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Introduction

Transthyretin amyloid cardiomyopathy (ATTR-CM) 
is a manifestation of cardiac involvement in systemic 
amyloidosis. Transthyretin deposits in the heart after 
misfolding into amyloid fibrils, resulting in restrictive 
cardiomyopathy with heart failure and arrhythmias. 
According to the transthyretin gene (TTR) mutation, 
ATTR-CM is divided into hereditary transthyretin amyloid 
cardiomyopathy (hATTR-CM) and wild-type transthyretin 
amyloid cardiomyopathy (wtATTR-CM) (1,2). Although 
endomyocardial biopsy (EMB) is the “gold standard” 
for ATTR-CM diagnosis, it is an invasive operation, 
which reduces patient acceptance (3). At the same time, 
the distribution of amyloid deposition is uneven, and 
the randomness and blindness of sampling can also lead 
to low diagnostic sensitivity. Increasing evidence from 
epidemiological studies has suggested that ATTR-CM is not 
as rare as previously proposed (4-6). In the past, the main 
reason for the low diagnostic rate of ATTR-CM was the 
lack of noninvasive screening methods with high sensitivity 
and specificity. Recent advances in noninvasive imaging 
techniques, such as echocardiography, cardiac magnetic 
resonance (CMR) imaging, and nuclear cardiac imaging, 
have made it possible to diagnose ATTR-CM easily and 

accurately (3,7). In this paper, we report the diagnostic 
procedures of 2 siblings who presented with transthyretin 
amyloidosis cardiomyopathy diagnosed by multimodality 
imaging.

Case presentation

Case 1 

A 64-year-old woman presented with a 3-year history of 
shortness of breath after activity, occasionally accompanied 
by nocturnal asthma, and in the last week, symptoms such 
as nausea, vomiting, loss of appetite, and the addition of 
some urinary incontinence had occurred intermittently. Her 
N-terminal pro-B-type natriuretic peptide (NT-proBNP) 
level was significantly elevated, and high-sensitivity cardiac 
troponin T (hs-cTnT) was in the normal levels.

Conventional transthoracic echocardiography was 
performed, which showed left ventricular (LV) and right 
ventricular (RV) hypertrophy with a granular sparkling 
appearance of the interventricular septum. The other 
abnormal echocardiographic findings included small 
ventricular cavity size; interatrial septal thickening with 
the granular sparkling pattern; thickened valves; biatrial 
enlargement; and pericardial effusion (Figure 1A). To 
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further examine LV myocardial performance, 2-dimensional 
(2D) speckle tracking echocardiography-derived (STE-
derived) measurement of LV strain and strain rate was 
performed, which showed that the LV global longitudinal 
strain was decreased. Reduced longitudinal contractility 
was mainly noted at the basal segments. The LV ejection 
fraction (EF) was 34.5% (Figure 1B). A CMR was also 
performed, which showed asymmetric LV hypertrophy 
and a diffuse pattern of late gadolinium enhancement 
(LGE) at inversion recovery sequences (Figure 1C-1F), 
suggesting cardiac amyloidosis. Echocardiography and 

CMR showed thickening of the ventricular wall, whereas 
the electrocardiogram (ECG) showed reversed R-wave 
progression in V1–V5 (Figure 2), which was also suggestive 
of cardiac amyloidosis. Based on these findings, a diagnosis 
of cardiac amyloidosis was considered. However, we were 
unable to definitively distinguish ATTR from light-chain 
(AL) cardiac amyloidosis.

Therefore, serum-free light chain assay and serum and 
urine protein electrophoresis with immunofixation were 
performed, the results of which were negative. Hence, the 
patient underwent 99mTechnetium-pyrophosphate (99mTc-

Figure 1 Echocardiography and CMR findings in Case 1. (A) Apical 4-chamber view of echocardiography demonstrates LV and RV 
hypertrophy with a granular sparkling appearance of the interventricular septum; small ventricular cavity size, interatrial septal thickening 
with the granular sparkling pattern, thickened valves, biatrial enlargement, and pericardial effusion. (B) Bullseye map of speckle tracking 
echocardiography demonstrates LV global longitudinal strain decreased; reduced longitudinal contractility was mainly noted at the basal 
segments (red denotes normal longitudinal strain and pink denotes abnormal longitudinal strain); EF was 34.5%. (C,D) 4- and 2-chamber 
view cines of CMR show asymmetric LV hypertrophy with the most severe hypertrophy involving the interventricular septum. Note the 
thickened interatrial septum in the 4-chamber view cine imaging. (E,F) Short-axis and 4-chamber view of phase-sensitive inversion recovery 
late gadolinium enhancement show LV and RV wall diffuse subendocardial hyper-enhancement. Along with subendocardial LGE in the 
ventricle, LGE may also be seen in the atrial wall, interatrial septum, and atrioventricular valves. HR, heart rate; Avg., average; EDV, end-
diastolic volume; LV, left ventricular; ESV, end-systolic volume; EF, ejection fraction; ANT, anterior; SEP, septal; INF, inferior; LAT, lateral; 
SD, standard deviation; CMR, cardiac magnetic resonance; RV, right ventricular; LGE, late gadolinium enhancement.
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PYP) scintigraphy. The visual semi-quantitative score 
(Perugini scoring system) was 3, and the quantitative heart-
to-contralateral lung ratio (H/CL) was 1.89 (Figure 3). 
Therefore, a diagnosis of ATTR-CM was feasible.

Finally, deoxyribonucleic acid (DNA) sequencing of 
the TTR gene revealed a proven heterozygous missense 
mutation c.349G>T in exon 4 of TTR, resulting in the 
replacement of alanine with serine at position 117 of the 

Figure 2 Electrocardiogram on admission from Case 1. Electrocardiogram shows first-degree atrioventricular block; non-specific 
intraventricular block; ventricular premature beat; and reversed R-wave progression in V1–V5. aVR, augmented vector right; aVL, 
augmented vector left; aVF, augmented vector foot.

Figure 3 99mTc-PYP scintigraphy findings in Case 1. 99mTc-PYP SPECT scan with Grade 3 99mTc-PYP uptake. On the right is the 
corresponding H/CL 1.89. ROI, region of interest; 99mTc-PYP, 99mTechnetium-pyrophosphate; SPECT, single-photon emission 
computerized tomography; H/CL, heart-to-contralateral lung ratio.
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mature protein (Ala117Ser). Thus, the diagnosis of hATTR-
CM was confirmed.

Case 2

Some 18 months later, a 59-year-old man (the younger 
brother of Case 1) carried out a routine physical 
examination after presenting with a 1-week history of 
abdominal bloating, which revealed an abnormal ECG. The 
NT-proBNP level was significantly elevated, and hs-cTnT 
levels were in the normal range.

The typical echocardiographic and CMR findings 
were strongly suggestive of cardiac amyloidosis (Figure 4). 

Perugini grade 3 and an H/CL ratio of 2.47 on 99mTc-PYP 
scan suggested ATTR subtype amyloidosis (Figure 5).

However, the result of urine protein electrophoresis with 
immunofixation was abnormal. Finally, the diagnosis was 
confirmed by immunoelectron microscopy, showing Kappa 
(−), Lambda (−), and TTR (+++).

Genetic testing revealed that his mutation site was 
consistent with that of his older sister.

All procedures performed in this study were in 
accordance with the ethical standards of the institutional 
and/or national research committee(s) and with the Helsinki 
Declaration (as revised in 2013). Written informed consent 
was provided by the patients for publication of this case 

Figure 4 Echocardiography and CMR findings in Case 2. (A) Apical 4-chamber view of echocardiography shows LV and RV hypertrophy 
with a granular sparkling appearance of the interventricular septum; interatrial septal thickening with the granular sparkling pattern; and 
biatrial enlargement. (B) Bullseye map of speckle tracking echocardiography demonstrates LV global longitudinal strain decreased with the 
“cherry-on-the-top” sign (red denotes normal longitudinal strain at the apex and pink/blue denotes abnormal longitudinal strain at the mid/
basal left ventricle); EF was 42.0%. (C,D) 4- and 2-chamber view cines of CMR show significant concentric LV hypertrophy. The thickened 
interatrial septum is also noted in the 4-chamber view cine imaging. (E) Short-axis view of phase-sensitive inversion recovery LGE shows 
global subendocardial circumferential enhancement of left ventricular wall. HR, heart rate; Avg., average; EDV, end-diastolic volume; 
LV, left ventricular; ESV, end-systolic volume; EF, ejection fraction; ANT, anterior; SEP, septal; INF, inferior; LAT, lateral; SD, standard 
deviation; CMR, cardiac magnetic resonance; RV, right ventricular; LGE, late gadolinium enhancement.
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report and accompanying images. A copy of the written 
consent is available for review by the editorial office of this 
journal.

Discussion

hATTR-CM is a severe, heterogeneous multisystem 
condition caused by mutations of TTR. More than 150 
different TTR mutations have been reported to date, with 
different mutations causing discrete disease manifestations. 
The mutation c.349G>T was found in 2 siblings in this 
case series. The TTR mutation c.349G>T has mainly been 
reported in southern China, including Taiwan (8-11).  
Although researchers in both Malaysia and Singapore have 
reported the c.349G>T mutation, the specific patients 
had previously migrated from southern China (12,13). 
The prevalence of various mutations varies by race and 
location. The most common mutation found in the above 
studies is Ala117Ser. This is not the case in northern China, 
where the most common mutations are Gly47Arg and 
Val30Met (9,14). The phenotypic and genotypic spectra of 
hATTR differ significantly. The majority of reported TTR 
Ala117Ser mutation patients have initially presented with 
neurological dysfunction (8,10,11). In this study, Case 1 
had nocturnal asthma, nausea, vomiting, loss of appetite, 
and urinary incontinence, whereas Case 2 had abdominal 
bloating, indicating neurological involvement. Initially, 
Case 1 consulted a gastroenterologist, who had not made 
the connection between ATTR and the patient’s chief 
complaint. The patient was later referred to our hospital 

because of heart failure. Using noninvasive multimodality 
imaging, she was diagnosed with the ATTR subtype. This 
case series verifies that multimodality imaging plays an 
important role in the diagnosis of cardiac amyloidosis, 
especially for the ATTR subtype. 

Cardiac involvement frequently indicates the clinical 
course of the disease (8,12). Case 2 had no cardiac 
complaints, but several supplementary examinations 
revealed abnormalities. For high-risk populations, especially 
gene-positive patients with a family history, early screening 
is extremely important. Therefore, it is important to 
discuss the best screening strategy for cardiac amyloidosis 
in gene-positive populations at an earlier stage. Although 
serum biomarkers and electrocardiograms are frequently 
used to evaluate the risk of cardiac amyloidosis, neither of 
these tests can be used to diagnose amyloidosis on their 
own. As a result, early detection with imaging remains a 
crucial component of the diagnostic process for cardiac 
amyloidosis. The evaluation of cardiac amyloidosis using 
echocardiography focuses on morphological findings related 
to amyloid infiltration. CMR can detect early cardiac 
involvement and offer morphological structure, functional 
evaluation, and tissue characteristics. Several studies 
have demonstrated the high sensitivity and specificity of  
99mTc-PYP scanning in the diagnosis of ATTR-CM, which 
may aid in its early detection (3,15-20). Although multiple 
imaging examinations can detect cardiac involvement 
in amyloidosis, the appropriate utilization ratings for 
echocardiography, CMR, and 99mTc-PYP for TTR carriers 
in the initial evaluation and recurrent testing remain 

Figure 5 99mTc-PYP scintigraphy findings in Case 2. 99mTc-PYP SPECT scan with Grade 3 99mTc-PYP uptake. On the right is the 
corresponding H/CL 2.47. ROI, region of interest; 99mTc-PYP, 99mTechnetium-pyrophosphate; SPECT, single-photon emission 
computerized tomography; H/CL, heart-to-contralateral lung ratio.
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uncertain. The patients in this case series had complete 
imaging data, and the patient in Case 2 was detected as 
aberrant prior to the onset of cardiac symptoms. The H/
CL ratio on the 99mTc-PYP scan appears to be connected 
to the LGE of CMR. There remains a need to validate the 
best screening strategy for TTR gene carriers and to expand 
the genetic testing population in the pedigree analysis with 
known familial amyloidosis. Prospective studies evaluating 
the diagnostic value of noninvasive imaging techniques, 
including echocardiography, 99mTc-PYP, and CMR should 
be undertaken in TTR carriers. The patient in Case 2 was 
diagnosed at an earlier stage and treated promptly, perhaps 
improving their prognosis.

The missense variant c.349G>T (p.Ala117Ser) of TTR 
may be responsible for the occurrence of ATTR in the 
family from southern China. TTR gene testing provides a 
cost-effective approach to identify high-risk populations. 
Early detection with imaging and early diagnosis of 
hATTR-CM should be followed by timely and appropriate 
therapy to improve the prognosis of patients. The research 
findings from the hATTR subgroup can be applied to a 
larger group of ATTR patients.
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