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Abstract: Fine-needle aspiration biopsy of the abdominal fat pad is considered to be a 

minimally invasive procedure for diagnosing systemic amyloidosis. However, this procedure 

is sometimes difficult and can be dangerous for elderly patients whose abdominal fat layer 

is thin because of malnutrition. In such cases, alternative diagnostic methods are required. 

We report three elderly patients with heart failure complicated by malnutrition. In all cases, 

electrocardiogram showed low voltage in the limb leads and a pseudoinfarct pattern in the chest 

leads, and echocardiography showed left ventricular wall thickening with granular sparkling 

appearance. These patients were suspected of having amyloid cardiomyopathy but could not 

undergo myocardial biopsies because of their poor conditions. After failed attempts at biopsy 

of the abdominal fat pad or the other organs, subcutaneous fat tissue biopsy over the hip led to 

the diagnosis of systemic amyloidosis with cardiomyopathy. The resultant diagnosis guided us 

to choose the appropriate treatment for the patients. This article illustrates that subcutaneous 

fat tissue biopsy of the hip could be a useful procedure for diagnosing systemic amyloidosis in 

elderly patients, particularly when a fat tissue biopsy of the abdomen is associated with a high 

risk of complications because of malnutrition.

Keywords: systemic amyloidosis, amyloid cardiomyopathy, fine-needle aspiration biopsy, 

subcutaneous fat tissue, hip, abdominal fat pad

Introduction
The diagnosis of systemic amyloidosis (SA) requires tissue biopsies from affected 

organs, owing to a lack of specific disease markers. Fine-needle aspiration biopsy 

(FNAB) of the abdominal fat pad (AFP) is reported to be a minimally invasive, highly 

reliable screening method for the diagnosis of SA.1–10 However, this procedure has 

not been standardized and requires skill to ensure precise sampling.4 Moreover, this 

procedure may be less successful than previously reported, because of variation in 

practice setting, experience level, or diagnostic technique.11 Additionally, abdominal 

wall centesis can be dangerous in elderly patients; these patients may present with a 

thin AFP owing to malnutrition or may have difficulties remaining at rest because of 

cognitive impairment. Although new devices and techniques have been developed to 

increase the certainty of revealing amyloid deposits,12,13 adipocytes are often difficult 

to aspirate by FNAB-AFP in malnourished, elderly patients, leading to an inability to 

make a diagnosis. In this study, we present three cases of SA that were diagnosed by 

subcutaneous fat tissue biopsy over the hip; all of these patients were ineligible for 

deep organ biopsy because of their poor condition and because they had failed to be 

diagnosed by conventional FNAB of the AFP. Written informed consent was obtained 
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from the patients or the next of kin for publication of this 

report and any accompanying images.

Case report 1
Case 1, a 76-year-old female with decompensated chronic 

heart failure (CHF), was admitted to our hospital in October 

2011. Her CHF did not respond to medical therapy and her 

general condition continued to deteriorate. An electrocardio-

gram showed low voltage in the limb leads and low R-wave 

progression, compatible with pseudoinfarct pattern, in the 

chest leads V1–V3 (Figure 1). Echocardiography showed 

increased left ventricular wall thickness (Figure 2) with 

granular sparkling appearance (Figure 2A and B). Blood 

chemistry examination revealed M proteins derived from 

immunoglobulin (Ig) G lambda light chain, but no abnormali-

ties in IgG levels (Table 1). Based on these findings, amyloid 

cardiomyopathy due to amyloid light chain amyloidosis 

was strongly suspected as a cause of her CHF. To obtain 

histological evidence of amyloid light chain amyloidosis, 

bone marrow and gastric mucosa were biopsied, but both 

specimens failed to show amyloid deposition. However, 

amyloid deposits were revealed in the subcutaneous fat tissue 

(Figure 3) that was biopsied incidentally with the bone mar-

row tissue from her posterior iliac crest (Figure 3A–C). The 

percentage of plasma cells in the bone marrow (14.8% of all 

nucleated cells) was slightly increased but did not fulfill the 

criteria for symptomatic multiple myeloma. These findings 

allowed us to make a diagnosis of SA with cardiomyopathy, 

but we could not determine the type of SA because there was 

no biased staining of lambda light chain in the fat tissue. The 

patient was treated with oral melphalan and dexamethasone 

to ameliorate M proteinemia without apparent effects, and 

she died of CHF 2 months after the diagnosis.

Case report 2
Case 2, a 91-year-old female with a 6-month history of pro-

gressive chronic kidney disease and CHF, presented with 

anorexia and malnutrition in January 2015. Her serum was 

positive for IgG-lambda M proteins, with a decrease in the 

free light chain kappa/lambda ratio (Table 1). Blood tests, 

electrocardiogram, and echocardiography showed charac-

teristics of amyloid cardiomyopathy, similar to those seen 

in Case 1 (Table 1; Figures 1B, 2C, and 2D). The patient 

also had comorbidities such as anemia, proteinuria associ-

ated with chronic kidney disease, sclerotic skin lesions, 

dysautonomia, and progressive muscle weakness. She 

was suspected to have SA and underwent the FNAB-AFP 

procedure, but no adipocytes could be aspirated because of 

malnutrition. Based on the experience gained with Case 1, 

we suspected that subcutaneous fat tissue aspiration from the 

hip might be useful for diagnosing SA. A specimen aspirated 

from the left posterior iliac crest contained adipocytes and 

amyloid deposits were evident in the subcutaneous fat tissue 

(Figure 3D–F). However, the presence of ALs could not be 

confirmed because the specimen was too small to analyze 

with immunohistochemical staining. The patient was even-

tually diagnosed with SA complicated by cardiomyopathy. 

Bone marrow biopsy was not performed because no specific 

Figure 1 electrocardiogram of the three presented cases.
Notes: In all cases, electrocardiogram showed low voltage in the limb leads. (A) Case 1: low r-wave progression was seen in the chest leads V1 to V3. (B) Case 2: the lack 
of r-wave was seen in the chest leads V1 to V5. (C) Case 3: low r-wave progression was seen in the chest leads V1 to V4, similar to Case 1. These abnormal r-waves were 
considered a pseudoinfarct pattern.
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Figure 2 echocardiography of the three presented cases.
Notes: Parasternal long-axis views (A, C, and E) and apical four-chamber views (B, D, and F) are presented. (A and B) Case 1: granular sparkling appearance was seen 
in the interventricular septum (IVs), which was 11.5 mm in thickness. (C and D) Case 2: granular sparkling appearance was seen in the IVs and the lateral wall. The IVs of 
Case 2 was less thickened (9.8 mm in thickness), but the left ventricular wall exhibited diffuse hypertrophy with diastolic dysfunction (E/e′ 15.55) without valvular dysfunction. 
(E and F) Case 3: granular sparkling appearance was shown in the IVs and lateral wall, and the IVs was 13.0 mm in thickness.

Table 1 Laboratory data of the cases at diagnosis

Variable Normal range Case 1 Case 2 Case 3

WBC (/µL) 3,500–9,100 3,580 5,270 8,020
Hemoglobin (g/dL) 11.3–15.2 13.2 9.2 15.3
Platelets (/µL) 130,000–369,000 135,000 359,000 146,000

Albumin (g/dL) 4.0–5.0 3.7 2.5 2.8
T-Cho (mg/dL) 150–219 130 112 153
Creatinine (mg/dL) 0.47–0.79 0.68 1.32 0.89
BNP (pg/mL) 0.0–18.4 1,250 141 1,820
NT-proBNP (pg/mL) 0–125 6,389 4,217 78,120
Troponin T (ng/mL) 0.000–0.014 0.116 0.182 0.281
Transthyretin (mg/dL) 22.0–40.0 14.4 11.5 7.5
β2-MG (mg/L) 1.0–1.9 2.8 9.1 4.5

IgA (mg/dL) 110–410 60 127 312
IgM (mg/dL) 46–260 93 63 82
IgG (mg/dL) 870–1,700 1,609 1,564 2,033
IgD (mg/dL) 0.0–9.0 0.6 0.9 0.6

FLC-κ (mg/L) 3.3–19.4 NA 66.9 55.6

FLC-λ (mg/L) 5.7–26.3 NA 268.0 44.8

κ/λ ratio 0.26–1.65 NA 0.25 1.24

M protein* Negative IgG-λ IgG-λ Negative

Note: *M protein was analyzed by serum immunoelectrophoresis and “negative” means that it was not detected with this method.
Abbreviations: β2-MG, beta2-microglobulin; BNP, serum B-type natriuretic peptide; FLC, free light chain; γ-GTP, gamma-glutamyl transpeptidase; Ig, immunoglobulin; 
LDH, lactate dehydrogenase; NA, not available; NT-proBNP, N-terminal pro-B-type natriuretic peptide; T-Cho, total cholesterol; WBC, white blood cells.
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treatment was indicated even if she had been found to have 

multiple myeloma. Her anorexia improved with supportive 

care, including treatment for CHF.

Case report 3
Case 3, a 93-year-old female with a 10-year history of hyper-

tension, presented with left hemiparalysis and was admitted to 

our hospital in September 2015. Diffusion-weighted magnetic 

resonance imaging revealed a widespread high-intensity lesion 

in the right middle cerebral artery area and electrocardiogram 

was compatible with paroxysmal atrial fibrillation. The patient 

was diagnosed with cardiogenic cerebral embolism and was 

treated with edaravone and heparin for 2 weeks. However, she 

gradually developed signs of heart failure, including whole 

body edema, pulmonary edema, massive pleural effusion, 

and anorexia. Based on echocardiogram findings similar to 

those seen in Cases 1 and 2, the patient was suspected to have 

SA (Table 1, Figures 1C, 2E, and 2F). We could not perform 

FNAB-AFP because her abdominal wall was too thin to apply 

centesis safely (Figure 4) and she could not remain still dur-

ing the FNAB procedure because of stroke-induced cognitive 

impairment. Thus, we performed FNAB of subcutaneous fat 

tissue from the hip. Amyloid deposits in the fat tissue were 

revealed by Congo red staining with polarizing light exposure, 

as well as with transthyretin immunostaining (Figure 3G–I). 

The patient was diagnosed with senile SA and amyloid car-

diomyopathy. The irreversible condition of her disease led us 

to provide supportive care instead of intensive treatment. The 

patient died of multiple organ failure, as a result of circulatory 

insufficiency, 7 days after the diagnosis.

Figure 3 Light micrograph of the subcutaneous fat tissue.
Notes: (A–C) Case 1: skin and subcutaneous fat tissue around the left posterior iliac crest was inadvertently biopsied with bone and bone marrow in Case 1. Therefore, 
bone marrow tissue is seen in the upper right area of the figures (A and B). Patchy amyloid deposits in dermis are stained orange red with Congo red (A). Green 
birefringence of the amyloid deposits can be seen under polarized light but cannot be detected in bone marrow tissue (B). slight green birefringence of amyloid deposits is 
also seen in subcutaneous fat tissue adjacent to the dermis under polarized light (C). (D–F) Case 2: we could obtain only one cluster of fatty tissue after repeated aspiration 
from the hip in Case 2 (D). The sample was too small to slice into biopsy sections. Interstitial tissue between the adipocytes is stained orange red with Congo-red stain (E), 
and green birefringence of the amyloid deposits can be seen under polarized light (F). (G–I) Case 3: subcutaneous fat tissue aspirated from the hip is patchily stained orange 
red with Congo red (white arrows; G) and green birefringence of the patch can be seen under polarized light (H). Muscular tissue is also stained with Congo red but 
it is not brilliant apple green under polarized light (arrow heads). Immunohistochemistry of the subcutaneous fat tissue shows that amyloid deposits can be stained with 
antitransthyretin antibody (I).
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Discussion
This report illustrates three cases of SA diagnosed by sub-

cutaneous fat tissue biopsy of the hip. Two of these were 

diagnosed as SA by an FNAB from the posterior iliac crest. 

Although a previous study has suggested that a diagnosis of 

SA may not change the recommended treatment in many 

cases, a definitive diagnosis can be helpful in ruling out other 

underlying conditions as the cause of patients’ symptoms.6 

In Cases 2 and 3, the diagnosis of SA offered a poor progno-

sis, allowing us to select supportive care rather than intensive 

treatment. Making a definitive diagnosis of SA in Case 2 also 

helped us rule out other causes of CHF and choose appro-

priate care for the patient, which significantly relieved the 

patient’s symptoms. The prognosis of Case 3 was considered 

to be more miserable because her heart failure was devel-

oped subsequent to many irreversible impairments such as 

stroke-induced dementia, hemiparalysis, aphasia, and severe 

dysphagia, which led to malnutrition. Owing to advanced 

dementia and malnutrition, her prognosis was estimated 

to be 6 months according to a guideline.14 In addition, 

the diagnosis of SA indicated that her heart failure needed 

maintenance therapies, but these impairments were thought to 

disturb continuous oral medication. Therefore, after diagnosis 

of SA, the patient was thought to be in the end-of-life and 

was provided palliative care for SA.15

According to current guidelines or experts’ reviews, a 

diagnosis of SA requires the detection of amyloid deposits, 

which are then confirmed by Congo red staining with classical 

apple green birefringence under polarized light.16–20 FNAB-

AFP is considered to be an excellent screening procedure 

for diagnosing SA,21 with a specificity of 92%–100%1–8 and 

is introduced as the simplest and least invasive procedure in 

many tissue biopsies.20 This diagnostic procedure has been 

established by dermatologists, surgeons, and pathologists.22 

The choice of the anterior abdominal skin for the aspiration 

biopsy was based on a systematic study of the occurrence of 

amyloid A in the skin of different parts of the body.23 However, 

this study did not examine about the detection rate of amyloid 

deposits in the subcutaneous tissue of the hips.20 Most primary 

care physicians are not skilled in this procedure because the 

prevalence of SA is relatively low and physicians have few 

chances to carry out FNAB. On the other hand, centesis of 

the posterior iliac crest is often performed by physicians and 

hematologists to aspirate bone marrow and is recognized as a 

safe procedure that does not risk damaging deep organs. In this 

respect, FNAB of the subcutaneous tissue from the posterior 

iliac crest has some advantages over FNAB-AFP, especially 

in patients for whom FNAB-AFP is associated with consid-

erable risks. To our knowledge, however, there has been no 

study that evaluated the usefulness of the subcutaneous fat 

tissue biopsy of the hip in diagnosing SA.

The sensitivity of detecting amyloid deposits in subcutane-

ous fat tissue through the AFP biopsy varies from one type of 

amyloidosis to another. It is higher in patients with amyloid 

light chain and amyloid A amyloidosis than in patients with 

senile SA. This is probably true for the subcutaneous fat tissue 

biopsy of the hip, but we do not have exact data regarding 

different types of amyloidosis. Further studies are required 

to clarify this issue.

In our three cases, SA could only be diagnosed by subcu-

taneous fat tissue of the hip because the poor conditions of 

the patients did not allow biopsies from other organs. These 

patients had no complication associated with the diagnostic 

procedures. Moreover, the resultant diagnosis of SA guided 

us to choose appropriate treatments for the patients.

Conclusion
Subcutaneous fat tissue biopsy of the hip was useful for 

diagnosing SA in elderly patients for whom FNAB-AFP 

failed to obtain sufficient material and biopsy of other organs 

was associated with a high risk of complications. These 

promising results warrant further clinical studies to clarify the 

usefulness of FNAB of the hip in the diagnosis of SA.

Acknowledgments
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Figure 4 The abdominal computerized tomography of Case 3.
Notes: The abdominal wall around the navel was ∼3–5 mm in thickness, where 
FNAB-AFP is usually performed. The white arrow indicates where FNAB of the hip 
was performed.
Abbreviations: AFP, abdominal fat pad; FNAB, fine-needle aspiration biopsy.
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