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Background Using technetium (Tc)-labelled pyrophosphate (PYP) cardiac scintigraphy, a non-invasive diagnosis of transthyretin amyloid (ATTR) 
cardiomyopathy can be made without histopathological confirmation. In patients suspected of ATTR cardiomyopathy, however, 
atypical presentations may necessitate further investigation.

Case summary A 30-year-old man with hypertension and end-stage renal disease on peritoneal dialysis presented with progressive exertional dys-
pnoea. Left ventricular hypertrophy (LVH) with a maximal end-diastolic wall thickness up to 16 mm was detected on echocardi-
ography. Speckle-tracking analysis revealed a reduced longitudinal strain of left ventricle with a relative apical sparing pattern. 
Although the absence of monoclonal gammopathy, a grade 3 myocardial uptake in 99mTc-PYP cardiac scintigraphy, and negative 
TTR gene mutation inferred the diagnosis of wild-type ATTR, the relative youth of the patient still raised concerns regarding 
the diagnosis. Under clinical doubt, he underwent further testing. In non-contrast cardiac magnetic resonance (CMR) with native 
T1 mapping, the native T1 myocardial value was within the normal range. In endomyocardial biopsy (EMB), there was no evidence of 
amyloid deposition, negative Congo red staining, and no immunohistochemical evidence of transthyretin expression. These results 
excluded the diagnosis of ATTR cardiomyopathy and prevented subsequent unnecessary treatments.

Discussion When patients with unexplained LVH meet the non-invasive diagnostic criteria for ATTR cardiomyopathy, an EMB should be con-
sidered in selected cases. Patients presenting at an atypical age for wild-type ATTR cardiomyopathy, absence of extracardiac symp-
toms/signs or classic electrocardiogram features for cardiac amyloidosis should be suspected of another diagnosis and require 
further CMR or EMB to confirm.
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Learning points
• Technetium-labelled cardiac scintigraphy may preclude the necessity of endomyocardial biopsy (EMB); however, false-positive results can 

lead to unnecessary treatment.

• Despite fulfilling the non-invasive diagnostic criteria for transthyretin amyloid (ATTR) cardiomyopathy, EMB should be considered in se-
lected cases with atypical presentations.

• Atypical age for wild-type ATTR or absence of extracardiac symptoms/signs or classic electrocardiogram (ECG) features should prompt 
further cardiac magnetic resonance or EMB to obtain a correct diagnosis.

Introduction
For cases with unexplained left ventricular hypertrophy (LVH) and 
suspected transthyretin amyloid (ATTR) cardiomyopathy, technetium- 
labelled cardiac scintigraphy is often used to diagnose ATTR cardiomy-
opathy without the need for endomyocardial biopsy (EMB).1 While 
false-positive results may lead to inappropriate therapies and potential 
harms to patients, histological confirmation should be sought in 
selected cases even when patients meet the non-invasive diagnostic 
criteria for ATTR cardiomyopathy.

Summary figure

Case presentation
A 30-year-old man was referred to the cardiologist’s clinic with chief 
complaints of exertional dyspnoea and intermittent palpitations for ap-
proximately 2 months. He had underlying diseases of hypertension and 
end-stage renal disease receiving peritoneal dialysis since December 
2013 after taking unauthentic Chinese herbs. The patient was a non- 

smoker who took 40 mg of olmesartan once daily, 30 mg of nifedipine 
three times per day, 25 mg of carvedilol twice daily, 60 mg of 
isosorbide-5-mononitrate once daily, and 75 mg of clonidine twice daily 
to control his blood pressure.

His blood pressure was 150/102 mmHg and his pulse rate was 74 
b.p.m. Auscultation of the heart and bilateral lung fields revealed no signifi-
cant abnormalities. There was no evidence of oedema in the lower limbs. 
A chest X-ray revealed a marked increase in the cardiac silhouette and 
lung markings on the bilateral hilum. The electrocardiogram (ECG) re-
vealed sinus rhythm and LVH with left ventricular (LV) strain (Figure 1). 
NT-proBNP levels were up to 399 110 pg/mL (reference range: 
<125 pg/mL if age <75 years old), while hs-troponin T levels were within 
normal limits. An echocardiogram revealed severe concentric LVH with a 

maximum wall thickness of 16 mm at the anteroseptal segment of LV 
(Figure 2A), LV global hypokinesia with a reduced LV ejection fraction 
(36%), a severely dilated left atrium, and minimal pericardial effusion. 
The speckle-tracking analysis revealed a reduced longitudinal strain of 
the LV with a sparing pattern at its apex (Figure 2B).

Under the suspicion of cardiac amyloidosis, this patient underwent 
serial workup. Serum and urine immunofixation electrophoresis (IFE), 
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Figure 1 Electrocardiogram showed sinus rhythm and left ventricular hypertrophy with left ventricular strain.

Figure 2 (A) Echocardiography revealed severe concentric left ventricular hypertrophy with a maximal end-diastolic wall thickness of up to 16 mm 
and minimal pericardial effusion. (B) A speckle-tracking analysis demonstrated a reduced longitudinal strain in the LV with a relatively sparing pattern at 
the apex. (C, D, and E) A 99mTechnetium-Pyrophosphate Planar and single-photon emission computed tomography (SPECT) scan revealed a grade 3 
uptake within the myocardium. (F ) CMR showed that the maximal end-diastolic wall thickness was 15.4 mm at the anteroseptal segment. (G and H ) 
Native T1 mapping revealed that the mean native myocardial T1 value was 1244 ± 74 ms (normal range, 1156–1355 ms; 3-Tesla Vida MR scanner, 
Siemens Healthcare, Erlangen, Germany). An ATTR cardiomyopathy was less likely.
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as well as a serum-free light-chain (sFLC) assay, all showed negative re-
sults, and light-chain amyloidosis (AL) was excluded. For ATTR cardio-
myopathy, the patient underwent a 99mTc-pyrophosphate (PYP) scan 
with single-photon emission computed tomography (SPECT), which 
revealed a grade 3 uptake of the radiotracer within the myocardium 
(Figure 2C, D, and E). We conducted a TTR gene analysis due to the clin-
ical suspicion of ATTR cardiomyopathy; however, no pathologic muta-
tion was detected. In view of the fact that this patient is relatively too 
young for a tentative diagnosis of wild-type ATTR, a cardiac magnetic 
resonance (CMR) was performed. Since he had end-stage renal disease, 
he underwent a non-contrast CMR. An analysis of the native T1 map-
ping revealed a mean T1 value of 1244 ± 74 ms, which fell within the 
normal range (1156–1355 ms; 3-Tesla Vida MR scanner, Siemens 
Healthcare, Erlangen, Germany) and did not support the diagnosis of 
ATTR cardiomyopathy (Figure 2F, G, and H). We further performed 
an EMB for histopathological confirmation. Four specimens of EMB 
were collected from different sites of the right ventricular septum for 
pathological evaluation. The histology, however, revealed no amyloid 
deposition, but only a hypertrophied myocardium (Figure 3A). In polar-
ized light, Congo red staining did not reveal apple green fluorescence 
(Figure 3B), and immunohistochemistry analysis did not reveal the pres-
ence of transthyretin (Figure 3C). Electron microscopy failed to identify 
amyloid fibril aggregates. Masson’s trichrome stain showed that there 
was no significant collagen deposition within the myocardium 
(Figure 3D). The diagnosis of ATTR cardiomyopathy was finally ex-
cluded. For possible hypertensive cardiomyopathy, this patient was 
on more rigorous control of blood pressure during follow-up.

Discussion
In this report, we presented a case of unexplained LVH with typical 
findings for ATTR cardiomyopathy based on the echocardiography, 
speckle-tracking analysis, and 99mTc-PYP-SPECT scan. Despite fulfilling 
the non-invasive diagnostic criteria for ATTR cardiomyopathy, this 

patient had an ECG absent for the classic features of cardiac amyloid-
osis and was too young for the diagnosis of wild-type ATTR. Under 
the clinically doubtful diagnosis of ATTR cardiomyopathy, further con-
firmation by CMR and EMB excluded the diagnosis and prevented the 
patient from unnecessary treatment. It is important to emphasize the 
role of EMB in determining a diagnosis of wild-type ATTR cardiomyop-
athy in patients with atypical clinical presentations.

As bone scintigraphy has been validated for the diagnosis of cardiac 
amyloidosis without the histological information,1 EMB is no longer an 
indispensable requirement for the diagnosis of ATTR cardiomyopathy if 
non-biopsy criteria are met.2,3 Grade 2 or 3 radionuclide uptake with an 
absence of monoclonal gammopathy had a specificity and positive pre-
dictive value of 100% for ATTR cardiomyopathy.1 It should be noted, 
however, in less-selected populations, diagnostic yield and specificity 
may be reduced.4 It is important to consider this caveat before conclud-
ing that the diagnosis is attributable to ATTR cardiomyopathy.2,5

The significant uptake of bisphosphonate within myocardium can 
also be caused by a variety of other conditions apart from ATTR car-
diomyopathy, including hydroxychloroquine cardiotoxicity, other sub-
types of cardiac amyloidosis, metastatic myocardial calcification, or 
hypertrophic cardiomyopathy.2,6–8 In this regard, the clinical presenta-
tion, including previous medications used, family history, or the pres-
ence of extracardiac red-flag symptoms or signs, may be essential to 
differentiate the diagnoses. The TTR genetic test may be helpful in con-
firming the diagnosis of hereditary ATTR; however, a negative TTR gen-
etic test still cannot exclude the possibility of wild-type ATTR. 
Therefore, the diagnosis of wild-type ATTR is largely based on the de-
gree of clinical suspicion. Discordant clinical findings will require further 
EMB in order to ensure the correct diagnosis of wild-type ATTR car-
diomyopathy and avoid unnecessary treatment, such as tafamidis, pati-
siran, diflunisal, or any other emerging therapies.9

As indicated by previous cohort studies, wild-type ATTR, also known 
as senile systemic amyloidosis, is most commonly seen in men over the 
age of 60.10,11 Aside from the fact that it was less clear why normal 
transthyretin would develop amyloid deposition, the aging process 

Figure 3 (A) The H&E staining showed no amyloid deposits, but only hypertrophied cardiomyocytes. (B) A Congo red staining at polarized light 
indicated that apple green fluorescence was not present. (C ) Immunostaining for transthyretin was also negative. (D) Masson’s trichrome stain showed 
that there was no significant collagen deposition within the myocardium.
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has been considered to be a driving cause of protein instability and mis-
folding.12 With increasing awareness of ATTR, a wider range of ages has 
been reported to be affected.13,14 The heterogeneity of the clinical 
spectrum of wild-type ATTR makes the diagnosis of ATTR without bi-
opsy uncertain. Despite the presence of a relative apical sparing pattern, 
it is important to note that it was not specific for ATTR cardiomyop-
athy and could also be observed in other false-positive cases of 
99mTc-PYP scans, such as metastatic myocardial calcification in dialysis 
patients, which could be the possible cause of positive 99mTc-PYP 
scan in our case.5,8 The present case demonstrated that before con-
cluding the diagnosis to ATTR cardiomyopathy using the non-invasive 
criteria, the absence of constellation of extracardiac symptoms/signs 
or the classic ECG features for cardiac amyloidosis, as well as the atyp-
ical age for wild-type ATTR, should raise a high index of suspicion that 
should prompt further CMR or EMB testing.15

Conclusion
It is imperative to carry out EMB even when considering the diagnosis of 
wild-type ATTR in a relatively young patient who meets the non- 
invasive diagnostic criteria for ATTR according to current guidelines. 
The clinical presentation of cardiac scintigraphy should not preclude 
an EMB in selected cases, even if they meet the non-invasive diagnostic 
criteria for ATTR cardiomyopathy.
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