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Abstract
Purpose Cardiac transthyretin-related amyloidosis (ATTR) is a progressive and fatal cardiomyopathy. The diagnosis of this
disease is frequently delayed or missed due to the limited specificity of echocardiography. An increasing amount of data in
the literature demonstrate the ability of bone scintigraphy with bone-seeking radiopharmaceuticals to detect myocardial amyloid
deposits, in particular in patients with ATTR. Therefore we performed a systematic review and bivariate meta-analysis of the
diagnostic accuracy of bone scintigraphy in patients with suspected cardiac ATTR.
Methods A comprehensive computer literature search of studies published up to 30 November 2017 on the role of bone
scintigraphy in patients with ATTR was performed using the following search algorithm: (a) Bamyloid^ OR Bamyloidosis^
AND (b) BTTR^ OR BATTR^ OR Btransthyretin^ AND (c) Bscintigraphy^ OR Bscan^ OR BSPECT^ OR BSPET^ OR Bbone^
OR Bskeletal^ OR Bskeleton^ OR BPYP^ OR BDPD^ OR BHMDP^ OR BMDP^ OR BHDP .̂ Pooled sensitivity, specificity,
positive and negative likelihood ratios (LR+ and LR−) and diagnostic odds ratio (DOR) of bone scintigraphy were calculated.
Results The meta-analysis of six selected studies on bone scintigraphy in cardiac ATTR including 529 patients provided the
following results: sensitivity 92.2% (95%CI 89–95%), specificity 95.4% (95%CI 77–99%), LR+ 7.02 (95%CI 3.42–14.4), LR−
0.09 (95% CI 0.06–0.14), and DOR 81.6 (95% CI 44–153). Mild heterogeneity was found among the selected studies.
Conclusion Our evidence-based data demonstrate that bone scintigraphy using technetium-labelled radiotracers provides very
high diagnostic accuracy in the non-invasive assessment of cardiac ATTR.
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Introduction

Cardiac amyloidosis is a protein deposition disease that is in-
creasingly recognized due to enhanced clinical awareness and
better diagnostic imaging [1–5]. Although there are many

different amyloid diseases, two types account for over 95% of
all cardiac amyloidosis: immunoglobulin light chain amyloid-
osis (AL) and transthyretin-related amyloidosis (ATTR) [1–5].
Both cardiac AL and ATTR involve the diffuse deposition of
amyloid fibrils in the heart that causes thickening of both
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ventricles. Cardiac involvement can occur as part of a systemic
disease or as a localized phenomenon [6, 7]. Amyloid deposition
can be found throughout themyocardial tissue but is also seen in
the atria, pericardium, endocardium, and vasculature [1, 5].

Besides clinical history, physical examination and measure-
ment of plasma brain natriuretic peptide, the diagnosis of cardiac
amyloidosis always begins with two-dimensional echocardiogra-
phy in conjunction with electrocardiography (ECG) which allow
the detection of the classic hallmark of the disease: low absolute
or relative QRS voltage on ECG along with a nondilated left
ventricle (LV)withmoderate concentric LVhypertrophy on echo-
cardiography [8]. Laboratory tests, other cardiac imaging modal-
ities or tissue biopsy are used to confirm the diagnosis [1–5].
Cardiac magnetic resonance imaging (CMR) is often used if car-
diac amyloidosis is suspected on echocardiography to confirm or
refute the diagnosis. However, CMR is less specific for amyloid
detection, so other diagnostic methods are needed to confirm the
diagnosis [8]. Endomyocardial biopsy is nearly 100% sensitive
for cardiac amyloidosis diagnosis but it is obviously an invasive
diagnostic procedure with possible complications and is restricted
to referral centres with expertise in performing it [1–5].

ATTR results from misfolding of the liver-derived precursor
protein transthyretin (TTR), either as an acquired wildtype vari-
ant (ATTRwt) or as a hereditary mutant variant (ATTRm).
ATTRwt typically affects older men and presents as a late-
onset hypertrophic restrictive cardiomyopathy. The ATTRm var-
iant, caused by one of many different point mutations in the TTR
gene, can manifest as a polyneuropathy, cardiomyopathy, or a
mixed phenotype. The differentiation of the ATTRwt variant
from the ATTRm variant is performed by TTR gene mutation
testing [1–5]. Overall, ATTR has a better prognosis than AL;
however, it is still a progressive disorder that is associated with
a significantly reduced survival and quality of life [1–5].

Several diagnostic techniques can be used to differentiate
cardiac AL from ATTR. Due to their different treatment strate-
gies, early diagnosis and prompt initiation of therapy are crucial.
Laboratory tests such as the serum free light chain ratio and
immunofixation of serum and urine are very useful as they have
a high negative predictive value for cardiac AL [1–5]. Bone
scintigraphy with different technetium-labelled bone-seeking ra-
diopharmaceuticals has been used as a noninvasive diagnostic
method for detecting myocardial ATTR amyloid deposits in
patients with cardiac amyloidosis. Higher radiopharmaceutical
uptake in the heart of patients with cardiac ATTR than in those
with cardiac AL is usually expected. The explanation for this
differential uptake is unknown, but it has been suggested that the
preferential binding of bone radiotracers to ATTR may be a
result of higher calcium content [1–5].

We performed a bivariate meta-analysis of the accuracy of
bone scintigraphy with different technetium-labelled bone-
seeking radiopharmaceuticals in the diagnosis of cardiac

ATTR to demonstrate its role as a noninvasive diagnostic
method in this setting.

Materials and methods

This meta-analysis was performed according to the BPreferred
Reporting Items for Systematic Reviews and Meta-Analyses^
(PRISMA) statement which describes an evidence-based min-
imum set of items for reporting in systematic reviews andmeta-
analyses [9]. Furthermore, specific suggestions for meta-
analyses of diagnostic accuracy studies were followed [10].

Search strategy

A comprehensive computer literature search of PubMed/
MEDLINE and the Cochrane library databases was conducted
to find relevant retrospective or prospective published studies on
the diagnostic accuracy of bone scintigraphy in patients with
cardiac ATTR. We used a search algorithm based on a combi-
nation of these terms: (a) Bamyloid^ OR Bamyloidosis^ AND
(b) BTTR^ OR BATTR^ OR Btransthyretin^ AND (c)
Bscintigraphy^ OR Bscan^ OR BSPECT^ OR BSPET^ OR
Bbone^ OR Bskeletal^ OR Bskeleton^ OR BPYP^ OR BDPD^
OR BHMDP^OR BMDP^OR BHDP .̂ No beginning date limit
was used. The search was updated to 30 November 2017. No
language restriction was used. To expand our search, references
of the retrieved articles were also screened for additional studies.

Study selection

Studies or subsets of studies investigating the diagnostic per-
formance of bone scintigraphy with technetium-labelled ra-
diotracers in detectingmyocardial amyloid deposits in patients
with ATTR reporting data on sensitivity, specificity or diag-
nostic accuracy were eligible for inclusion in the qualitative
analysis (systematic review). The exclusion criteria were: (a)
articles not within the field of interest of this review, (b) stud-
ies not performed in humans, (c) review articles, editorials or
letters, comments, and conference proceedings, (d) case re-
ports or small case series (fewer than ten patients), and (e)
articles with insufficient data to reassess sensitivity or speci-
ficity (such as absence of data on true-positive, true-negative,
false-positive and false-negative findings). In the quantitative
analysis (meta-analysis) studies with possible patient overlap
were also excluded. If patient overlap was found, the most
complete article was included in the meta-analysis.

Three researchers (G.T., F.B., L.G.) independently reviewed
the titles and abstracts of the retrieved articles, applying the
inclusion and exclusion criteria listed above. Articles were
rejected if they were clearly ineligible. The same three
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researchers then independently reviewed the full-text version of
the remaining articles to determine their eligibility for inclusion.
Disagreements were resolved in a consensus meeting.

Data extraction

For each study potentially eligible for the meta-analysis, infor-
mation was collected concerning the basic aspects of the study
(authors, year of publication, country of origin, study design),
patient characteristics (mean age, sex ratio, number of patients
with cardiac amyloidosis, type of cardiac amyloidosis), and

technical aspects (radiotracer used, injected activity, time be-
tween radiotracer injection and image acquisition, type of scin-
tigraphic acquisition, image analysis, applied reference stan-
dard). For each study the numbers of true-positive, false-posi-
tive, true-negative and false-negative bone scintigraphy findings
in the diagnosis of cardiac ATTR were recorded.

Quality assessment

The 2011 Oxford Centre for Evidence-BasedMedicine check-
list for diagnostic studies was used to assess the quality of the

Fig. 1 Flow chart of the search for eligible studies on the diagnostic performance of bone scintigraphy in patients with cardiac amyloidosis
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Table 1 Basic study and patient characteristics

Reference Year Country Study design Patients
evaluated

Mean
age (years)

Gender
(% male)

Type of cardiac
amyloidosis

Type of
cardiac ATTR

[47] 2017 Italy Retrospective two-centre 85 76 78 39 ATTR, 26 AL 16 ATTRm, 23 ATTRwt

[48] 2017 Australia Prospective single-centre 21 65 90 13 ATTR, 8 AL 3 ATTRm, 8 ATTRwt

[41] 2016 USA Retrospective multicentre 171 73 86 121 ATTR, 34 AL 37 ATTRm, 72 ATTRwt,
12 ATTRunknown

[49] 2016 Several Retrospective multicentre 374 NR NR 261 ATTR, 80 Other
amyloidosis

NR

[42] 2015 France Prospective single-centre 98 75 70 47 ATTR, 14 AL 26 ATTRm, 21 ATTRwt

[50] 2015 Greece Retrospective two-centre 12 70.6 66.7 6 ATTR, 6 AL NR

[43] 2014 UK Retrospective single-centre 236 72 80 178 ATTR, 58 Other
amyloidosis

46 ATTRm, 132 ATTRwt

[44] 2013 USA Prospective single-centre 45 70 84 33 ATTR, 12 AL 17 ATTRm, 16 ATTRwt

[51] 2012 Spain Retrospective single-centre 19 64.4 58 8 ATTR, 11 AL 3 ATTRm, 5 ATTRwt

[45] 2011 Italy Retrospective single-centre 94 62 80 45 ATTR, 34 AL 28 ATTRm, 17 ATTRwt

[46] 2005 Italy Retrospective single-centre 35 57.6 NR 15 ATTR, 10 AL 10 ATTRm, 5 ATTRwt

[52] 2002 Germany Retrospective single-centre 18 54.4 50 8 ATTR 8 ATTRm

NR not reported, CA cardiac amyloidosis, ATTR transthyretin-related amyloidosis, AL amyloid light-chain amyloidosis, ATTRm mutant transthyretin-
related amyloidosis, ATTRwt wild-type transthyretin-related amyloidosis, ATTRunknown transthyretin-related amyloidosis with unknown genotype

Table 2 Technical aspects of bone scintigraphy in the included studies

Reference Radiotracer Injected
activity

Time between radiotracer
injection and image acquisition

Type of scintigraphic
acquisition

Image analysis

[47] 99mTc-HMDP 700–740 MBq 150 min Planar (WB) Visual and semiquantitative
(HR, WBR, H/WB)

[48] 99mTc-DPD 700–800 MBq 5 min and 3 h Planar (WB) and
SPECT/CT thorax

Visual and semiquantitative
(HR, WBR, H/WB)

[41] 99mTc-PYP 370–925 MBq 1 h or 3 h Planar (thorax) Visual and semiquantitative
(H/CL)

[49] 99mTc-DPD, 99mTc-PYP,
99mTc-HMDP

NR 1 h or 3 h Planar (WB) Visual

[42] 99mTc-HMDP 10 MBq/kg 10 min and 3 h Planar (WB) Visual and semiquantitative
(HR, WBR, SR, H/WB, H/S)

[50] 99mTc-PYP 555–925 MBq 1 h, 2 h and/or 3 h Planar (thorax) and
SPECT (thorax)

Visual and semiquantitative
(H/CL)

[43] 99mTc-DPD 700 MBq 3 h Planar (WB) and
SPECT/CT (thorax)

Visual

[44] 99mTc-PYP 555–925 MBq 1 h Planar (thorax) and
SPECT (thorax)

Visual and semiquantitative
(H/CL)

[51] 99mTc-DPD 740 MBq 3 h Planar (WB) and
SPECT (thorax)

Visual

[45] 99mTc-DPD 740 MBq 5 min and 3 h Planar (WB) and
SPECT (thorax)

Visual and semiquantitative
(HR, WBR, H/WB)

[46] 99mTc-DPD 740 MBq 5 min and 3 h Planar (WB) and
SPECT (thorax)

Visual and semiquantitative
(HR, WBR, H/WB)

[52] 99mTc-DPD 550–650 MBq 5 min and 3 h Planar (WB) and
SPECT (thorax)

Visual and semiquantitative
(HR, WBR, H/WB)

NR not reported, SPECT single-photon emission computed tomography, CT computed tomography, WB whole-body, 99m Tc-DPD technetium-99m
diphosphono-propano-dicarboxylic acid, 99m Tc-PYP technetium-99m pyrophosphate, 99m Tc-HMDP technetium-99m hydroxymethylene
diphosphonate, H/CL heart/contralateral thorax count ratio, HR heart tracer retention,WBR whole-body tracer retention, SR skull retention, H/WB heart
to whole-body uptake ratio, H/S heart to skull uptake ratio
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included studies [11]. This checklist has five major parts, as
follows: representative spectrum of the patients, consecutive
patient recruitment, ascertainment of the gold standard

regardless of the index test results, independent blind compar-
ison between the gold standard and index test results, enough
explanation of the test to permit replication [11].

Table 3 Accuracy of scintigraphy for the diagnosis of cardiac ATTR

Reference Reference standard True-positive False-positive True-negative False-negative Sensitivity (%) Specificity (%)

[47]a Biopsy and genotyping/
immunohistochemistry

36 0 46 3 94 100

[48]a Biopsy and genotyping/
immunohistochemistry

13 1 7 0 100 88

[41] Biopsy and genotyping/
immunohistochemistry

106 6 44 15 88 88

[49]a Biopsy and genotyping/
immunohistochemistry

238 15 98 23 91 87

[42] Biopsy and genotyping/
immunohistochemistry

39 0 51 8 83 100

[50]a Biopsy combined with
clinical and laboratory data

6 2 4 0 100 66.7

[43] Biopsy and genotyping/
immunohistochemistry
combined with clinical
and laboratory data

159 1 56 19 89 98

[44] Biopsy and genotyping/
immunohistochemistry

32 2 10 1 97 83

[51]a Biopsy and genotyping/
immunohistochemistry

8 0 11 0 100 100

[45] Biopsy and genotyping/
immunohistochemistry

45 6 43 0 100 88

[46] Biopsy and genotyping/
immunohistochemistry

15 0 20 0 100 100

[52]a Biopsy and genotyping/
immunohistochemistry

8 0 10 0 100 100

Pooled analysis 92.2
(95% CI 89–95)

95.4
(95% CI 77–99)

A visual grading score of ≥2 was considered positive for ATTR
a Included in the meta-analysis; 95% CI 95% confidence interval

Table 4 Results of the quality assessment of the studies included in the systematic review

Reference Representative
spectrum of
patients

Consecutive
recruitment of
patients

Ascertainment of the gold
standard regardless of the
index test results

Blind comparison of
the index test and
reference standard

Enough explanation of
the index test to permit
replication

Oxford Centre for
Evidence-BasedMedicine
2011 level of evidencea

[47] Yes No Yes Yes Yes 3

[48] Yes Yes Yes Yes Yes 2

[41] Yes No Yes Yes Yes 3

[49] Yes No Yes Yes Yes 3

[42] Yes Yes Yes Yes Yes 2

[50] Yes No Yes Yes Yes 3

[43] Yes No Yes Yes Yes 3

[44] Yes Yes Yes Yes Yes 2

[51] Yes No Yes Yes Yes 3

[45] Yes No Yes Yes Yes 3

[46] Yes No Yes Yes Yes 3

[52] Yes No Yes Yes Yes 3

a https://www.cebm.net/wp-content/uploads/2014/06/CEBM-Levels-of-Evidence-2.1.pdf
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Statistical analysis

Sensitivity and specificity, positive and negative likelihood
ratio (LR+ and LR−) and diagnostic odds ratio (DOR) of bone
scintigraphy (using visual analysis of planar images) in pa-
tients with cardiac ATTR was obtained from individual stud-
ies in a per-patient-based analysis. A bivariate random effects
model was used for statistical pooling of data; this technique is
considered an appropriate method for pooling sensitivity and
specificity from multiple diagnostic test accuracy studies be-
cause it takes into account any correlation that may exist be-
tween sensitivity and specificity [10]. Pooled data are present-
ed with 95% confidence intervals (95% CI). Furthermore, a
summary receiver operating characteristic (sROC) curve was
obtained using a bivariate random effects model [10].
Heterogeneity was estimated using the I-squared index (I2)
which represents the percentage variation across studies that
is due to heterogeneity rather than chance [12]. A subanalysis
of sensitivity and specificity of bone scintigraphy taking into
account the different radiopharmaceuticals used was also per-
formed. Statistical analyses were performed using
OpenMetaAnalyst software that uses R as the underlying

statistical engine. OpenMetaAnalyst (http://www.cebm.
brown.edu/openmeta/) is funded by the Agency for
Healthcare Research and Quality (Rockville, MD, USA).

Results

Literature search

The comprehensive computer literature search of PubMed/
MEDLINE and the Cochrane database revealed 214 articles.
Review of titles and abstracts led to the exclusion of 174
articles: 127 not in the field of interest of this review, 31
reviews, editorials or letters, 16 case reports or small case
series. Thus, 40 articles were selected and retrieved in full-
text version [13–52]. Subsequently, 28 full-text articles were
excluded from the analysis due to insufficient data to reassess
sensitivity and specificity [13–40]. No additional studies were
found on screening the references of these articles. Finally, 12
articles including data on the diagnostic performance of bone
scintigraphy in cardiac ATTR were eligible for the qualitative
analysis (systematic review) [41–52]. After reviewing the full-

Fig. 2 Example of planar bone scintigraphy images showing the visual grading of cardiac uptake. From Glaudemans et al. [35] with modifications
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text articles, six were excluded from the quantitative analysis
(meta-analysis) due to patient data overlap [41–46] and six
including 529 patients were selected for the meta-analysis
[47–52] (Fig. 1). The characteristics of the selected studies
are presented in Tables 1, 2, 3 and 4.

Qualitative analysis (systematic review)

The database search led to the selection of 12 full-text articles
including quantitative data on the diagnostic performance
(sensitivity and specificity) of bone scintigraphy in cardiac
ATTR published over the past 16 years (Table 1) [41–52].
Most of the studies were retrospective (75%) and single-
centre (67%). Several countries of Europe, North America
and Oceania were represented. The mean age of the patients
included in these studies ranged from 54 to 76 years, and
approximately 76% were men. Most studies included a mixed
population of patients with cardiac amyloidosis including
ATTR (ATTRm and ATTRwt) and other amyloidosis such
as AL (Table 1).

The bone scintigraphy in the included studies showed het-
erogeneous technical imaging aspects (Table 2). The radio-
tracer used was technetium-99m diphosphono-propano-
dicarboxylic acid (99mTc-DPD) in seven studies, technetium-
99m pyrophosphate (99mTc-PYP) in four studies and
technetium-99m hydroxymethylene diphosphonate (99mTc-
HMDP) in three studies. In one article three different radio-
tracers were used [49]. The mean injected radiotracer activity
and time between radiotracer injection and image acquisition
were quite different among the included studies. The acquisi-
tion protocol included planar images (thorax or whole-body)
in all studies and additional tomographic acquisitions (SPECT
or SPECT/CT) in 67% of studies (Table 2). The scintigraphic
images were analysed qualitatively (visual analysis) in all
studies, and also semiquantitatively in 75% of studies
(Table 2). The visual analysis was performed using the fol-
lowing grading system: grade 0 absent cardiac uptake, grade
1mild cardiac uptake less than that of bone, grade 2moderate
cardiac uptake equal to that of bone, and grade 3 high cardiac
uptake greater than that of bone (Fig. 2). For the semiquanti-
tative analysis different methods were used including heart/
contralateral thorax count ratio (H/CL), heart tracer retention
(HR), whole-body tracer retention (WBR), skull retention
(SR), heart to whole-body uptake ratio (H/WB), and heart to
skull uptake ratio (H/S; Table 2). The reference standards used
included biopsy and genotyping/immunohistochemistry in
most of the studies (Table 3).

Overall, bone scintigraphy with different technetium-
labelled radiotracers has been used as a very useful noninva-
sive tool for the assessment of cardiac ATTR with high sensi-
tivity and specificity values using visual analysis of planar
images (Table 3) [41–52]. Semiquantitative analysis may fur-
ther increase the diagnostic accuracy of the scintigraphic

method [41, 42, 44–48, 50, 52]. No significant difference in
diagnostic performance of this scintigraphic method in rela-
tion to country of origin of the patients with cardiac ATTRwas
found. On the other hand, a slightly higher sensitivity of bone
scintigraphy in patients with cardiac ATTRwt than in those
with ATTRm was found in the multicentre study by Gillmore
et al. (89.5% vs. 80.2%, respectively, using a grading score of
2 as the positivity threshold), thus demonstrating the possible
influence of the genetic profile of cardiac ATTR on the scin-
tigraphic findings [49].

Quantitative analysis (meta-analysis)

Six studies including 529 patients were selected for the meta-
analysis [47–52]. The pooled performance of bone scintigra-
phy in the diagnosis of cardiac ATTR using visual analysis (a
visual grading score of ≥2 was considered positive for ATTR)
are presented in Figs. 3 and 4.

The sensitivity of bone scintigraphy ranged from 83% to
100%, with a pooled estimate of 92.2% (95% CI 89–95%),
whereas the specificity ranged from 67% to 100%, with a
pooled estimate of 95.4% (95% CI 77–99%). The pooled
LR+, LR− and DOR were 7 (95% CI 3.4–14.4), 0.09 (95%
CI 0.06–0.14), and 81.64 (95% CI 43.4–153.4), respectively.
The heterogeneity among the included studies was moderate
(I2 < 50%). The sROC curve (Fig. 3) shows excellent perfor-
mance of bone scintigraphy with technetium-labelled radio-
tracers in detecting myocardial amyloid deposits in patients

Fig. 3 Bivariate summary ROC curve of the diagnostic performance of
bone scintigraphy in patients with cardiac ATTR
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with ATTR.With regard to the subanalysis taking into account
the different radiopharmaceuticals used, the pooled sensitivity
and specificity of 99mTc-DPD scintigraphy were 94.6% (95%
CI 90–97%) and 88.4% (95% CI 81–93%), respectively. The
pooled sensitivity and specificity of 99mTc-PYP scintigraphy
were 87.4% (95% CI 79–93%) and 75.4% (95% CI 57–88%),
respectively. The pooled sensitivity and specificity of 99mTc-
HMDP scintigraphy were 85.7% (95% CI 66–95%) and
97.5% (95% CI 84–99%), respectively. No statistically signif-
icant differences in diagnostic performance were found in re-
lation to the different radiopharmaceuticals used.

Discussion

Several studies have used bone scintigraphy with
technetium-labelled bone-seeking radiopharmaceuticals in

the differential diagnosis of cardiac ATTR from other car-
diac amyloidosis, and have shown different values of sen-
sitivity and specificity. However, most of these studies had
limited power, due to the relatively small numbers of pa-
tients enrolled and assessed. In order to derive more ro-
bust estimates of the diagnostic performance of bone scin-
tigraphy with technetium-labelled radiotracers in this set-
ting we pooled the data from the published studies. The
pooled analysis indicated that bone scintigraphy with
technetium-labelled bone-seeking radiopharmaceuticals
shows excellent accuracy in diagnosing cardiac ATTR by
visual image analysis with a visual grading score of ≥2
considered positive for ATTR. Using a visual grading
score of 1 would increase sensitivity at the price of a
significant reduction in specificity as a consequence of
low cardiac radiotracer uptake in patients with cardiac am-
yloidosis other than ATTR [41–52].

Fig. 4 Plots of individual studies and pooled positive likelihood ratios, negative likelihood ratios and diagnostic odds ratios of bone scintigraphy in
patients with cardiac amyloidosis, including 95% confidence intervals (95% CI). The size of the squares indicates the weight of each study
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A possible influence of the TTR genetic profile and ATTR
amyloid fibril composition on scintigraphic findings has been
hypothesized [23, 29]. Two different types of amyloid fibrils
have been identified (type A and type B). Type B fibrils have
been found predominantly in patients with early-onset
ATTRm amyloidosis with V30M mutation and in patients
carrying the Y114Cmutation, whereas type A fibrils are noted
in patients with all other mutations currently examined as well
as in ATTRwt [29]. As demonstrated in some studies, bone
scintigraphy can often be negative in patients with type B
amyloid fibrils and usually positive in patients with type A
amyloid fibrils [23, 29].

Positive bone scintigraphy with technetium-labelled bone-
seeking radiopharmaceuticals (grade 2 or 3 cardiac uptake on
visual analysis) in the absence of detectable monoclonal pro-
tein in the serum and urine on serum free light chain ratio
testing and immunofixation allows the diagnosis of cardiac
ATTR without the need for histological confirmation [49].
The combination of abnormal results on serum free light chain
assay or serum/urine immunofixation and grade 0 cardiac up-
take on bone scintigraphy in a patient with suspected cardiac
amyloidosis makes the diagnosis of AL likely, but this needs
to be confirmed by biopsy including immunohistochemistry
[1]. A visual grading score of 1 on bone scintigraphy in a
patient with suspected cardiac amyloidosis may be due to
either ATTR or AL, and in such a patient measurement of free
light chains and abdominal fat biopsy are needed to clarify the
diagnosis [1]. In addition, from a clinical viewpoint it remains
necessary to exclude other possible causes of cardiac bone-
seeking tracer uptake, such as myocardial infarction,
hypercalcaemia or a postradiation effect [53, 54].

We were able to include only six studies in our meta-analy-
sis, limiting the statistical power of the analysis. Nevertheless, a
significant number of patients was obtained by pooling data
from these six studies (n = 529). We determined the diagnostic
performance of bone scintigraphy in patients with cardiac
ATTR using visual analysis of planar images. However, tomo-
graphic acquisition (SPECT) may be useful to evaluate the
regional distribution of radiopharmaceutical uptake in the heart.
Sperry et al. found that there is decreased 99mTc-PYP uptake in
the apical segment compared with the mid and basal segments
of the LV in patients with cardiac ATTR, mimicking apical-
sparing longitudinal strain seen on echocardiography [14].
This apical-sparing scintigraphic pattern in the LV of patients
with cardiac ATTR has also been observed in studies using 99m

Tc-HMDP and 99mTc-DPD [17, 21]. The evaluation of regional
distribution of bone-seeking radiopharmaceuticals in the myo-
cardiummight be used in clinical trials to measure the response
to treatment in patients with cardiac ATTR or to demonstrate
the segmental progression of the disease [14, 17, 21].

Heterogeneity among the studies may be a potential source
of bias in a meta-analysis. This heterogeneity is likely to arise
through methodological diversity among the different studies

(Table 2). The baseline differences among the patients in the
included studies (Table 1) and the study quality (Table 4) may
also contribute to the heterogeneity of the results. However,
we failed to detect significant heterogeneity among the studies
in the pooled analysis (I2 < 50%).

The diagnostic accuracy of a test is not a measure of clinical
effectiveness and improved accuracy does not necessarily re-
sult in improved patient outcomes. Overall, our systematic
review andmeta-analysis demonstrated that bone scintigraphy
with technetium-labelled radiotracers has excellent accuracy
for the noninvasive diagnosis of cardiac ATTR. Studies on the
cost-effectiveness of bone scintigraphy in patients with cardi-
ac ATTR are needed to confirm the usefulness of this func-
tional imaging method in this setting. The inclusion of bone
scintigraphy in the guidelines for the diagnostic work-up of
patients with suspected cardiac ATTR will be the next step.
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