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Abstract

Amyloidosis is the condition when starch-like misfolded proteins form insoluble fibrils that deposit in
tissues and cause dysfunction. Cardiac amyloidosis occurs due to the deposition of amyloid fibrils at the
cardiac level and is an important cause of heart failure. This case reveals a patient with significant heart
failure and arrhythmia, which later on turned out to be caused by cardiac amyloidosis. While regarded as a
rare disease in practice, in retrospect, there are a lot of signs and imaging indicators, particularly in
echocardiography that warrant an investigation of cardiac amyloidosis. In this case review, red flags in
echocardiography that should endorse further testing for underlying cardiac amyloidosis are highlighted.
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Introduction

The word amyloid is of Greek and Latin origins (derived from amylon and amylum, respectively) and means
starch-like. This term was co-opted from botany by Rudolf Virchow in 1854 to be used as a medical term
known today as amyloidosis [1]. In amyloidosis, starch-like precursor proteins form insoluble fibrils that get
deposited in tissues and cause dysfunction [2]. The International Society of Amyloidosis currently
recognizes 36 types of amyloidosis, all of which are attributed to their corresponding underlying
amyloidogenic precursor [3].

Cardiac amyloidosis (CA) is a progressive infiltrative disease that occurs due to the deposition of amyloid
fibrils at the cardiac level [4]. Two forms of CA most commonly affect the heart: light-chain cardiac
amyloidosis (AL-CA) and transthyretin cardiac amyloidosis (ATTR-CA) [5]. Distinguishing these two types of
CA is pivotal, as their clinical course and management are vastly different [6]. Currently, the prevalence of
CA in the Middle East is noticeably underrepresented in literature and the condition remains
underdiagnosed, with the vast majority of patients going undiagnosed [7].

The cardinal symptoms of CA include fatigue, shortness of breath, orthopnea, exercise intolerance, and
peripheral edema; rarer symptoms include syncope, arrhythmia, and sudden cardiac death [8]. CA classically
presents as heart failure with preserved ejection fraction (HFpEF) [9]. When assessing CA, multiple extra-
cardiac symptoms and signs must also be considered [10]. If untreated, ATTR-CA carries a mortality risk in
two to six years post-diagnosis, whereas AL-CA carries a worse prognosis, with a mortality risk in less than
six months [10,11].

The position paper of the European Society of Cardiology Working Group on Myocardial and Pericardial
Diseases contends that both invasive and noninvasive investigations can be implemented depending on the
underlying type of CA. The position paper focuses on two distinct management areas: disease-modifying
management, which focuses on suitable chemotherapy regimen algorithms, and treatment of complications
and comorbidities [4].

The success of orthotopic heart transplantation (OHT) and sequential autologous stem cell transplantation
(ASCT) has revived enthusiasm for heart transplantation for patients with end-stage CA. OHT outcomes
depend on many factors, including careful patient selection, effective plasma cell-directed therapies before
and after transplantation, and improvement in pharmacologic therapy options. The extremely high
mortality rate observed in those on the heart transplant waiting list has led to changes to the heart
allocation system, granting CA patients a higher status (i.e., status 4) [12]. Pertaining to the timing of ASCT
post-OHT, various works support undergoing ASCT six months post-OHT, but some argue waiting for one
year post-OHT to perform ASCT leads to improved survival rates [13].
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Case Presentation

A 69-year-old male known to have hypertension, type 2 diabetes, and mild dyslipidemia developed new-
onset palpitations and dyspnea on exertion. He subsequently developed orthopnea, followed by dyspnea at
rest, which would be exacerbated by acute attacks of severe dyspnea. These attacks of acute dyspnea became
more frequent, occurring up to two times per week, resulting in urgent visits to the emergency room. Chest
X-rays usually showed pulmonary edema. Around this time, he was also noted to have developed bilateral
large leg swellings and began to have palpitations. Interpretation of a 24-hour Holter monitoring revealed
atrial fibrillation, which can be seen in Figure /. Other electrocardiography (ECG) findings include T wave
changes, focal atrial tachycardia, and premature atrial contractions, as seen in Figures 2-4. He was
subsequently started on Guideline Directed Medical Therapy for Heart Failure, as well as rate control and
anticoagulation medications. These were furosemide 80 mg per oral (PO) divided with instructions according
to symptoms, metoprolol succinate 50 mg PO once daily (OD), spironolactone 12.5 mg PO OD, valsartan 80
mg PO OD, empagliflozin 10 mg PO OD, and rivaroxaban 20 mg PO OD.

INTERPRETATION

Monitoring started at 09:53 and continued for 23 hr 59 min. The average heart rate was 96 BPM. The minimum heart
rate was 62 BPM, occurring at 04:57:56. The maximum heart rate was 162 BPM. occurring at 09:44:37.

BASIC RHYTHM WAS ATRIAL FIBRILLATION.

The patient had 7354 aberrant beats, of which, 42 were in triplets. 962 were in couplets, 6128 were in single, 4 were
in late, 107 were in bigeminy, 111 were in trigeminy.

The longest R-R interval was 1.6 seconds occurring at 20:23:55. The longest N-N interval was 1.6 seconds occurring
at 20:23:55.

The patient had Atrial Fibrillation. with the total time of 23 hr 59 min, representing 100 percent of the total beats. The
episode of Atrial Fibrillation with the fastest ventricular response occurred at 09:48:37, lasting 23 hr 59 min 49 sec, with
maxamum heart rate of 162 BPM. The episode of Atrial Fibrillation with the slowest ventricular response occurred at 09:54:53,
lasting 23 hr 50 min 49 sec, with minimum heart rate of 62 BPM. The episode of Atrial Fibrillation with the longest duration
occurred at 09:53:00, lasting 23 hr 59 min 49 sec, with maximum heart rate of 162 BPM.

Note: Atrial fibrillation/Flutter with ashman phenomina

FIGURE 1: 24-hour Holter interpretation showing atrial fibrillation with
rapid ventricular response as well as Ashman phenomenon.
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FIGURE 2: Electrocardiogram showing T wave changes in inferior,
lateral, and anterior leads.
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FIGURE 3: Electrocardiogram showing focal atrial tachycardia.
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FIGURE 4: Electrocardiogram showing multiple premature atrial
complexes and left ventricular strain pattern (V5 and V6).

Within more than two years from the onset of symptoms, restrictive pathology was suggested after reviewing
various two-dimensional echocardiography tests, which demonstrated granular speckling, left ventricular
hypertrophy, and severe bi-atrial dilatation, as seen in Figure 5. Video I shows two-dimensional
echocardiography exhibiting left-sided hypokinesis as the disease progressed. These results prompted
further specific imaging, including the two-dimensional speckled tracking echocardiogram (STE) seen in
Figure 6, which showed typical left ventricular strain and apical sparing. A cardiac magnetic resonance
(CMR) showed left ventricular hypertrophy of >15 mm and further confirmed a restrictive cardiomyopathy
(RCM) with an infiltrative pattern of filling defects on gadolinium enhancement among other findings all of
which are shown in Figures 7-9. A cardiac Tc99m pyrophosphate single-photon emission computed
tomography (cardiac PYP SPECT) suggested AL-CA as opposed to early ATTR-CA, after which
comprehensive hemato-oncological testing was done, the results of which are given in Table 1. Microscopy
findings are presented in Figures 10, 11.
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FIGURE 5: Two-dimensional four-chamber transthoracic
echocardiogram (TTE) showing granular speckling, left ventricular
hypertrophy, and severe biatrial dilatation.

VIDEO 1: Four-chamber transthoracic echocardiogram (TTE) showing
hypokinesis of the left ventricle and ventricular septum.

View video here: https://vimeo.com/9100415217?share=copy
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FIGURE 6: Two-dimensional speckle tracking echocardiography bull’s
eye plot showing left ventricular strain and apical sparing.

FIGURE 7: Four-chamber cardiac magnetic resonance (CMR) imaging:
(a) Cine, (B) T1, (c) magnitude-corrected T1, and (D) T2 showing
concentric left ventricular hypertrophy.
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FIGURE 8: Cardiac magnetic resonance imaging - sagittal view

(a) diffuse subendocardial late gadolinium enhancement and (b) basal
short-axis steady-state free precession (SSFP) concentric left
ventricular hypertrophy.
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FIGURE 9: Cardiac magnetic resonance imaging (T1 Scout) with the
yellow arrow showing early nulling of the myocardium and a lack of
homogenous nulling.
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Test Findings
Bone marrow aspirate (iliac) Active trilineage hematopoiesis with some dysplastic changes and plasma cell infiltration

X » Clonal plasma infiltrate estimated at 40%—60% expressing CD138, and lambda light chain reticulin
Bone marrow biopsy (iliac) . R i X
stain showing (I-I1) fibrosis
Intra-abdominal fat biopsy Extensive amyloid deposit and positive Congo red stain
Nuclear medicine bone scan Suggestive of either AL-CA or early ATTR-CA

Whole-body positron emission

No bone metabolic activity lesions
tomography scan

Monoclonal lambda light chains = 147 mg/L (5.7-26.3 mg/mL); lambda/kappa light chain ratio

Hematological test
ematologicatiests 0.05% (0.26%—1.65%)

Urine test for Bence—Jones proteins Detected

Immunoglobulin G 32.2 g/L (6-16 g/L), others were low

TABLE 1: Results from diagnostic tests performed in October 2019.

FIGURE 10: Microscopy studies: (a) CD 138 plasma cells, (b) polarized
hematoxylin and eosin stain with black arrows indicating amyloid, (c)
positive lambda light chains, and (d) negative kappa light chains.
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FIGURE 11: Microscopy studies: (a) fat Congo red special stain (black
arrow) at high power (amorphous eosinophilic extracellular material);
(b) same slide as (a) but with positive apple green birefringence (yellow
arrow) under polarized light microscope..

Based on the above-mentioned results, in addition to serum protein electrophoresis with immunofixation,
urine protein electrophoresis with immunofixation, and distinctly higher lambda light chains, the patient
was diagnosed with AL-CA. For cardiac markers, N-terminal prohormone of brain natriuretic peptide and
troponin-T were regularly followed during the course of his disease, and the patient remained negative for
troponin-T throughout. Coronary angiography was performed but did not reveal anything of significance.

The patient was started on cyclophosphamide, bortezomib, dexamethasone, and prolia, and planned for a
total of 16 cycles. After six months, daratumumab was added. The response was adequate at first but slowed
down as the disease progressed. The patient also suffered various side effects including two osteoporotic
fractures. In 2022, it was decided that the patient should undergo OHT as soon as feasible due to disease
burden and the age limit precipice for transplant surgery.

Discussion

This case highlights diagnostic obstacles, as well as certain red flags for CA in echocardiography, and its
limitations. In this case, CMR imaging and cardiac PYP SPECT played significant roles in diagnosing CA.

Diagnostic setbacks

The patient, who was a 69-year-old male known to have hypertension, type 2 diabetes, and mild
dyslipidemia, had a myriad of manifestations starting from late 2017 well into late 2019. In late 2019, after a
cumulative revision of the patient’s symptoms and signs, the decision was made to explore infiltrative
causes of his HF, with the most common infiltrative heart disease outside of sub-Saharan Africa being

CA [14]. In retrospect, the patient exhibited many red flags in echocardiography and ECGs that could have
led to an earlier diagnosis.

Echocardiography

Transthoracic Echocardiography

This patient had transthoracic echocardiography (TTE) features that strongly indicated underlying CA, most
importantly concentric left ventricular hypertrophy (LVH) reaching >15 mm, with the cut-off being >12 mm
in CA. Other TTE findings that could indicate an underlying RCM that were present in this patient include
long-term HFpEF before deterioration, distinct diastolic dysfunction, granular speckling, and biatrial
dilatation [15]. Additional features can indicate RCM but were not seen in this patient, including pleural and
pericardial effusions with LVH in addition to effusions in TTE having the highest specificity for underlying
RCM small ventricles, raised filling pressures, and valve thickening [15].

As a diagnostic tool for CA, echocardiography is limited due to the absence of such findings in many
patients. In addition, most of these findings can be seen in other cardiac diseases, such as chronic
uncontrolled hypertension and hypertrophic obstructive cardiomyopathy (HOCM). For example, as well as
being seen in CA, speckling has been described in numerous other conditions, including hypertensive heart
disease, chronic kidney disease, HOCM, and Pompe’s disease [15].

Transesophageal Echocardiography
Transesophageal echocardiography (TEE) in CA is useful for demonstrating intracardiac thrombi, as was

present in this patient, specifically in the left atrial appendage (LAA) and was spotted very early on in the
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disease before other significant echocardiographic features. Thrombi in CA are caused by both AF as well as
reduced blood flow velocity in the LAA. This low blood flow velocity is due to impaired diastolic function of
the left ventricle and impaired mechanical function of the dilated left atrium [16]. Feng et al. examined 116
patients with CA post-mortem and found intracardiac thrombi in 33% of the cases [17]. TEE, done more than
once in this patient, allowed early visualization of an LAA thrombus, which later dissolved with incessant
anticoagulation use, and was detected at a decreased LAA velocity of 27 cm/sec.

Speckle Tracking Echocardiography

CA patients often demonstrate relative preservation of apical function, leading to a “bull’s-eye” LVH
pattern, as well as longitudinal deformation, with 93% sensitivity and 82% specificity [15]. When eventually
performed, this patient had positive findings, with an apex:base ratio of >2.1, which, if found in a patient,
helps distinguish cardiac amyloidosis from other causes of left ventricular hypertrophy [15].

Cardiac magnetic resonance

The superiority of CMR imaging in CA diagnosis lies in its ability to characterize myocardial tissue and the
high precision of its measurements. CMR imaging typically employs cine imaging, native and post-contrast
T1 mapping, and T2 mapping, as well as the administration of a gadolinium contrast agent. The net result is
a highly specific assessment of wall thickness and function of, for example, the left ventricle and atrial

size [16].

T1 Mapping

T1 depends on both intracellular and extracellular/interstitial factors. A very recent publication studied a
large group of patients with suspected systemic amyloidosis, and although only applied to select individuals,
it achieved high sensitivity (92%) and specificity (91%) [18]. The patient’s T1 SCOUT mapping showed
nulling of blood pool before the myocardium after infusion of gadolinium-based contrast, the opposite of
what is normally seen, plus a global epicardial-delayed enhanced lesion mainly affecting the lateral and
anterior wall consistent with infiltrative cardiomyopathy, most likely CA.

T2 Mapping

Elevated transverse relaxation time, or T2, is specific for increased myocardial water content and free water,
and is used as an index of myocardial edema. In CA, amyloid deposition and its toxic effect on cardiac cells
is most likely the cause of myocardial edema and, thus, prolonged T2 [19]. The patient’s T2 CMR imaging
actually did not show any myocardial edema.

Late Gadolinium Enhancement

The patient’s late gadolinium enhancement (LGE) showed severe asymmetrical septal hypertrophy, with
extensive transmural heterogenous LGE involving basal, mid, and apical segments. These findings were
congruous with CA, especially in the advanced stages of the disease [16].

Limitations of Cardiac Magnetic Resonance Imaging

Several factors can impede the use of contrast in CMR imaging, including age, sex (with extracellular volume
distribution and hematocrit affecting T1 and T2, respectively), respiratory motion [16,18,19],
claustrophobia, presence of a pacemaker/implantable cardioverter-defibrillator, arrythmias [20], and renal
dysfunction [16]. Nevertheless, clinicians are finding new ways to circumvent such limitations. It was even
found that the presence of some limitations (e.g., rate-controlled AF) do not hinder the CMR imaging
process, and important diagnostic data can still be acquired, as was the case for this patient, who had AF
throughout CMR imaging.

Tc99m pyrophosphate single-photon emission computed tomography

Paired with hemato-oncological testing, cardiac PYP SPECT can differentiate AL-CA from ATTR-CA and
other myocardial disorders without the need for biopsy. Endomyocardial biopsy (EMB) is considered the gold
standard for the diagnosis of cardiac amyloidosis when combined with mass spectrometry. However, given
the heterogeneity of CA, EMB may fail to diagnose the disease. Additionally, EMB is an invasive procedure
and can lead to serious complications [21]. In our patient, cardiac PYP SPECT showed a cardiac/CL ratio of
1.27 (positive >1.5), with mild cardiac PYP uptake considered equivocal for ATTR-CA. However, as equivocal
results could represent either AL-CA or early ATTR-CA, the distinction had to be made solely by hemato-
oncological testing.

Conclusions

While rapidly evolving diagnostic and management strategies for CA are seen, it still presents a diagnostic
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challenge in clinical medicine due to its perceived rarity and non-specific symptomatology. In this case
review, certain red flags were brought up, which should have indicated further testing early on for
underlying CA. A comparison between the roles of four imaging modalities is presented: echocardiography,
STE, cardiac MRI, and cardiac Tc99m pyrophosphate single-photon emission computed tomography. The
role of each modality in diagnosing CA was reported while highlighting their different advantages.
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