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Abstract: Cardiac amyloidosis (CA) results from the deposition of either immunoglobulin light 
chain (AL) or transthyretin (ATTR) amyloid fibrils in the myocardium, causing restrictive 
cardiomyopathy and, if left untreated, can lead to early death. Advancements in non-invasive 
diagnostic modalities have led to an increased recognition of the disease. Monoclonal gammopathy 
plays a pivotal role in the diagnostic algorithm for CA, particularly in differentiating AL from ATTR. 
This review highlights the importance of monoclonal protein detection through serum protein 
electrophoresis, immunofixation electrophoresis, and serum free light chain assays as initial 
screening tools. However, these tests alone are insufficient for a definitive diagnosis due to the 
complexities associated with coexisting monoclonal gammopathies and the potential for false 
negative and positive results. Advanced imaging modalities, such as echocardiography, cardiac 
magnetic resonance, and nuclear scintigraphy, along with tissue biopsy, are crucial for confirming 
CA and accurately determining the amyloidosis subtype.  

Introduction 

Amyloidosis refers to a collection of diseases characterized by the accumulation of misfolded 
proteins in various organs, leading to tissue damage and dysfunction (1). Cardiac amyloidosis (CA), 
which affects the heart, carries the worst prognosis (2). The condition primarily results from the 
deposition of either immunoglobulin light chain (AL) or transthyretin (ATTR) fibrils in the 
myocardium, causing restrictive cardiomyopathy and, if left untreated, can lead to early death (3). 
AL is caused by the misfolding of a monoclonal immunoglobulin light chain fragment produced by 
plasma cells in the bone marrow, and has a more aggressive course of the two subtypes. In contrast, 
ATTR is caused by the misfolding of TTR, a protein that is primarily synthesized in the liver and 
transports thyroxine and retinol-binding protein in the blood, and could occur sporadically in wild-
type ATTR (ATTRwt) or could be inherited as mutation in the genetic sequence (ATTRv) (3). 

Recent studies have highlighted evolving trends in the epidemiology of CA, with an increasing 
prevalence primarily driven by enhanced clinical awareness and advancements in diagnostic 
methods (4). These improvements in diagnostic capabilities have facilitated earlier detection of CA, 
despite challenges posed by the phenotypic overlap with other cardiomyopathies (5,6). Early 
diagnosis has significant implications for the timely initiation of treatment and for improving patient 
outcomes. Laboratory evaluation of monoclonal proteins plays a crucial role in the diagnostic 
algorithm for CA, aiding in the differentiation between CA subtypes, and can often provide valuable 
insights without the need for histological confirmation.  

In this review, we will emphasize the role of multimodality imaging in the diagnosis of CA, with 
a particular focus on the significance of laboratory workup, specifically in relation to monoclonal 
gammopathy, within the diagnostic algorithm. By integrating advanced imaging techniques with 
comprehensive laboratory evaluations, we aim to provide a precise and efficient approach to 
diagnosing CA, enabling differentiation between its subtypes to help institute appropriate treatment 
strategies. 
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Recognizing the ‘Red Flags’ to Suspect CA 

The typical clinical presentation of CA often involves decompensated heart failure, which 
manifests as progressive shortness of breath on exertion and/or signs of right ventricular failure, 
including peripheral lower extremity edema and jugular venous distention. In rare instances, 
cardiogenic shock can be the initial presentation in severe cases (7). Patients with CA may also present 
with angina, even in the absence of obstructive epicardial coronary artery disease, due to coronary 
microvascular dysfunction as a result of deposition of amyloid fibrils in the interstitial tissues, 
intramyocardial coronary vessels and perivascular regions of the heart (8,9). Arrythmias are a 
common clinical finding in CA (10,11). Atrial fibrillation is the most frequently encountered 
arrhythmia in CA patients, especially in ATTRwt (12,13). While bradyarrhythmias, particularly heart 
blocks, may serve as an early clue for the diagnosis of CA, sudden cardiac arrest caused by ventricular 
arrhythmias can rarely be the first presentation. (14,15) 

In AL, amyloid deposits can affect any extra-cardiac tissue, except for the brain. Renal 
involvement is common, often presenting as nephrotic syndrome and proteinuria due to glomerular 
amyloid deposition (16). Hepatomegaly is another common finding, which can result from either 
direct amyloid infiltration of the liver or secondary congestion due to right-sided heart failure. 
Autonomic nervous system involvement can cause symptoms such as orthostatic hypotension, 
gastroparesis, erectile dysfunction, and intestinal dysmotility (17). Peripheral nerve involvement 
leads to painful, bilateral, symmetric distal sensory neuropathy that progresses to motor neuropathy. 
Finally, macroglossia, an enlargement of the tongue, is a hallmark feature of AL. 

Several non-cardiac manifestations can raise suspicion for CA. Carpal tunnel syndrome, which 
occurs due to amyloid fibril deposition in the flexor retinaculum and tenosynovial tissue within the 
carpal tunnel, is the earliest and most common non-cardiac manifestation. Approximately 50% of 
ATTRwt patients experience carpal tunnel syndrome, often occurring 5-9 years before cardiac 
involvement (18). Studies show that around 10-16% of patients undergoing carpal tunnel surgery 
have tenosynovial amyloid deposits, while only up to 2% are diagnosed with CA at that time (19). 
Spinal stenosis, which occurs due to amyloid deposition in the ligamentum flavum, is exclusive to 
ATTR, particularly ATTRwt. Amyloid deposits are detected in more than a third of older adults 
undergoing surgery for lumbar spinal stenosis, and the incidence increases with age (20). The 
spontaneous rupture of the distal biceps tendon has been reported in upto 1/3rd of patients with 
ATTRwt (21). Furthermore, ATTRwt patients have a higher prevalence of total hip and knee 
arthroplasties compared to the general population (22). 

Diagnostic Imaging in CA 

Echocardiography is the first-line imaging modality for suspected CA, and can provide some 
clues to differentiate it from other conditions such as hypertensive cardiomyopathy, hypertrophic 
cardiomyopathy, aortic stenosis, and Fabry’s disease. Key findings in CA include significant left 
ventricular (LV) thickening, often concentric and exceeding 15mm, with asymmetric thickening 
observed in 23% of ATTRwt cases (23). LV outflow obstruction can also mimic hypertrophic 
obstructive cardiomyopathy. Additional echocardiographic features include small LV cavity, atrial 
enlargement, and a granular myocardial appearance, though the latter is nonspecific for CA (24,25). 
Diastolic dysfunction, particularly elevated E/e ratio and low tissue Doppler velocity, is consistently 
present. Tissue Doppler imaging and speckle-tracking strain imaging can help detect subclinical LV 
dysfunction, with CA showing characteristic patterns, such as apical sparing of longitudinal strain, 
which can differentiate it from other etiologies of LV hypertrophy. 

Cardiac magnetic resonance (CMR) is invaluable in distinguishing CA from other hypertrophic 
conditions, providing high-resolution structural and functional imaging, though it cannot reliably 
differentiate between ATTR and AL. CMR detects amyloid infiltration via late gadolinium 
enhancement (LGE), a pattern that is pathognomonic for CA (26). T1 mapping is particularly useful, 
with elevated native T1 values serving as an early indicator of CA, even before ventricular thickening 
is evident (27). This technique also aids in tracking disease progression and prognosis (28). In 
addition, T2 mapping can visualize myocardial edema, providing further insight, especially in AL 
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cases (28). Similarly, extracellular volume (ECV) measurement can also provide important prognostic 
information (29) 

Nuclear scintigraphy using bone-avid tracers, such as 99mTc-PYP, is a non-invasive method for 
diagnosing ATTR (30,31). However, this test is always performed in conjunction with serum and 
urine studies to rule out paraproteinemia, and hence AL. The visual grading of myocardial tracer 
uptake can help confirm the diagnosis of ATTR with a high specificity in patients who do not 
demonstrate monoclonal gammopathy. A high heart-to-lung ratio on scintigraphy, coupled with 
diffuse myocardial uptake on SPECT, can confirm a diagnosis of ATTR without the need for biopsy 
(32,33). On the other hand, if monoclonal gammopathy is present, it always necessitates further 
workup for AL. If a monoclonal protein is present, tissue confirmation of amyloid type is mandatory 
because nuclear scintigraphy may be mildly positive in AL (34).  

Monoclonal Gammopathy Testing in Suspected CA 

The diagnosis of AL involves detecting a clonal plasma cell disorder, beginning with the 
evaluation of monoclonal proteins. These proteins can include intact immunoglobulins, 
immunoglobulin fragments such as free light chains (FLC), or, less commonly, free heavy chains. The 
primary laboratory method used to identify monoclonal proteins is serum protein electrophoresis 
(SPEP). In this process, serum is applied to a medium, and an electric current is passed through it, 
causing the proteins to separate into five distinct regions based on their size and electrical charge: 
albumin, α1, α2, β, and γ. Since most antibodies migrate into the γ region, monoclonal proteins 
typically appear as a sharp peak, known as the "M spike." However, SPEP alone cannot determine 
the subtype of the monoclonal protein or confirm the presence of monoclonal protein. To do so, 
immunofixation electrophoresis (IFE) is required, where the serum is exposed to antibodies targeting 
different heavy and light chain subtypes. There IFE should be performed in patients with abnormal 
SPEP. 

It is important to note that SPEP/IFE has its own limitations as a screening test. In approximately 
25% of AL cases, SPEP/IFE may show normal results. This can occur if the monoclonal light chains 
responsible for amyloidosis are produced in small amounts, or if they are filtered out by the kidneys, 
making them undetectable in the serum. This can lead to a missed diagnosis, especially in patients 
with early-stage disease or renal impairment. In addition, SPEP/IFE may not detect all subtypes of 
monoclonal proteins associated with AL. For example, in some cases, the monoclonal protein may be 
composed of free light chains or heavy chains that are not detected by routine SPEP, or the amount 
produced may be insufficient to form a clear M spike on electrophoresis. There is high dependance 
on protein quantity, as SPEP/IFE are less effective in detecting AL in patients with low levels of 
monoclonal proteins or with light chain deposition that doesn't form distinct bands.  

To improve detection, combining SPEP/IFE with a 24-hour urine collection for urine protein 
electrophoresis and IFE should be obtained, which can identify 90% of amyloidosis cases. While a 24-
hour urine protein electrophoresis and immunofixation (UPEP/IFE) may have limited sensitivity on 
its own, it remains valuable for detecting clonal light chains, particularly when monoclonal protein 
is only indicated by a slight abnormality in serum free light chains (SFLC). In these cases, 24-hour 
UPEP/IFE could be the definitive test for identifying monoclonal protein. Additionally, 24-hour 
UPEP/IFE is beneficial in assessing the cause of renal damage in patients who present with new renal 
insufficiency and monoclonal gammopathy. Therefore, even when a monoclonal protein has already 
been detected, obtaining a 24-hour UPEP/IFE can provide further insights and may influence 
management decisions. 

Finally, it is essential to measure SFLC as part of the diagnostic workup. Both kappa and lambda 
light chain concentrations, as well as the kappa:lambda ratio (KLR), should be measured. Combining 
SFLC measurements with SPEP/IFE significantly improves the ability to detect monoclonal protein 
in patients with AL, reaching a sensitivity of up to 99% (35). However, abnormal SFLC results do not 
always confirm the presence of monoclonal protein. For example, elevated kappa and lambda levels 
with a normal KLR are not indicative of monoclonal protein and are often seen in nonspecific 
inflammatory conditions. Since light chains are excreted by the kidneys, patients with chronic kidney 
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disease may have impaired clearance of light chains, particularly kappa chains, which are typically 
cleared more efficiently than lambda chains. As a result, a mildly elevated KLR in these patients may 
reflect an imbalance between production and clearance, rather than monoclonal gammopathy. 

Despite abnormalities in protein studies, a tissue biopsy is essential to confirm the diagnosis of 
amyloidosis. The sensitivity of diagnostic biopsies varies, with abdominal fat pad aspiration having 
an accuracy of around 85%, rectal biopsy ranging from 75-85%, and bone marrow biopsy showing 
sensitivity of about 50% (36,37). If clinical suspicion remains high and non-invasive tests are 
inconclusive, biopsy of the other affected organs may be considered. However, this decision must be 
made with caution, given the increased risk of hemorrhagic complications in amyloidosis patients. It 
is generally advisable to start with the least invasive procedures before progressing to more invasive 
options. 

Pitfalls and Challenges with Monoclonal Gammopathy  

The identification of monoclonal gammopathy presents several challenges and pitfalls, which 
can complicate diagnosis. One of the challenges can be subclinical or low-level monoclonal proteins 
that are difficult to detect through standard testing. Subtle abnormalities, such as minimal SFLC 
elevation or low-intensity monoclonal spikes, may be missed or misinterpreted, leading to delayed 
diagnosis or misdiagnosis. Another challenge can be minor elevations in free light chains or isolated 
monoclonal protein spikes, especially when detected through SPEP, may not always represent a true 
monoclonal gammopathy. These can be seen in benign conditions, such as chronic inflammation or 
renal insufficiency, leading to overdiagnosis if not carefully interpreted. Similarly, monoclonal 
gammopathies and ATTR are often coincident, owing to shared associations with older age and Black 
race. The presence of monoclonal gammopathy in these patients typically does not suggest a primary 
cause of amyloidosis; however, distinguishing between the two subtypes requires further diagnostic 
testing, as it is not possible to do so based solely on clinical presentation or initial screening. Finally, 
in cases where monoclonal gammopathy is present, clonal plasma cells may not always be detectable 
in a bone marrow biopsy, especially when the plasma cell burden is low or when disease is located 
outside the bone marrow (extramedullary). This can result in negative biopsy results despite the 
presence of a monoclonal gammopathy, leading to diagnostic uncertainty. Addressing these 
challenges involves a multi-faceted approach, combining advanced diagnostic tests, careful clinical 
interpretation, and, when necessary, histological confirmation to establish the diagnosis and 
differentiate between AL and ATTR.  

Conclusions 

Monoclonal gammopathy plays a critical role in the diagnostic algorithm for CA, particularly in 
distinguishing AL from ATTR. While monoclonal protein detection, through serum and urine protein 
electrophoresis and SFLC assays, can provide valuable insights, it is not definitive on its own. Given 
the complexities and potential for coexisting monoclonal gammopathies, comprehensive diagnostic 
strategies—incorporating clinical correlation, advanced imaging techniques, and most importantly 
tissue biopsy—are essential for accurate diagnosis and subtype differentiation. 
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