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Introduction 
Plasma cell dyscrasias result from the abnormal 

proliferation and expansion of a monoclonal population of 

plasma cells. In the majority of patients, a monoclonal 

immunoglobulin protein (M spike) or elevated level of serum 

free light chains are present. Plasma cell dyscrasias include 

several related disease processes such as Monoclonal 

Gammopathy of Undetermined Significance (MGUS), multiple 

myeloma, AL primary amyloidosis, light chain disease, heavy 

chain disease, POEMS syndrome (Poly neuropathy, 

Organomegaly, Endocrinepathy, M protein and Skin 

abnormalities), and Waldenström’s macroglobulinemia. Plasma 

cell disorders are common in the general population. Multiple 

myeloma is the second most common hematologic malignancy, 

and its incidence is approximately 5-7 patients per 100,000 

populations. MGUS is considered to be a benign pre-malignant 
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Abstract 
Amyloidosis refers to a group of widely diverse conditions 

characterized by the deposition of insoluble protein within 

the extracellular space, leading to disruption of normal 

organ function. AL primary amyloidosis is associated with 

plasma cell dyscrasias and is caused by the deposition of 

insoluble kappa or lambda light chains. Cardiac 

involvement by AL primary amyloidosis has a very poor 

prognosis, and patients are treated with systemic 

chemotherapy. Clinically, the presence of cardiac 

amyloidosis in patients with plasma cell disorders is usually 

presumed to represent AL primary amyloidosis, and they 

are often managed as such. We reported four cases of 

elderly patients with plasma cell disorders who were found 

to have biopsy-proven cardiac senile transthyretin 

amyloidosis. Our cases demonstrated that cardiac 

amyloidosis in patients with plasma cell disorders does not 

necessarily represent AL primary amyloidosis. Cardiac 

biopsy is important in making the correct diagnosis. 

Accurate subtyping of the amyloid has significant 

implications in the management of patients and discussion 

of prognosis. 
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condition that is quite common in the elderly. MGUS occurs in 

3.2% of individuals aged 50 years old and its incidence 

increases with age. At age 70, approximately 5.3% of the 

general population has MGUS [1]. 

 
AL primary amyloidosis is caused by deposition of insoluble 

fibrils of fragmented immunoglobulin light chain and can 

involve many different organs. The kidneys are the most 

commonly involved organ for AL primary amyloidosis. 

However, it is heart involvement that determines the patient’s 

outcome. Cardiac amyloidosis can also result from deposition of 

other fibrils such as serum amyloid. A protein (AA 

amyloidosis), wild-type transthyretin (senile transthyretin 

amyloidosis) or mutated transthyretin (familial amyloidosis). 

AL primary amyloidosis and senile transthyretin amyloidosis 

(ATTR) are the two most common types in cardiac amyloidosis. 

The clinical presentation and imaging studies are quite similar 

between cardiac ATTR amyloidosis and cardiac AL primary 

amyloidosis. The management and the prognoses are markedly 

different. For AL primary amyloidosis the treatment is 

chemotherapy, and for healthy individuals with good 

performance status, high-dose chemotherapy followed by 

autologous hematopoietic stem cell support is offered. For 

cardiac ATTR amyloidosis, the mainstay of treatment is 

supportive care for optimization of cardiac function. Both 

conditions are considered incurable, but the outcome is quite 

different. The median survival from the onset of symptoms was 

6.07 years in cardiac ATTR amyloidosis patients compared to 

only 1.7 years in cardiac AL primary amyloidosis patients [2]. 

Due to the marked difference in management and patient 

outcome, it is vital to correctly identify the amyloid subtype, 

and the diagnosis has a major prognostic impact that dictates 

treatment options.  

 
Similar to plasma cell dyscrasias, senile transthyretin 

amyloidosis is also a disease of the elderly. The incidence of 

senile transthyretin amyloidosis in the general population is 

unknown. Given the high prevalence of MGUS, it is not 

uncommon to see the coexistence of cardiac ATTR amyloidosis 

and plasma cell disorders. It was reported that in 24.1% of 

cardiac ATTR amyloidosis patients there was evidence of 

plasma cell dyscrasias as an incidental finding [2]. Furthermore, 

in clinical practice it is a common error to assume AL primary 

amyloidosis in patients presenting with monoclonal 

gammopathy and cardiac amyloidosis. In such cases, 

chemotherapy may be given unnecessarily, and patients may be 

given a much worse prognosis. We herein presented four cases 

of cardiac ATTR amyloidosis in patients with plasma cell 

disorders. As a result of the correct diagnosis being made, 

chemotherapy was avoided and the prognosis was much more 

favorable. 

 

Case Presentation 
Case 1: A 79 year-old Caucasian male presented with shortness 

of breath, orthopnea, anasarca, and a 40 lb. weight gain over 

three months. His past medical history was positive for 

pericardial effusion, carpal tunnel syndrome, hypothyroidism, 

and prostate cancer. Physical examination revealed rales in 

bilateral lower lobes, irregular heartbeat (EKG confirmed atrial 

fibrillation), murmur, and generalized edema. Laboratory tests 

showed hemoglobin 11.0 g/dl, creatinine 1.4 mg/dl, albumin 2.8 

g/dl, calcium 8.9 mg/dl, troponin 0.14 ng/ml and B-type 

Natriuretic Peptide (BNP) 564 pg/ml. His Serum Protein Electro 

Phoresis (SPEP) and Immuno Fixation (IFE) revealed a 

monoclonal IgG kappa M-protein at 0.51 g/dl. Twenty-four 

hour Urine Protein Electro Phoresis (UPEP) demonstrated 

0.171g/vol protein with IgG kappa M-protein at a level too low 

to quantitate. Kappa serum free light chain was 2.84 mg/dl 

(normal range: 0.33 to 1.94 mg/dl) and lambda serum free light 

chain was 1.64 mg/dl (normal range: 0.57 to 2.63 mg/dl) with 

kappa/lambda ratio at 1.73. ECHO cardiogram (ECHO) 

estimated the 2D global left ventricular ejection fraction at 

greater than 50%. There was concentric left ventricular 

hypertrophy with increased wall thickness and myocardial mass 

index. There were echocardiography features suggesting cardiac 

amyloidosis. The 2D left atrial end-systolic volume index was 

severely abnormal (>40ml/m2). There was a large 

circumferential pericardial effusion. Left pleural effusion and 

ascites were noted. His bone skeletal survey revealed a single 

Volume 1 • Issue 1 • 102                                                                                                            www.aperito.org 

http://dx.doi.org/10.14437/AJCMB-1-102


 
 http://dx.doi.org/10.14437/AJCMB-1-102            Page 3 of 8 
 

 

 Citation: Yubin Kang (2014), Senile Transthyretin Cardiac Amyloidosis in Patients with Plasma Cell Dyscrasias: Importance of 

Cardiac Biopsy for Making The Correct Diagnosis. Aperito J Cell Mol Biol 1:102 

lytic lesion on the left proximal humerus near the attachment of 

the deltoid muscle, which was later determined by MRI to be a 

non-specific change. Cardiac MRI demonstrated diffuse delayed 

hyperenhancement encompassing the myocardium of both the 

left and right ventricles, which was very compatible with 

cardiac amyloidosis. The patient underwent bone marrow 

biopsy, fat pad biopsy, and endocardial biopsy. The bone 

marrow biopsy revealed mild plasmacytosis with scatted 

CD138+ plasma cells at 5-10%. Congo red staining on the bone 

marrow biopsy and fat pad biopsy were negative. Endocardial 

biopsy demonstrated Congo red positive amyloid deposition. 

The sample was sent to Mayo Clinic for Liquid chromatography 

tandem Mass Spectrometry (LS/MS) subtyping and the results 

confirmed transthyretin protein deposition. The patient was 

diagnosed with senile cardiac ATTR amyloidosis and MGUS. 

He was treated with aggressive diuresis and optimization of his 

cardiac medications, and his shortness of breath and anasarca 

were much improved. For his MGUS, he was followed every 6 

months with stable SPEP and serum free light chains. His last 

follow-up was 2 years from his initial diagnosis and he was 

well. 

Case 2: A 77 year-old Caucasian male was admitted to the 

hospital with a two-week history of cough, lower extremity 

edema, shortness of breath, and orthopnea. Before admission, he 

was seen in the ED and was found to have new onset of atrial 

fibrillation with wide-complex tachycardia. His past medical 

history was significant for only hypertension and prostate 

hypertrophy. Physical examination revealed enlarged jugular 

vein, scattered rales in bilateral lungs, tachycardia with 

irregularly irregular rhythm, and 3+ bilateral lower extremity 

edema. The lab tests returned a white blood cell count 16.88 x 

109/ml, hemoglobin 9.5 g/dl, and platelet count 183 x 109/ml; 

creatinine 2.6 mg/dl, calcium 7.8 mg/dl and albumin 2.2 g/dl; 

troponin 0.54 ng/ml and BNP 753.7 pg/ml. SPEP and IFE 

revealed1.49g/dl IgG Kappa M protein. UPEP also showed the 

same monoclonal protein in the urine. Kappa serum free light 

chain level was 4.28 mg/dl, and lambda serum free light chain 

was 2.25 mg/dl with the kappa/lambda ratio at 1.5. 

Echocardiogram showed severe biventricular failure with an 

estimated left ventricular ejection fraction at 20-30%. The 2D 

left atrial end-systolic volume index was severely abnormal 

(>40ml/m2). The right atrial size was dilated based on the end 

systolic area. The right ventricle was hypokinetic at the base. 

The bone skeletal survey showed mottled bone lytic lesions in 

the skull. He underwent cardiac catheterization and cardiac 

biopsy that was positive for Congo red amyloid. Subtyping of 

amyloid with LS/MS spectrometry confirmed unmutated 

transthyretin amyloidosis. His bone marrow biopsy showed 

light chain restricted plasma cell neoplasm with plasma cells of 

14% on the aspirate. Based on the presence of monoclonal 

plasmacytosis and the evidence of end organ damage such as 

anemia, renal insufficiency and bone lytic lesions, he was 

diagnosed with multiple myeloma and cardiac ATTR 

amyloidosis. He was treated with a combination of bortezomib, 

cyclosphosphide, and dexamethasone and closely followed by 

his cardiologist for the optimization of his congestive heart 

failure management. He was well at 1 year follow-up. 

Case 3: A 74 year-old African American male was admitted to 

the hospital for worsening shortness of breath and abdominal 

tightness. He had several prior hospitalizations due to coronary 

artery disease status post CABG and bare metal stent placement, 

congestive heart failure, atrial fibrillation status post cardio 

version, and abdominal aortic aneurysm repair. His past medical 

history also included chronic kidney disease, chronic anemia, 

and prostate hypertrophy. Physical examination was relatively 

unremarkable. His laboratory tests revealed white blood cell 

count 5.45 x 109/ml, hemoglobin 8.8 g/dl, and platelet count 257 

x 109/ml; creatinine 1.6 mg/dl, calcium 8.9 mg/dl and albumin 

3.5 g/dl. His BNP was 1107.5 pg/ml and troponin 9.24ng/ml. 

His echocardiogram showed concentric left ventricular 

hypertrophy with increased wall thickness and myocardial mass 

index. Speckle tracking tissue Doppler of the left ventricle 

confirmed the wall motion abnormality. The 2D left ventricular 

ejection fraction was calculated to be 51%. The myocardial 

texture was suggestive of amyloidosis. Cardiac MRI 

demonstrated diffusely increased wall thickness in the left 

ventricle. There was patchy delayed hyperenhancement in a 

nonischemic pattern throughout the left ventricle that was 
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primarily mid-myocardium and within the interventricular 

septum, most consistent with an infiltrative process such as 

amyloidosis. The patient underwent endocardiac biopsy that 

revealed Congo red deposition, and LS/MS spectrometry 

subtyping confirmed ATTR amyloidosis. The patient was also 

found to have 0.31 g/dl of IgG lambda M protein on SPEP. His 

UPEP showed 0.293 g/vol of protein with the presence of 

lambda free light chain. His kappa serum free light chain level 

was 1.82 mg/dl and lambda serum free light chain 4.22 mg/dl 

with the kappa/lambda ratio at 0.42. He declined further workup 

for his monoclonal gammopathy. Bone marrow biopsy was not 

performed. 

Case 4: A 69 year-old Caucasian male presented with a 2-3 

month history of generalized edema, 30 lb. weight gain, 

shortness of breath, and orthopnea. His past medical history was 

significant for asthma, hypertension, hyperlipidemia, erectile 

dysfunction, type II diabetes, and bilateral carpal tunnel 

syndrome. Physical exam revealed edema from his lower 

extremity up to his abdomen, scattered rales in bilateral lungs, 

irregularly irregular heart rhythm (EKG confirmed atrial 

fibrillation), and a palpable liver and spleen below the costal 

margins. His labs showed hemoglobin of 14 g/dl, calcium 9.1 

mg/dl, creatinine of 2.0 mg/dl, albumin 3.9 g/dl and beta-2 

microglobulin of 4.6. His troponin was 1.16ng/ml, BNP 148.8 

pg/ml and Pro-NT BNP>2800 pg/ml. His SPEP showed a 

restricted protein band identified by concurrent IFE as 

monoclonal IgA kappa (the level was too low to quantitate in 

the beta zone). His UPEP showed two restricted protein bands 

identified by concurrent IFE as monoclonal IgA kappa and free 

kappa light chain at 0.5 mg/dL (6.7 mg/TV) and 0.5 mg/dL (6.7 

mg/TV) in the beta and gamma zones, respectively. His serum 

kappa light chain was 6.03 mg/dl and lambda light chain of 2.67 

mg/dl with the kappa/lambda ratio at 2.26. The echo cardiogram 

showed a left ventricular ejection fraction of 35-40%, severe 

concentric left ventricular hypertrophy, and sparking myocardial 

pattern infiltrative cardiomyopathy concerning for amyloidosis. 

He underwent bone marrow biopsy positive for amyloid 

deposition with 10% plasma cells that were not light chain 

restricted. The right ventricular endomyocardial biopsy 

demonstrated diffuse interstitial and perivascular pink amorphic 

infiltrates positive for Congo red (Figure 1). Bone marrow 

biopsy sample was also positive for amyloid deposition (Figure 

2). MS Subtyping of both cardiac amyloid and bone marrow 

amyloid was consistent with unmutated ATTR senile 

amyloidosis. The patient was diagnosed with senile ATTR 

cardiac amyloidosis and MGUS. He was managed with cardiac 

conversion, aggressive diuresis, and optimization of cardiac 

medications.

Figure: 1 

 

Figure 1: Amyloid deposition in the heart (right ventricle endomyocardial biopsy) 
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A. Amorphous infiltrate is present between heart muscle 

fibers (H&E 200×).  

B.  Congo Red stain shows areas of orange-red staining 

consistent with amyloid infiltrate (H&E 200×).     

C. Using polarized light microscopy, the infiltrate is 

diagnostic of amyloid deposition. 

 

Figure: 2 

 

 

Figure 2: Amyloid deposition in the bone marrow (bone 

marrow biopsy) 

A. The bone marrow biopsy exhibited normal hematopoietic 

cells (not shown) with extensive fibrous tissue present 

adjacent to the marrow. (H&E 200×). 

B. Congo Red stain shows multiple amorphous orange-red 

deposits within the fibrous tissue. (H&E 200×). 

C. Polarized light microscopy confirmed amyloid deposition 

in the fibrous tissue. 

 

Discussion 
We presented four cases with co-existing senile cardiac 

ATTR amyloidosis and plasma cell disorders (please see Table. 

1 for the summary of patient characteristics and presentation). 

The main take-home message is the presence of cardiac 

amyloidosis in elderly patients with plasma cell disorders such 

as MGUS or multiple myeloma does not necessarily mean the 

cardiac amyloidosis is AL primary amyloidosis. This 

recognition is important in clinical practice. Without cardiac 

biopsy, all four patients could easily have been mistakenly 

diagnosed with cardiac AL primary amyloidosis and managed 

incorrectly. For instance, our Case 1 and Case 4 patients were 

told to prepare for systemic chemotherapy before the cardiac 

biopsy results were available. Our Case 2 patient was 

contemplating hospice care because of the presumed stage III 

cardiac AL amyloidosis in the setting of multiple myeloma. 

Stage III cardiac AL amyloidosis has a median survival of only 

a few months [3, 4]. After the diagnosis of senile ATTR cardiac 

amyloidosis, the patient changed the prospect of his prognosis 

and agreed to chemotherapy for multiple myeloma. He is now 

well at 1 year after the diagnosis of cardiac amyloidosis. It is 

critical to have a cardiac biopsy and confirmatory amyloid 

subtyping with liquid chromatography tandem mass 

spectrometry for making the correct diagnosis of cardiac 

amyloidosis. It is notworthy that all four of our patients 

presented with cardiac symptoms such as edema, weight gain, 

shortness of breath, or atrial fibrillation and were seen initially 

by a primary care physician or cardiologist. ECHO and/or MRI 

suggested cardiac amyloidosis and the patients had already 

planned for a myocardial biopsy before hematology/oncology 

was consulted and the workup for plasma cell dyscrasias was 

performed. In retrospect, if the patients would have been seen 
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by a hematologist/oncologist and were found to have a plasma 

cell dyscrasia (MGUS or myeloma) and evidence of cardiac 

amyloidosis by ECHO or MRI, it is very likely they may have 

been diagnosed with AL primary cardiac amyloidosis. The 

patients would have been treated with chemotherapy and given 

a very dismal prognosis. Should all patients with MGUS or 

myeloma and evidence of cardiac amyloidosis undergo cardiac 

biopsy for accurate sub typing of the amyloid? The cases 

presented here suggested that we should consider cardiac biopsy 

for patients with plasma cell dyscrasia and evidence of cardiac 

amyloidosis before we commit them to systemic chemotherapy 

for presumed “AL primary amyloidosis”. Cardiac biopsy is an 

invasive procedure and carries certain risks; however, systemic 

chemotherapy is toxic and also has many side effects. We 

believe the benefit of accurate diagnosis from cardiac biopsy 

outweighs the risks of toxicities from unnecessary 

chemotherapy. Cardiac biopsy is the only way to unequivocally 

make the diagnosis. There are some clinical, imaging, and 

laboratory characteristics that may assist in distinguishing senile 

ATTR cardiac amyloidosis from AL primary cardiac 

amyloidosis. For instance, senile ATTR has a male 

predominance (89% of the patients were male with a median 

age at presentation of 73 years old). In AL primary cardiac 

amyloidosis, male patients account for 69% and the median age 

at presentation was 63 years old [2]. The presenting symptoms 

are similar in both groups, but they are more severe in AL 

cardiac amyloidosis. Atrial fibrillation occurs more frequently 

in senile ATTR cardiac amyloidosis. Carpal tunnel syndrome is 

more common in senile ATTR cardiac amyloidosis patients 

(49%) than in AL primary cardiac amyloidosis patients (8.3%). 

In the study with 102 senile ATTR cardiac amyloidosis patients 

and 36 AL primary cardiac amyloidosis patients, evidence of a 

plasma cell dyscrasia was observed in all AL primary cardiac 

amyloidosis patients, but only in 24% of senile ATTR cardiac 

amyloidosis patients [2]. This finding suggested that it is 

unlikely to have AL primary cardiac amyloidosis without 

evidence of a plasma cell dyscrasia, but it is possible to have 

senile ATTR cardiac amyloidosis in the presence of a plasma 

cell dyscrasia. 

Magnetic Resonance Imaging (MRI) is being increasingly used 

for the diagnosis of cardiac amyloidosis. MRI is generally 

considered not specific enough to differentiate various subtypes 

of amyloid. Recently, it was suggested that transmural and 

Right ventricular late Gadolinium Enhancement (RGE) patterns 

on Cardiac Magnetic Resonance (CMR) imaging were more 

characteristic of senile ATTR cardiac amyloidosis [5]. NT-pro-

BNP was elevated in cardiac amyloidosis [6]. Recently, Pinney 

et al. found that NT pro-BNP and age at diagnosis were both 

associated with risk of senile ATTR cardiac amyloidosis. They 

developed a diagnosis algorithm incorporating the level of NT 

pro-BNP and age at diagnosis for distinguishing senile ATTR 

cardiac amyloidosis from AL primary cardiac amyloidosis [2]. 

They found that patients ≤70 years old with an NT pro-BNP < 

183 pmol/L and patients >70 years old with an NT pro-BNP 

<1420 pmol/L were more likely to have senile ATTR cardiac 

amyloidosis. The positive predictive value using this 

combination of age and NT pro-NBP was 90% and negative 

predictive value was 85%. We did not have the level of NT pro-

NBP for our Case 1, 2, and 3. For Case 4, this model of 

prediction did not work. The patient was 69 years old and had a 

significantly elevated NT pro-BNP (2800 pg/ml, that is, 326 

pmol/L), and should be less likely to be senile ATTR cardiac 

amyloidosis. Again, our cases further underscored the 

importance of cardiac biopsy for definitive diagnosis and 

accurate subtyping of cardiac amyloidosis. Biopsy followed by 

Congo red staining and immuno histochemistry used to be 

considered the gold standard for diagnosing and typing amyloid. 

Recently, Satoskar et al. retrieved 229 native endomyocardial 

biopsies [7]. There were eight cases that showed strong 

transthyretin staining by immuno histochemistry. Mass 

spectrometry was performed in five out of these eight biopsies 

and all five cases revealed AL type amyloidosis. These data 

suggested a strong false positive immuno staining for 

transthyretin in cardiac amyloid. We have not routinely used 

immuno histochemistry staining for the diagnosis or subtyping 

of cardiac amyloidosis. All of our samples were sent to Mayo 

clinic for LS/MS spectrometry sub typing.  
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For AL primary cardiac amyloidosis, the patients can be treated 

with supportive care, systemic chemotherapy, and autologous 

hematopoietic stem cell transplant. Currently there is no 

effective FDA-approved treatment for senile ATTR cardiac 

amyloidosis. Heart transplant was reported in extremely rare 

cases [8]. Several novel agents such as diflunisal and Fx-1006A 

to stabilize the native state of transthyretic tetramer are in phase 

II/III clinical trial [9]. More recently, anti-transthyretin small 

interfering RNA was packaged in lipid nano particles and 

administered to 32 patients with transthyretin amyloidosis 

patients. The treatment led to a reduction of transthyretin level 

up to 67% at 28 days [10]. Several clinical trials are actively 

recruiting patients, and it is expected that new drugs are on the 

horizon. Currently, the mainstay of management for senile 

ATTR cardiac amyloidosis is to optimize supportive cardiac 

care including diuresis. In summary, our cases demonstrated the 

importance of cardiac biopsy for the accurate diagnosis of 

cardiac amyloidosis. Correctly identifying the type of amyloid is 

vital and dictates treatment and prognosis. 

 

Table 1:  Patient Characteristics and Presentation 

 Case 1 Case 2 Case 3 Case 4 

Age (years) 79 77 74 69 

Gender Male Male Male Male 

Presenting symptoms 
Shortness of breath and 
weight gain 

Shortness of breath and 
edema 

Shortness of breath 
Shortness of breath and 
weight gain 

A-Fib Present Present Present Present 

Troponin (ng/ml) 0.14 0.54 9.24 1.16 

BNP (pg/ml) 564 753.7 1107.5 148.8 

SPEP (M protein) IgG Kappa (0.51g/dl) IgG Kappa (1.47g/dl) IgG Lambda (0.31g/dl) IgA Kappa 

Kappa/Lambda ratio 1.73 1.5 0.42 2.26 

ECHO 
Concentric left ventricular 
hypertrophy 

Biventricular failure 
Concentric left 
ventricular hypertrophy 

Concentric left 
ventricular hypertrophy 

Cardiac MRI 
Diffuse delayed 
hyperenhancement 

Not done 
Diffusely increased wall 
thickness 

Diffusely increased wall 
thickness 

Bone marrow biopsy 
Mild plasmacytosis (5-10% 
plasma cells) 

Light chain restricted 
plasma cells (>14%) 

Not done 
Plasmacytosis without 
light chain restriction 
(10%) 

Cardiac biopsy Amyloid deposition Amyloid deposition Amyloid deposition Amyloid deposition 

LS/MS typing of 
amyloid 

Transthyretin (unmutated) 
Transthyretin 
(unmutated) 

Transthyretin 
(unmutated) 

Transthyretin 
(unmutated) 

Diagnosis 
Senile cardiac ATTR 
amyloidosis and MGUS 

Senile cardiac ATTR 
amyloidosis and 
multiple myeloma 

Senile cardiac ATTR 
amyloidosis and plasma 
cell dyscrasia 

Senile cardiac ATTR 
amyloidosis and MGUS 

Management Cardiac optimization 
Chemotherapy for 
myeloma and cardiac 
optimization 

Cardiac optimization Cardiac optimization 
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