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Abstract
Objective  Most reported research has primarily investigated wild-type transthyretin cardiac amyloidosis (ATTRwt-CA). 
However, the application of bone scintigraphy for hereditary transthyretin cardiac amyloidosis (ATTRv-CA) has not been 
systematically investigated. Therefore, in this study, we aimed to evaluate the diagnostic value of 99mTc-PYP scintigraphy 
in ATTRv-CA.
Methods  Fifty-four patients were enrolled in a highly suspected cardiac amyloidosis cohort. Transthyretin (TTR) gene 
characteristics were summarized in the ATTRv-CA group. In 99mTc-PYP scintigraphy, the diagnostic efficiency of the visual 
score (VGS) and heart-to-contralateral chest (H/CL) ratio were evaluated. Furthermore, the interobserver consistency among 
the diagnosticians was investigated.
Results  Twenty-eight patients were diagnosed with ATTRv-CA with eight genotypes. The Ala97Ser genotype accounts 
for 46% (n = 13) with a mean age of disease onset, definite diagnosis, and interval of 61.6 ± 1.9, 66.5 ± 1.3, and 4.0 (3.0, 
6.2) years, respectively. Their VGS is Grade 3, and their H/CL ratio is higher than that of the non-Ala97Ser group, but no 
statistical significance exists (mean H/CL: 1.95 ± 0.06 vs. 1.87 ± 0.02, p = 0.844). Additionally, ATTRv-CA patients showed 
VGS ≥ 2, and mean H/CL ratio of 2.09 ± 0.06. The sensitivity and specificity of VGS were 100% and 65%, respectively. And 
the interobserver consistency analysis of VGS showed the intraclass correlation coefficient is 0.522. The best cutoff value 
of H/CL ratio was 1.51 (AUC = 0.996), and the diagnostic consistency of H/CL (bias: 0.018) was high.
Conclusions  Ala97Ser is the most common genotype in ATTRv-CA in our cohort, with characteristics of later onset and 
rapid progression, but delayed diagnosis and extensive 99mTc-PYP uptake. Overall, ATTRv-CA patients showed moderate-
to-extensive myocardial 99mTc-PYP uptake. Additionally, VGS carries subjectivity, low specialty and interobserver consist-
ency. But H/CL exhibit high diagnostic efficacy and interobserver consistency. The H/CL ratio is more useful than VGS.

Keywords  99mTc-PYP · Hereditary transthyretin cardiac amyloidosis (ATTRv-CA) · Ala97Ser gene mutation · Single-
photon emission computed tomography · Semiquantitative parameter

Introduction

Transthyretin amyloid cardiomyopathy (ATTR-CA) is 
caused by the destabilization of the transthyretin (TTR) 
protein, which promotes release and accumulation of mono-
mers and the formation of amyloid fibrils deposited in the 
myocardium[1], leading to diastolic dysfunction, arrhyth-
mias, and clinical heart failure[2]. ATTR-CA includes two 
subtypes: wild-type transthyretin amyloid cardiomyopathy 
(ATTRwt-CA) and hereditary transthyretin amyloid car-
diomyopathy (ATTRv-CA), with the median survival from 
diagnosis being 3–5 years under untreated conditions [3]. As 
a rare autosomal-dominant (AD) multisystem disorder [4], 
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ATTRv-CA has attracted multidisciplinary attention with the 
application of several novel medicines and the development 
of diagnostic tools [5]. More than 140 TTR gene mutant 
forms have been identified, most of which are caused by 
point mutations. The gene mutation subtypes are diverse, 
clinical phenotypes are different, and the onset age is varied 
[5, 6]. Therefore, highlighting the diversity of mutated geno-
types is important in revealing the distinct natural histories 
of diseases, providing insight into likely disease progression 
and assessing the possibly involved systems and organs [7].

The gold standard for diagnosing ATTR-CA is endomyo-
cardial biopsy (EMB) [8]. However, the small number of 
medical institutions qualified for EMB, high cost, and low 
willingness of patients to take the risk of invasive examina-
tions limit the routine application of EMB in the clinic [1]. 
The increasing evolution of auxiliary diagnostic tools has 
promoted the diagnosis of cardiac amyloidosis in noninva-
sive ways. In particular, the dramatic growth of nuclear med-
icine has made the era of noninvasive diagnosis of myocar-
dial amyloidosis a reality. Reports have confirmed that bone 
scintigraphy identifies ATTR-CA with high sensitivity and 
specificity, making the positive predictive value for ATTR-
CA reach 100% with the exception of light-chain cardiac 
amyloidosis (AL-CA) [9–11]. Currently, bone scintigraphy 
[with 99mTc-pyrophosphate (PYP), 99mTc-3,3-diphosphono-
1,2-propanodicarboxylic acid (DPD), or 99mTc- hydroxym-
ethylene-diphosphonate (HMDP) as a tracer] has been rec-
ommended to diagnose ATTR-CA in multiple guidelines and 
expert consensus papers [12–14].

Whereas the most reported research has primarily inves-
tigated wild-type ATTR-CA (ATTRwt-CA), the use of bone 
scintigraphy for ATTRv-CA, especially the gene mutation 
subtypes, has not been systematically investigated. Accurate 
noninvasive specific imaging would considerably improve 
the early diagnosis of ATTRv-CA, facilitate genetic testing 
and evaluation of the inherent risks of family members [15], 
and further benefit patient outcomes with early treatment [8, 
16]. Therefore, the purpose of our study was to determine 
the variety of transthyretin (TTR) gene mutations in our 
center and investigate the diagnostic accuracy of the visual 
score and semiquantitative parameter (H/CL ratio) of bone 
scintigraphy (with 99mTc-PYP as a tracer) in the diagnosis 
of ATTRv-CA.

Materials and methods

Study population

Eighty patients recommended to undergo 99mTc-PYP SPECT 
imaging for possible ATTR-CA at the Second Xiangya Hos-
pital from June 2020 to March 2023 were initially reviewed. 
They were highly suspected to have ATTR-CA, with typical 

imaging features of CA on echocardiography and exclusion 
of AL-CA through negative monoclonal protein testing by 
serum protein electrophoresis and serum free light chains. 
The inclusion criteria were as follows: (1) patient was sub-
jected to 99mTc-PYP SPECT scintigraphy; (2) biopsy was 
performed; and (3) gene testing was conducted. According 
to consensus guidelines [14, 17], patients were diagnosed 
with ATTR-CA by the following criteria: a. extracardiac 
biopsy-proven ATTR amyloidosis; b. typical cardiac imag-
ing features of CA; c. negative monoclonal protein testing 
with serum protein electrophoresis and serum-free light 
chains. Patients were considered to have ATTRv-CA (the 
ATTRv-CA Group, n = 28) if ATTR-CA patients had a posi-
tive TTR gene test result. ATTR-CA patients with negative 
TTR gene test results were categorized as ATTRwt-CA 
(n = 5). Patients were considered to have no CA (the non-
CA group, n = 26) if they met the following criteria: nega-
tive extracardiac biopsy for amyloidosis and TTR gene test; 
ATTRwt-CA and other patients who did not undergo 99mTc-
PYP scintigraphy, biopsy, or gene testing were excluded 
from this study. All data were retrieved from the database. 
This study was conducted with the approval of the Second 
XiangYa Hospital of Central South University Institutional 
Review Board (No. 2021162).

99mTc‑PYP SPECT imaging

Seventy-three patients had subsequently undergone a stand-
ard imaging protocol with 99mTc-PYP imaging at 1 h after 
injection [18]. 99mTc-PYP scintigraphy was performed using 
dual-headed single-photon emission computed tomography 
(SPECT, Philips Skylight, USA). All patients were intrave-
nously administered approximately 555 MBq (15 mCi) of 
99mTc-PYP. Then, imaging was acquired at 1-h postinjection. 
Anterior and lateral planar images were acquired for 750 K 
counts using a 256 × 256 matrix with a 1.5 zoom factor, and 
the energy window was set at 141 keV (± 10%) with low-
energy high-resolution (LEHR) collimators. Following pla-
nar imaging, SPECT imaging was obtained with step mode 
for 20 s per projection (40 projections per detector, a total 
of 180° of data).

Imaging was graded by two board-certified and experi-
enced readers (ERs) of the department of nuclear medicine 
using the visual score and semiquantitative parameter in the 
planar scans and confirmed in SPECT [19]. The semiquan-
titative parameters were determined by the average of two 
experts. The third expert made the final judgment when the 
two ERs disagreed. In addition to the ERs mentioned above, 
images were reviewed by another green-hand and inexpe-
rienced reader (IR) to verify the interobserver variability 
of the visual score and semiquantitative parameter among 
diagnosticians.
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The visual score was graded 0–3 using both anterior 
and lateral planar imaging [8, 20], with 0 as no myocardial 
uptake, 1 as myocardial uptake less than ribs, 2 as myocar-
dial uptake equal to ribs, and 3 as myocardial uptake greater 
than ribs with mild or absent rib uptake. For semiquantita-
tive analysis in planar images, the circular region of interest 
(ROI) was drawn over the heart, which was copied and mir-
rored to the contralateral chest, and the heart-to-contralateral 
(H/CL) ratio was calculated based on the mean counts of 
the ROIs [21].

Biomarkers and echography

Patients were systematically evaluated at our center within 
2 weeks of diagnosis. Evaluations consisted of a complete 
clinical history and examination, alongside functional, 
biochemical, electrocardiography, and echocardiographic 
assessment. National Amyloidosis Center (NAC) staging 
was performed for ATTRv-CA patients [22].

Statistical analysis

All statistical analyses were performed using SPSS sta-
tistical software version 26 (IBM Corporation, Armonk, 
New York). Descriptive statistics were computed to sum-
marize the data. Continuous variables are expressed as the 
mean ± SD, nonnormal variables are presented as medians 
with interquartile ranges, and categorical or ordinal vari-
ables are presented as frequencies (percentages). Differences 

between the two groups were compared using Student’s test 
for normally distributed continuous variables or the Mann‒
Whitney U test for nonnormally distributed continuous vari-
ables. The χ2 test was used for comparing groups for cat-
egorical variables. Receiver operating characteristic (ROC) 
curve analysis was applied to assess the diagnostic efficiency 
of H/CL ratio. Additionally, the kappa value was calculated 
to verify the interobserver variability of the visual score, and 
Bland‒Altman analysis was used to assess the interobserver 
variability of H/CL ratio in 99mTc-PYP scintigraphy. Linear 
relationships between H/CL ratio and echocardiography or 
blood biomarkers were evaluated with Pearson correlation 
coefficients. A two-sided P value < 0.050 was considered 
statistically significant.

Results

Demographic characteristics

According to the inclusion and exclusion criteria, 54 patients 
were ultimately enrolled, including 28 ATTRv-CA (the 
ATTRv-CA group) and 26 non-CA patients (the non-CA 
group) (Fig. 1). The demographic, clinical, and 99mTc-PYP 
scintigraphy characteristics of ATTRv-CA patients are 
presented in Table 1 and Supplementary Table 1. In the 
ATTRv-CA group, the patients were predominantly male 
(n = 23, 81%) and elderly (61.5 ± 1.6 years). All patients 
with ATTRv-CA showed moderate-to-extensive myocardial 
tracer uptake with VGS ≥ 2 (n = 28, 100%) and the mean 

Fig. 1   Patient flowchart in this study group. Eighty patients were recruited for this study. According to the included and excluded criteria, 54 
patients were enrolled finally, including 28 ATTRv-CA (ATTRv-CA Group) and 26 non-CA patients (Non-CA Group)
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H/CL ratio was 2.09 ± 0.06. Additionally, eight different 
genotypes were found in our study: Ala97Ser (n = 13, 46%), 
Asp18Asn (n = 4, 14%), Glu81Lys (n = 3, 11%), His88Arg 
(n = 2, 7%), Thr59Lys (n = 2, 7%), Ser23Asn (n = 2, 7%), 
Arg34Thr (n = 1, 4%), and Glu74Lys (n = 1, 4%) (Fig. 2a).

The most common genotype is Ala97Ser, we then divided 
those 28 ATTRv-CA patients into the Ala97Ser group 
(n = 13) and the non-Ala 97Ser group (n = 15). In the Ala-
97Ser group (Table 2), the mean age of disease onset, defi-
nite diagnosis, and the median interval between the appear-
ance of symptoms and the actual diagnosis were 61.6 ± 1.9, 
66.5 ± 1.3, and 4.0 (3.0–6.2) years, respectively. At the time 
of diagnosis, amyloidosis involved the myocardium, making 
a raised myocardial thickness with a mean interventricu-
lar septal thickness at diastole (IVSd) of 16.1 ± 0.9 mm on 
echocardiography and a damaged systolic function with 
an average left ventricular ejection fraction (LVEF) of 
49.6 ± 3.1%. Three clinical sub-phenotypes were ranked 
according to incidence, including dysfunction of peripheral 
and autonomic nerves and involvement of other organs. The 
initial complaint was mostly peripheral nerve dysfunction, 

mainly characterized by paresthesia (9/13, 69%). Further-
more, autonomic nerve performance, including orthostatic 
hypotension (n = 3, 23%), vomiting (n = 2, 15%), diarrhea 
(n = 2, 15%), dysphagia (n = 2, 15%) and constipation (n = 1, 
8%), and organ involvement manifestations could appear, 
such as myocardial injury (n = 13, 100%) and/or others (Sup-
plementary Fig. 1). In 99mTc-PYP imaging, all Ala97Ser 
ATTRv-CA patients showed extensive myocardial uptake 
with VGS = 3, and the H/CL ratio of Ala97Ser group (mean 
H/CL: 1.95 ± 0.06) is higher than that of the non-Ala97Ser 
group (mean H/CL: 1.87 ± 0.02), but there was no statistical 
significance (p = 0.844).

Diagnostic accuracy and interobserver variability 
of the visual score

The visual score in the ATTRv-CA group was significantly 
higher than that in the non-CA group (p = 0.000) (Table 1). 
The results indicated significant interobserver variability 
with an intraclass correlation coefficient of 0.522 for 1-h 
VGS (95% CI 0.367–0.677, p < 0.001) (Fig. 3a). When 

Table 1   Patient characteristics 
of 99mTc-PYP scintigraphy

Values are mean ± SD, n (%), or median (range); a two-sided P value < 0.050 was considered statistically 
significant

Non-CA (n = 26) ATTRv-CA (n = 28) χ2/Mann‒
Whitney U test

P value

1-h visual score parameters
Grade < 2 17 (65) 0 (0) 0.000
Grade ≥ 2 9 (35) 28 (100)
1-h semiquantitative parameter
H/CL 1.25 ± 0.03 2.09 ± 0.06 t = 12.328 0.000

Fig. 2   The details of the TTR-mutated subtype and ROC curve anal-
ysis of H/CL ratio. a The legend on the top right presents different 
gene subtypes, and the percentage in the sector of the circle presents 

the proportion of each gene subtype; b ROC curve of H/CL ratio for 
the diagnosis of ATTRv-CA
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Table 2   The comparison 
between the Ala97Ser and non-
Ala97Ser group

Values are mean ± SD, n (%), or median (interquartile range); a LAS  left atrium diameter, b RAS  right 
atrium diameter, c RVD  right ventricular diameter, d IVSd  interventricular septal thickness on echocardi-
ography, e LVEDd  left ventricular end-diastolic dimension, f LVPWDd  left ventricular posterior wall thick-
ness on echocardiography, g LVEF  left ventricular ejection fraction

Parameters Ala97Ser group Non-Ala97Ser group χ2/Mann‒
Whitney U test

P value

Male, n (%) 11 (85) 12 (80) χ2 = 0.101 0.750
Initial complaints
Weight reduction, n (%) 1 (8) 0 (0)
Paresthesia, n (%) 9 (69) 6 (40)
Polypnea, n (%) 2 (15) 9 (60)
Diarrhea, n (%) 1 (8) 0 (0)
Age at diagnosis, years 66.5 ± 1.3 57.00 (52.85, 61.29) Z = 0.001 0.001
Age of onset, years 61.6 ± 1.9 53.00 (50.14, 59.33) Z =  – 2.125 0.025
Interval, years 4.0 (3.0, 6.2) 2.33 ± 0.65 Z =  – 1.955 0.052
99mTc-PYP scintigraphy
1-h visual score parameters
Grade < 2, n (%) 0 (0) 0 (0)
Grade ≥ 2, n (%) 13 (100) 15 (100)
1-h semiquantitative parameter
H/CL 1.95 ± 0.06 1.87 ± 0.015 t = -0.198 0.844
Echocardiography
LASa, mm 38.08 ± 1.5 39.00 (35.84, 43.08) Z = -0.437 0.687
RASb, mm 39.0 (33.0, 40.9) 37.00 (31.34, 41.12) Z = -0.361 0.724
RVDc, mm 31.7 ± 1.5 30.00 (26.94, 31.83) Z = -1.186 0.243
IVSdd, mm 16.1 ± 0.9 16.00 (13.91, 17.17) Z = -0.440 0.687
LVEDde, mm 42.4 ± 1.2 45.50 (40.00, 49.50) Z = 0.372 0.408
LVPWDdf, mm 14.6 ± 0.8 17.00 (13.97, 17.53) Z = 0.237 0.247
LVEFg, % 49.6 ± 3.1 51.00 (45.14, 56.40) Z = 0.681 0.687

Fig. 3   The distribution and interobserver consistency analysis of 
VGS and H/CL ratio. a Histograms of the visual score among nuclear 
imaging diagnosticians; the visual score (VGS) among ERs and IR; b 
The H/CL ratio of ATTRv-CA patients was higher than those of the 
control group (p < 0.050); the circle in the box indicates the median 
value, the box boundary shows the IQR; *** means p < 0.001; c 

Bland‒Altman plots of nuclear imaging diagnosticians’ agreement 
for H/CL ratio; the solid lines indicate the mean difference among 
diagnosticians, and the dashed lines indicate the limits of agreement 
(1.96 SDs of the mean difference); the pink squares indicate points 
outside the interval, and the blue dots represent points in the interval
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employing VGS ≥ 2 as the positive diagnosis criterion, 
we found that all ATTRv-CA patients were positive. In 
contrast, nine non-CA patients also showed false-positive 
results, which resulted in high sensitivity (100%) but low 
specificity (65%).

Diagnostic accuracy and interobserver variability 
of the semiquantitative parameter (H/CL ratio)

The mean H/CL ratio of ATTRv-CA was 2.09 ± 0.06, which 
was significantly higher than those of the non-CA group 
(Table 1; Fig. 3b). The receiver operating characteristic 
(ROC) curve analysis confirmed that the semiquantita-
tive parameter, H/CL ratio, showed high diagnostic values 
(Fig. 2b). The area under the ROC curve (AUC) of H/CL 
was 0.996 (Se: 100%, Sp: 96%, cutoff value: 1.51, 95% 
CI 0.986–1.000; p = 0.000). Moreover, Bland‒Altman 
analysis indicated high interobserver consistency of H/CL 
among diagnosticians (Fig. 3c). The mean difference in H/
CL among diagnosticians was 0.018, and the 95% limit of 
agreement ranged from  – 0.161 to 0.197.

Correlational analyses among the H/CL and NAC 
stage, echocardiographic‑related parameters, 
or blood biomarkers

We further performed correlational analyses between semi-
quantitative parameter (H/CL ratio) of ATTRv-CA patients 
and NAC stage, echocardiographic-related parameters, or 
blood biomarkers. The results showed that the H/CL ratio 
exhibited no significant difference or correlation between 
NAC stage I (mean H/CL ratio: 2.00 ± 0.08) and NAC stage 
II (mean H/CL ratio: 2.19 ± 0.08) patients (p = 0.042) (Sup-
plementary Fig. 2). Additionally, echocardiographic-related 
parameters or blood biomarkers had no significant correla-
tions with the H/CL ratio (p > 0.05) (Supplementary Fig. 3).

Discussion

Different TTR​-mutated genotypes exhibit varied clinical 
manifestations, disease progression, and distribution char-
acteristics [6]. For example, the Val30Met (p. Val50Met) 
variant is a late-onset disease [3] that is responsible for the 
high prevalence of ATTRv-CA in endemic areas [23, 24] 
such as Portugal, Sweden and Japan, and it tends to include 
less severe cardiac involvement with positive 99mTc-PYP 
scintigraphy results compared to individuals with the same 
mutation, but from a nonendemic area or individuals with 
non-Val30Met mutations [25]. Phe64Leu mutation-related 
transthyretin cardiac amyloidosis is the most common muta-
tion in southern Italy [24]. The clinical characteristic of 
this genotype has not been systematically summarized. A 

multicenter study revealed that bone scintigraphy has low 
sensitivity in detecting Phe64Leu mutation-related tran-
sthyretin cardiac amyloidosis [26]. Ala97Ser mutation is a 
relatively common reported subtype in China, Malaysia and 
Thailand [27–29], with characteristics of later onset, rapid 
progression and lack of specific features [30]. The appli-
cation of bone scintigraphy in diagnosing ATTRv-CA has 
received less attention. There is an urgent need to assess 
the diagnostic accuracy of bone scintigraphy across a wider 
spectrum of TTR​ mutations in different geographic areas. 
Therefore, this study demonstrated an understanding of the 
features of TTR​ gene mutations in our center, especially the 
most populated Ala97Ser sub-genotype of our center, and 
compared the diagnostic accuracy of the visual score and 
semiquantitative parameter of 99mTc-PYP scintigraphy in the 
diagnosis of ATTRv-CA.

Ala97ser is a kind of later‑onset and rapidly 
progressive, but delayed diagnostic genotype

The most populated genotype was Ala97Ser in our cohort. 
It is a kind of later-onset rapidly progressive genotype that 
lacks specific features at the initial stage to enable differenti-
ation from other genotypes [30]. In addition, Ala97Ser gene-
mutated patients in our cohort who had cardiac involvement 
manifested chest distress and shortness of breath, lower limb 
edema, syncope, and a thickened left ventricular wall on 
ultrasonography. These nonspecific features make it dif-
ficult to distinguish it from other cardiomyopathies [31], 
such as hypertrophic heart disease. Therefore, noninvasive 
imaging with higher specificity is needed to improve the 
diagnostic rate. Fortunately, 99mTc-PYP scintigraphy meets 
this requirement completely from our research results. Those 
patients’ visual scores are Grade 3, and the mean H/CL ratio 
is 1.95 ± 0.06, corresponding to the current 99mTc-PYP posi-
tive diagnostic criteria. But no statistical significance exists 
in the H/CL ratio between the Ala97Ser and non-Ala97Ser 
group. With the varied characteristics of different genotypes 
in the non-Ala97Ser group, the difference of H/CL ratio 
between different genotype need separate comparison. We 
will continue to collect different genotypes and make further 
detailed sub-genotype analysis.

Semiquantitative parameter (H/CL) is more useful 
than visual score in the diagnosis of ATTRv‑CA

One of the most common visual score criteria is comparing 
the relative uptake between the heart and ribs. VGS ≥ 2 is 
considered one of the positive criteria to make an ATTR-
CA diagnosis [31]. However, Poterucha et al. [8] noted 
that nearly two-thirds of VGS ≥ 2 results in their center 
were false positive; similar results also repeatedly emerged 
at other research centers, which indicated that VGS ≥ 2 
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possesses a fatal flaw of subjectivity [32, 33] and that the 
visual score is not reliable enough to diagnose ATTR-CA 
[11, 21]. Thus, we evaluated the diagnostic efficiency of the 
visual score at 1-h postinjection at our center. The results 
showed that the interobserver consistency of a 1-h visual 
score was significantly different among diagnosticians, 
and a high false-positive rate was observed when apply-
ing VGS ≥ 2 as a positive diagnostic criterion. Although 
most of the H/CL values of the non-CA patients were lower 
than 1.51, 35% (n = 9) of patients had a visual score ≥ 2, 
which puzzles nuclear medicine diagnosticians when judg-
ing the image and might cause a misdiagnosis. The results 
showed that the semiquantitative criteria, H/CL ratio, is 
more useful than VGS in the diagnosis of ATTRv-CA. 
One of the reasons for this inferior diagnostic accuracy 
of visual score might be attributable to the use of the 1-h 
image instead of the 3-h image. The 1-h planar 99mTc-PYP 
images showed high sensitivity, while 3-h planar 99mTc-
PYP images showed high specificity for the diagnosis of 
ATTR-CA [34]. However, with the limitation of the retro-
spective study, 3-h planar imaging data is unavailable. We 
will develop a prospective study to make further compari-
sons about the diagnostic efficiency of visual score and H/
CL ratio in 1-h and 3-h planar and SPECT imaging.

The current recommended semiquantitative parameter 
for the diagnosis of CA is H/CL. Although H/CL is highly 
reproducible in different study centers, a study has men-
tioned high misdiagnosis rates [8]. Our results indicated 
that the delineated semiquantitative parameter, H/CL ratio, 
obtained high diagnostic efficiency and interobserver con-
sistency for diagnosing ATTRv-CA. In our study center, 
the average H/CL ratio was significantly different between 
these two groups, and the H/CL ratios in the ATTRv-CA 
group (mean H/CL: 2.09 ± 0.06) were higher than those 
in the non-CA group (mean H/CL: 1.25 ± 0.03). This 
means that 99mTc-PYP scintigraphy obtains high diagnos-
tic accuracy that could primarily distinguish ATTRv-CA 
patients from non-ATTRv-CA patients after excluding 
other types of CA (such as AL-CA and ATTRwt-CA). 
However, as ATTRwt-CA usually manifests in old age, 
patients usually recognize that symptoms are the results 
of aging and diminishing organ function and so rarely 
seek medical attention [2, 29]. As a result, ATTRv-CA 
(n = 28) is well represented and ATTRwt-CA (n = 5) is 
less prevalent in our cohort. We further analyzed the semi-
quantitative parameter (H/CL) between ATTRwt-CA and 
ATTRv-CA patients. We found that although the H/CL 
ratio of ATTRv-CA) is higher than that of ATTRwt-CA 
patients [mean H/CL: 2.09 ± 0.06 vs. 1.74 (1.46, 2.29)], no 
statistical significance exists (p = 0.173) (Supplementary 
Table 3).  The small cohort of ATTRwt-CA might a sig-
nificant contribution. Thus, a large and multicenter study 
is warranted to make a further comparison.

Study limitations

The limitations in this paper are principally due to the 
retrospective design of this study. First, this was a selected 
cohort in which there was a high pretest probability for 
ATTR-CA, and its relevance to populations with a lower 
pretest probability is uncertain. A larger, multicenter study 
is needed to verify our conclusion. Additionally, because 
of the scattered genotype distribution, we cannot deter-
mine the similarities and differences of various gene muta-
tions. We will continue to explore the specificity of 99mTc-
PYP scintigraphy in diagnosing ATTRv-CA.

Conclusion

The Ala97Ser gene mutation accounted for a large propor-
tion of ATTRv-CA in our cohort, with characteristics of 
later onset and rapid disease progression, but delayed diag-
nosis. 99mTc-PYP scintigraphy indicated high diagnostic 
value in 13 Ala97Ser gene-mutated patients with intensive 
myocardial uptake. Additionally, 99mTc-PYP scintigra-
phy obtains high diagnostic efficiency in the diagnosis of 
ATTRv-CA. The semiquantitative parameter, H/CL ratio 
(cutoff value: 1.51), is more useful in the diagnosis of 
ATTRv-CA than visual score.
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