levels were 36.54 mg/L, staining. The findings were consistent
and the serum kappa/lambda ratio was 4.17. Marked with MGUS.
elevation of the free light chain kappa/lambda ratio e A fat pad biopsy was negative for Congo
was noted. red staining.
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FIGURE 4 | Cardiac MRI (A,B) showing biatrial enlargement without evidence of infiltrative disease. Planar bone scintigraphy (**™Tc-PYP) at 1h (C) and 3h (D)
showing myocardial PYP uptake greater than rib uptake (grade 3) via semi-quantitative assessment—strongly suggestive of ATTR-CM. SPECT scan (E) at 1h
showing no blood pool. M Te-PYP, ©Mtechnetium-labeled pyrophosphate; ATTR-CM, transthyretin amyloid cardiomyopathy; MRI, magnetic resonance imaging; PYP,
pyrophosphate; SPECT, single-photon emission computed tomography.
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FIGURE 5 | Bilateral heliotrope rash (A) Spontaneous subconjunctival ecchymosis (B).

Diagnosis
These findings were highly suggestive of ATTR-CM associated
with MGUS.

Clinical Clues and Potential Pitfalls

MGUS is common in the elderly population, with a prevalence of
5.3% in persons aged >70 years (42). In this situation, an invasive
biopsy to establish tissue diagnosis is mandatory.

Case 2: AL Amyloidosis (A Is Positive and B Is
Negative)

Presentation

A 38-year-old woman with a history of back pain and bilateral
carpal tunnel syndrome presented to the emergency department
after a vasovagal spell. She reported experiencing chronic fatigue
during the previous few months but denied a history of chest
pain or shortness of breath. She experienced epigastric pain,
constipation, weight loss and was anemic; iron studies were
normal as were B12 and vitamin D. She experienced dizziness,
macroglossia, a hoarse voice and bleeding spots around her
eyes (heliotrope rash) (Figures5A,B)—a “red flag” for AL
amyloidosis, hence AL amyloidosis diagnosis was suggested.
Her dizziness subsequently worsened, and she experienced

abdominal pain, syncope, hypotension with worsening anemia
and more frequent periorbital ecchymosis and bilateral
subconjunctival hemorrhage. The patient was unable to
tolerate the lowest dose of angiotensin-converting-enzyme
inhibitors due to orthostasis and hypotension with syncope,
indicating an intolerance to guideline-directed medication
for heart failure. Subsequent developments included loss of
consciousness with tingling in her left arm but no evidence of
cerebrovascular accident. She had edema and fluid overload and
required diuretics.

Investigations

e Laboratory work-up revealed markedly elevated troponin
(0.074 pg/L) and NT proBNP levels (1,556 ng/L); however,
the patient did not exhibit signs of heart failure. Microcytic
hypochromic anemia with hemoglobin 92 g/L and a
hematocrit of 29%. Serum free kappa light chain titer was
7.93 mg/L; free lambda light chain titer was 1,217 mg/L;
kappa-lambda ratio was 0.01. Serum immunofixation showed
two separate bands of free lambda light chain specificity and
urine immunofixation demonstrated free lambda light chain.
All three measures of light chain were highly abnormal.

e Blood pressure was 88-92/50-54 mmHg.
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FIGURE 6 | ECG (A) showing low voltage particularly in the limb leads (blue arrow), atrial premature contraction, sinus rhythm, and poor R-wave progression across

the anterior precordial leads. Low voltage discordant with marked LVH. Echocardiogram (B) demonstrating concentric LVH, EF of 50% and left atrial enlargement.

End-systolic longitudinal strain (C) showing markedly reduced global longitudinal strain pattern —11.8 with apical sparing. Cardiac MRI (+gadolinium) (D,E) revealing
(Continued)
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FIGURE 6 | patchy late gadolinium enhancement of mid myocardial lateral wall base, inferior interventricular groove from base to mid ventricle and epicardial
enhancement of the lateral wall, septal epicardial enhancement. Epicardial enhancement of entire RV free wall from base to apex. Cardiac MRI T1 mapping (F)
showing mildly increased T1 value of left ventricle. Bone scintigraphy (**™Tc-PYP) planar 3-h scan (G) had Grade 0 uptake—not suggestive of ATTR. ATTR,
transthyretin amyloidosis; ECG, electrocardiogram; EF, ejection fraction; LVH, left ventricular hypertrophy; MRI; magnetic resonance imaging; RV, right ventricular;

TTR, transthyretin.

e ECG revealed sinus tachycardia and marked diffuse low
voltage discordant with marked LVH on echocardiogram
(Figure 6A).

e Bone marrow biopsy confirmed 25% monoclonal plasma
cells with lambda light chain immunoglobulins. Bone
marrow biopsy was Congo red negative with no evidence
of amyloid.

e Skin biopsy showed positive Congo red stain consistent with
amyloidosis cutis and fat pad biopsy also confirmed the
presence of amyloidosis.

e An echocardiogram revealed mild concentric LVH with a
normal EF of 54% (Figure 6B). The left ventricular (LV) wall
showed increased echogenicity.

e Strain echocardiography revealed a decreased global
longitudinal strain pattern (GLS-11.8) with relative apical
sparing that was highly suggestive of cardiac amyloidosis
(Figure 6C).

e Cardiac MRI revealed patchy late gadolinium enhancement
of fusiform mid-myocardial lateral wall base, enhancement
of the inferior interventricular groove from base to mid
ventricle, and epicardial enhancement of the lateral wall,
epicardial RV free wall, and septal epicardial enhancement
consistent with myocarditis. Mildly increased T1 value and
extracellular volume (ECV) of the LV suggestive of mild
myocardial edema (Figures 6D-F). From these imaging
results, differential diagnoses include infiltrative disease and
myocarditis. However, given the patient had LVH, diagnosis
of infiltrative cardiomyopathy was highly suggestive.

o Increased ECV on T1 mapping is highly suspicious of AL
with cardiac involvement in the setting of LVH and elevated
light chains; the myocarditis was a misdiagnosis.

o AL protein deposition is highly toxic to the myocardium
particularly at high titers and likely caused appearance of
increased edema.

e Bone scintigraphy (**™Tc-PYP) had a Grade 0 uptake—
-not suggestive of TTR amyloidosis (Figure 6G). Of
note, in patients with AL amyloidosis the PYP scan is
typically negative. The patient’s presentation along with this
finding should prompt an aggressive work up and bone
marrow biopsy.

Diagnosis
AL systemic amyloidosis secondary to light chain myeloma with
cardiac involvement.

Clinical Clues and Potential Pitfalls

This case highlights the need to integrate the clinical and
potentially conflicting diagnostic modalities to establish the
correct diagnosis. A typical clinical clue to the diagnosis of AL
amyloidosis is the discordance between the negative PYP scan
and the echocardiogram showing biventricular hypertrophy and
GLS showing apical sparing pattern. It should be emphasized that

in patients with AL amyloidosis the PYP scan is typically negative
or low-grade uptake and clinicians should also be aware that the
cardiac MRI may be misinterpreted as myocarditis. The typical
physical findings in conjunction with abnormal light chains in a
patient with progressive heart failure and markedly elevated BNP
is highly suggestive of AL amyloidosis.

Outcome

Echocardiogram after 70 days revealed a drop in EF to 36%,
increased myocardial echogenicity, GLS of—10.7, grade III left
ventricular diastolic dysfunction and biatrial and biventricular
enlargement. After the third cycle of chemotherapy, the patient
was admitted to the hospital with worsening symptoms of
heart failure and tested COVID-19 positive. Echocardiogram
revealed an EF of 33% with a GLS of —6. NT proBNP had
increased to >5,000 ng/L. A week later the patient was readmitted
with worsening heart failure and hypokalemia and shortly after
discharging herself against medical advice experienced a sudden
cardiac arrest and died. The very rapid deterioration and fatal
outcome in this young patient demonstrates that AL amyloidosis
with cardiac involvement is a hematologic emergency.

Case 3: ATTR-CM Wild-Type (A Is Negative and B Is
Positive)

Presentation

An 88-year-old man with a long-standing history of walking
difficulties, spinal stenosis and lower limb edema was referred
to the cardiology department for pre-operative assessment for
prostate cancer surgery due to his history of heart failure,
paroxysmal atrial fibrillation and an abnormal ECG. He
underwent an extensive work-up for ischemic cardiomyopathy,
including coronary angiography. Over the following 18 months,
serial echocardiograms were conducted during which his EF
dropped progressively from 58 to 25% culminating in an
admission for new onset of atrial fibrillation and decompensated
heart failure. Due to symptomatic orthostatic hypotension,
the patient was receiving sacubitril-valsartan 50 mg twice daily
and spironolactone 12.5mg once daily and was intolerant of
guideline-directed medications for heart failure. He was seen
by the heart failure team and ATTR was suspected. Recognizing
the patient had a whole-body bone scan (ordered two years
previously by his urologist for staging of metastatic prostate
cancer) this was retrospectively reviewed revealing intense
cardiac uptake of PYP bone tracer, greater than the ribs and spine
(Grade 3) (Figure 7A) confirming the diagnosis.

Investigations

e Electromyography (EMG) was ordered by a neurologist and
revealed peripheral neuropathy, symmetrical axonal sensory
motor polyneuropathy with secondary demyelinating changes
and carpal tunnel syndrome.
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FIGURE 7 | PYP scan (A) for metastatic prostate cancer showing an incidental finding of intense myocardial uptake of bone tracer (Grade 3, black arrow), greater
than the ribs and spine and intense uptake in both wrists (black arrow) consistent with diagnosis of carpal tunnel syndrome. Lateral planar (B) and anterior planar (C)
scans demonstrate intense cardiac PYP uptake at 1 h with H/CL ratio 1.67. At 3h, lateral planar (D) and anterior planar (E) scans demonstrate intense cardiac PYP
uptake with H/CL ratio 1.77. SPECT scan (F) demonstrates intense myocardial uptake in the RV and LV free walls with no blood pool in the left ventricular cavity.
H/CL, heart to contralateral lung ratio; LV, left ventricular; PYP, pyrophosphate; RV, right ventricular; SPECT, single-photon emission computed tomography.
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A RBBB
Prolonged L
PR Interval

FIGURE 8 | ECG (A) showing low voltage QRS, first-degree atrioventricular block and conduction system abnormality with PR interval prolongation with RBBB.
Echocardiogram (B,C) revealing marked thickening of the left ventricle, right ventricle, and biatrial enlargement, and a classic speckled appearance. ECG,
electrocardiogram; QRS, Q wave, R wave, and S wave; RBBB, right bundle branch block.

An ECG revealed low voltage QRS, first-degree
atrioventricular block (despite a very thick left ventricle)
and conduction system abnormality with PR interval
prolongation (290ms) with right bundle branch block
(RBBB) (Figure 8A). Discordance of LV voltage is seen
during both atrial fibrillation and sinus rhythm.

Coronary angiography revealed 30% distal left main stenosis
and no significant epicardial coronary artery disease.

An echocardiogram revealed a left ventricular EF of 40%,
restrictive filling, and reduced global strain with apical
sparing and severe LVH (Figures 8B,C).

Laboratory work-up: Blood urea nitrogen 6.2 mmol/L,
hemoglobin 119 g/L, creatinine 86 pwmol/L, Ca 2.2 mmol/L,
troponin T 0.217 pg/L, and NT proBNP 24,288 ng/L.
Serum and urine immunofixation electrophoresis were
unremarkable. His kappa level was 51.06 mg/L, lambda
level was 29.89 mg/dL, and kappa/lambda ratio was 1.71
(up to 2.5 is considered normal in patients with renal
dysfunction [the patient had an eGFR of 59 mL/min/1.73m?]
in the setting of normal serum and urine immunofixation
electrophoresis) (31).

An abdominal fat pad biopsy was negative for Congo
red staining.

A dedicated PYP scan revealed intense cardiac PYP uptake at
1h (Figures 7B,C) and 3 h (Figures 7D,E) strongly suggestive
of ATTR-CM with a markedly elevated H/CL ratio of 1.67 at
lhand 1.77 at 3h. A SPECT scan at 1 h revealed no blood pool
(Figure 7F).

Cardiac MRI revealed difficult nulling to the myocardium
post contrast administration, diffuse delayed enhancement,
LVH, and reduced left ventricular systolic function, there are
elevated T1 and ECV values (Figure 9).

Diagnosis
Initially the patients symptoms were attributed to
possible ischemia and heart failure. Subsequent testing

confirmed ATTR-CM.

Clinical Clues and Potential Pitfalls

This case highlights that clinical findings, especially neurological
diagnoses and bone scan imaging data, in an elderly patient with
progressive heart failure symptoms, progressive LV dysfunction

Frontiers in Cardiovascular Medicine | www.frontiersin.org

13

June 2021 | Volume 8 | Article 644508


https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/cardiovascular-medicine#articles

Sabbour et al. Diagnosing Cardiac Amyloidosis

A

C

D
FIGURE 9 | Short axis delayed enhancement MRI (A) demonstrates diffuse late enhancement of the circumferential hypertrophic left ventricle in a characteristic
decreasing gradient from endocardium to epicardium (open black and white arrows). Cardiac MRI T1 mapping (B) shows increased T1 signal and ECV consistent with
infiltration. Short axis composite layout of inversion time scout imaging (C) of the left ventricle, enlarged image (D). In comparison to skeletal muscle (open white
arrow), the myocardium is difficult to null (solid white arrow) because of the lack of normal (unenhanced) myocardium. The accumulation of the amyloid protein into
which the gadolinium contrast equilibrates from the blood pool. ECV, extracellular volume; MRI, magnetic resonance imaging.
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FIGURE 10 | ECG (A) showing poor R wave progression in the anterior leads and prolonged PR interval consistent with first-degree AV block (arrow). Echocardiogram
(B-E) findings showing unexplained concentric LVH (1.4 cm) with reduced lateral E velocity (4.46 cm/s) and mitral inflow consistent with diastolic dysfunction in the
context of the ECG showing no evidence of LVH (discordance) in the absence of hypertension. ECG, electrocardiogram; LVH, left ventricular hypertrophy.
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H/CL : 2.27 H/CL : 2.09
at 1 Hour at 3 Hours

FIGURE 11 | Cardiac MRI (A,B) showing patchy contrast enhancement pattern of the myocardium involving the left ventricular lateral wall base, and mid myocardium
of the base to mid ventricle of the LV septum, and mid myocardium of the RV free wall from base to mid ventricle associated with hypertrophy. A planar PYP scan (C)
revealed intense cardiac uptake at 1h and 3h (H/CL ratio 2.27 and 2.09, respectively), with SPECT scan (D) at 1 h demonstrating tracer uptake in myocardium and
no residual LV blood pool activity. H/CL, heart to contralateral lung ratio; LV, left ventricular; MRI, magnetic resonance imaging; PYP, pyrophosphate; RV, right
ventricular; SPECT, single-photon emission computed tomography.
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with a thick ventricle, conduction system abnormality and
atrial fibrillation should be integrated to reach a diagnosis. The
presence of neurological symptoms prior to cardiac symptoms
and the patient’s elderly age is consistent with ATTRwt (26, 43).
For this patient, the late stage at diagnosis caused the infiltrative
process to progress with concomitant marked reduction in his
ejection fraction. The imaging findings demonstrated diffuse
late enhancement and failure to null. Alongside global left
ventricular dysfunction, these classic advanced stage features of
TTR amyloidosis may not be seen in earlier presentation of the
disease. Ideally the patient should be diagnosed prior to this
advanced stage, especially as the initial whole-body bone scan and
echocardiograms contained clues for ATTR-CM.

Case 4: ATTR-CM Hereditary (Mutant) (A Is Negative
and B Is Positive)

Presentation

A 55-year-old Irish American man previously living in
Boston was evaluated for palpitations, exertional dyspnea,
dizziness, vertigo, fatigue (worsening over 2 years), constipation,
generalized weakness and a 2-3-month history of weight loss.
He had severe polyneuropathy and bilateral weakness and had
experienced episodes of syncope. He also had a history of
paresthesia, orthostatic hypotension, numbness (starting with
his left leg, spreading upwards), difficulty walking, orthostatic
loss of consciousness, hoarseness of voice (starting 11 years
prior), blurred vision, diarrhea, difficulty swallowing, multiple
upper GI investigations and colonoscopies, muscular atrophy,
sensory loss, weight loss (75 pounds over 2 years), and a 2-year
history of erectile dysfunction. He had previously undergone
several orthopedic surgeries (cervical spine, shoulder, spine).
He had a strong family history of cancer and had a sibling with
coronary artery disease.

Investigations

e An ECG revealed borderline prolongation of the PR interval
(Figure 10A).

e An echocardiogram revealed a normal size left ventricle with
moderate concentric LVH (Figures 10B-E). The hypertrophy
was disproportional to age and there was discordance between
the left ventricle and absence of evidence of LVH on the
ECG. Left ventricular systolic function was normal. The right
ventricle was normal in size and systolic function. There was
evidence of myocardial or infiltrative disease.

e Cardiac MRI revealed a patchy contrast enhancement pattern
of the myocardium involving the left ventricular lateral wall
base, and mid myocardium of the base to mid ventricle of
the LV septum, and mid myocardium of the RV free wall
from base to mid ventricle associated with hypertrophy; this
pattern is highly concerning for advanced cardiac sarcoid
(Figures 11A,B).

e Laboratory work-up: Blood urea nitrogen (BUN) 5.0 mmol/L,
hemoglobin 158.0 g/L, creatinine 99.0 pmol/L, Thyroid
function test (TSH) 1.5 IU/L, troponin T 0.020 ug/L, NT
proBNP 287.7 ng/L. Serum kappa 10.50 mg/L, lambda 12.64
mg/L, Serum kappa/lambda ratio 0.83. Free serum light chain
(kappa/lambda ratio) was in the normal range showing no

evidence of AL amyloidosis. Serum and urine immunofixation
were both negative.

e A subsequent PYP scan showed radiotracer uptake strongly
suggestive of TTR cardiac amyloid (Figure 11C).

e A SPECT scan at 1h revealed markedly intense uptake in
the left ventricle myocardium with no blood pool at 1h
(Figure 11D).

e Genetic testing was subsequently undertaken at Columbia
University, USA, showing a TTR Thr60Ala mutation that is
typically seen in patients with Irish ancestry and almost always
affects the heart with polyneuropathy.

Diagnosis
The patient was diagnosed with hereditary ATTR-CM.

Clinical Clues and Potential Pitfalls

Amyloidosis can have different patterns of uptake on cardiac MRI
that may not be typical and can be confused with other infiltrative
cardiomyopathies. The differential diagnosis should always
pursue amyloidosis if there are cardiac, GI, and neurological
symptoms in a young patient. Sarcoidosis is very unlikely due to
absence of lung, lymph nodes or skin involvement. In contrast,
PYP scan is highly diagnostic.

DISCUSSION

Cardiac amyloidosis carries a significant disease burden for
patients and society particularly as this life-threatening condition
is often mis- or under-diagnosed. Recent advances in the
understanding of cardiac amyloidosis and improved diagnostic
tools mean that in the majority of cases it is now possible to
diagnose this condition early and allows treatment for ATTR-CM
to be initiated without undue delay.

This publication assembles, in an easily accessible format,
all elements that are needed for the clinical suspicion of
cardiac amyloidosis. Disease awareness itself is a major
determinant for an early diagnosis. The constellation of
clinical signs and symptoms are clearly summarized in the
“red flags” mnemonic and the diagnostic algorithm simplifies
the complicated diagnostic process. The illustrative cases
demonstrate how to search for the “red flag” clues in real-world
patient cases and how to use the diagnostic algorithm to allow
clinicians to arrive at a diagnosis of ATTR-CM. The clinical
clues and potential pitfalls of diagnosing this disease have been
highlighted in each case to provide a further learning tool.

The use of non-invasive diagnostic tools for ATTR-CM allow
clinicians to avoid endomyocardial biopsy which is an invasive
procedure that carries a risk for serious complications and
requires technical expertise (13, 34). There are instances where
endomyocardial biopsy is required to establish the diagnosis.
Firstly, when AL amyloidosis cannot be excluded; secondly,
in situations with a negative or equivocal ™Tc-PYP scan to
confirm ATTR-CM despite a high clinical suspicion, and lastly
when ™ Tc-PYP scanning is unavailable (1).

Given the availability of effective therapy for ATTR-CM and
AL amyloidosis, any delay in the diagnosis and subsequent
treatment has an impact on mortality and morbidity and should
be avoided. Where possible, family members of patients with
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hereditary ATTR-CM should be presented with the opportunity
to undergo genetic testing for early identification of ATTR-CM
to ensure early diagnosis and any subsequent treatment.

It is imperative that clinicians are vigilant when it comes
to identifying patients to screen for ATTR-CM and that they
familiarize themselves with the many clinical symptoms or “red
flags” associated with this disease.
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