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INTRODUCTION

Cardiac amyloidosis is characterized by the abnor-

mal deposition of misfolded proteins in the heart.1,2 A

characteristic feature of amyloid proteins are the wrin-

kled ß-pleated sheets formed within infiltrated tissues. In

the majority of cases, cardiac amyloid can be attributed

to light chain amyloid (AL) or transthyretin amyloid

(ATTR) protein accumulation. ATTR may be further

sub-classified as wild type (senile) or gene mutation

(familial).2 Clinically, ATTR and AL can be similar and

distinguishing between them may be a challenge.

Scintigraphy using technetium-99m (99mTc) labeled

bone tracers is helpful in detecting cardiac amyloid

and may help differentiate between ATTR and AL

cardiac amyloid.

ATTR cardiac amyloid typically demonstrates avid

myocardial uptake of 99mTc-labeled bone tracers,

whereas in AL cardiac amyloid, cardiac uptake if

present, is characteristically low. On occasion however

a cardiac amyloid SPECT study using a 99mTc-labeled

bone tracer may be equivocal for ATTR amyloid as the

low myocardial uptake of tracer could represent either

ATTR or AL amyloid.3

Current American Society of Nuclear Cardiology

practice points for 99mTc-pyrophosphate imaging

suggest image acquisition at 1 hour after tracer injection

and at 3 hours if significant blood pool is seen on the

1 hour images.3 Images are reviewed using a visual

grading approach proposed by Perugini et al4 and a

semi-quantitative heart to contra-lateral lung (H/CL)

ratio (Figure 1). ATTR amyloid is strongly suggested by

a Perugini grade of[ 1 and a H/CL ratio[ 1.5.

Equivocal studies have H/CL ratios of 1-1.5 and/or

Perugini grade of 0-1.3

SEMI-QUANTITATIVE ANALYSIS USING 99MTC-
HYDROXYMETHYLENE DIPHOSPHATE (HMDP)

The inclusion of semi-quantitative analysis to the

diagnostic protocol is a recent addition.3,5 Prior approa-

ches for non-biopsy diagnosis of cardiac ATTR have

been framed around the use of Perugini visual grading.

Semi-quantitative analysis is an attractive goal for

scintigraphic assessment of cardiac amyloid and can

support the visual analysis. As well, semi-quantitative

analysis may offer other benefits including interval

disease monitoring, assessing treatment response,

excluding disease with screening, and prognosis

evaluation.6

In this issue of the Journal, Gallini et al present a

comparison of the operating characteristics of six semi-

quantitative measures of cardiac amyloid uptake using

heart to different-body-region ratios in 76 patients with

suspected cardiac amyloid.7 In addition to comparing

semi-quantitative indices, they determined whether any

of the examined ratios may better discriminate equivocal

scans with semi-quantitative grade of 0-1 from scans

with grade 2-3 visual scores to more reliably differen-

tiate ATTR from AL cardiac amyloid.

All patients had 99mTc-HMDP whole body scintig-

raphy at 150 minutes following a 740 MBq injection.

Semi-quantitative analysis was performed comparing

cardiac uptake with (a) skeletal regions (skull or pelvis)
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(b) the whole body (H/WB) or (c) heart to contra-lateral

lung (H/CL) ratios. Visual comparison of heart to rib

uptake was made using the Perugini approach (cardiac

uptake being graded as 0 = no uptake, 1 = less than rib

uptake, 2 = similar to rib uptake, and 3 = greater than

rib uptake).4 Of the 76 study patients, ATTR cardiac

amyloid was found in 53, AL amyloid in 12 and non-

amyloid related left ventricular hypertrophy (LVH) in 11

patients.

Consistently, elevated ratios of heart vs the different

body regions were found in patients with ATTR vs the

other patient groups. These findings were also noted

using a novel ratio of heart/pelvis presented for the first

time in this report. The highest ratios were seen with

heart/whole body (H/WB) ratios (6.0 ± 1.6). Using a H/

WB ratio of 3.28, 100% sensitivity and specificity were

observed for ATTR amyloid. A ratio of 1.37 for H/CL

demonstrated a sensitivity of 98% and specificity of

100% for ATTR amyloid. One false negative occurred

using H/CL ratio due to lung uptake of 99mTc-HMDP.

The novel parameter of H/P ratio performed well with a

specificity of 100% and sensitivities of C 95%.

Statistically different H/WB ratios were seen

between Perugini scores of 1 and 2 (Table 3 in the

paper). Thus, H/WB semi-quantitative ratios could help

to better differentiate those patients with AL and ATTR

cardiac amyloid when the Perugini scores are 1.

WHICH 99MTC-LABELED BONE TRACER IS BEST?

Several 99mTc-labeled bone tracers have been used

to assess ATTR cardiac amyloid including HMDP, 3,3-

diphosphono-1,2-propanodicarboxylic acid (DPD), and

pyrophosphate (PYP).8 These tracers demonstrate reten-

tion in myocardial scar following myocardial infarction

although the distribution in such circumstances will be

restricted to the coronary territory involved. There are

several suggested bindings sites for the tracers including

amyloid microcalcifications, calcium deposits, intracel-

lular calcium or intracellular macromolecules.2 Both

ATTR and AL amyloid have areas of microcalcification

on endomyocardial biopsy. Microcalcification was more

abundant in cases of ATTR amyloid and may explain

the more avid tracer retention in ATTR vs AL cardiac

amyloid.9

No study has compared the performance of all three

tracers probably due to the regional variations in

availability of the radiotracers. Although in Italy both

DPD and HMDP are available, local health service

buying policies have restricted certain regions to

Figure 1. One hour 99mTc-pyrophosphate planar and SPECT imaging a patient with biopsy
positive wild-type ATTR cardiac amyloid. Perugini grade 3 uptake on visual scoring. Heart/contra-
lateral lung ratio 3.17.
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HMDP.7 PYP is available in North America and DPD is

used in other European centers. Discerning the merits of

one tracer over another is therefore challenging. In a

collaborative paper considering the non-biopsy diagno-

sis of cardiac amyloid that included British, European

and US centers, some observations are possible regard-

ing the performance of all three radiotracers although

the patients were not cross tested with each tracer.5

HMDP scintigraphy was performed in 18 cases of

biopsy proven cardiac amyloid and no cases of AL

amyloid were noted to have a Perugini score of[ 0. In

contrast within both DPD and PYP imaged cohorts,

cases of AL amyloid were noted to have Perugini grades

of 0-3. The cohorts of these patients were much larger,

244 patients for DPD and 109 for PYP. So although

HMDP may appear to be more selective for ATTR than

DPD or PYP, the small numbers of patients imaged in

this study with HMDP make drawing a firm conclusion

difficult. In addition, one patient imaged with HMDP in

the study by Gallini et al was noted to have a Perugini

grade 1 in the context of AL amyloid.7 Perhaps some

degree of uptake of tracer uptake is to be expected in AL

amyloid in light of the presence of microcalcifications at

endomyocardial biopsy in this condition.

The absence of extra cardiac soft tissue uptake of

PYP is an attractive property 2 compared to DPD and

HMDP.10,11 Retention of tracers in extra cardiac tissues

may reduce cardiac retention even in the presence of

significant cardiac ATTR amyloid.6 Although the use of

SPECT may avoid false negatives due to lung uptake,

SPECT will not resolve the relative paucity of cardiac

tracer uptake due to its retention in visceral or skeletal

muscle binding sites.

WHOLE BODY OR CHEST PLANAR
SCINTIGRAPHY OR SPECT/CT

Gallini et al employed whole body planar scintig-

raphy rather than limiting their imaging to the chest.7

Our practice with 99mTc-PYP is to image only the chest

with planar and SPECT/CT (Figure 1). Most 99mTc-PYP

studies have used planar chest imaging and others have

found anecdotally that whole body imaging for 99mTc-

PYP does not provide additional data.2,12 In contrast,

whole body planar scintigraphy is used in most studies

with 99mTc-DPD perhaps as a result of extra cardiac soft

tissue uptake with this tracer.13,14 Prior studies examin-

ing the utility of 99mTc-HMDP have employed whole

body planar scintigraphy with or without SPECT imag-

ing.7,15-17 SPECT can be useful to assess blood pool or

rib uptake. CT may provide attenuation correction which

is not possible with planar imaging alone.2 In cardiac

centers, chest planar and cardiac SPECT/CT images

would be a more familiar technique rather than whole

body SPECT and a chest imaging approach for 99mTc-

PYP appears the most efficient.

SEMI-QUANTITATIVE ANALYSIS

Whether scintigraphy is limited to the chest or

includes the whole body, visual grading by the Perugini

method is possible. Similarly, whether imaging the

whole body or the chest alone, it is also possible to

perform semi-quantitative analysis. The utility of semi-

quantitative assessment using heart to body region ratios

has been previously described. Galat et al from the

Netherlands demonstrated that an early (10 min) heart to

mediastinal ratio of C 1.210 for HMDP discriminated

ATTR from AL cardiac amyloid with 100% sensitivity

and specificity.15 These results were obtained from a

cohort of 135 patients including 19 with AL amyloid

and 74 with TTR amyloidosis. Gallini et al reported that

a H/WB ratio of 3.28 had a 100% sensitivity and

specificity for ATTR cardiac amyloid.7 Similarly,

Perugini et al with 99mTc-DPD whole body imaging

and Bokhari et al with 99mTc-PYP chest imaging have

demonstrated excellent receiver operating characteristics

for semi-quantitative ratios.4,18 In light of the excellent

operating characteristic for H/CL semi-quantitative

ratios, whether whole body planar imaging with
99mTc-PYP to generate a H/WB semi-quantitative ratio

(similar to that achieved by Gallini et al) might improve

the diagnostic accuracy remains to be determined.

In addition to supporting the diagnosis of ATTR

cardiac amyloid, semi-quantitative analysis also predicts

prognosis. In contrast, the Perugini grading has failed to

demonstrate prognostic significance.13 Currently the

prognostic data supporting the utility of semi-quantita-

tive analysis have been performed using PYP and

DPD.12,14 In a multicenter US study which included 121

ATTR cardiac amyloid patients imaged with PYP-planar

imaging, a H/CL ratio of C 1.6 was associated with

decreased survival. Using a forward selection modeling

technique, mortality at 5 years was calculated to be 67%

vs 33% for those with or without an H/CL C 1.6

respectively.12 Although HMDP semi-quantitative anal-

ysis has not yet been shown to demonstrate prognostic

significance, there are no theoretical reasons for it to be

any less useful in this regard that PYP or DPD.

Since Perugini grades of 1-3 could represent AL

amyloid, it is important to rule out plasma cell

dyscrasias. The combination of (a) an absence of

monoclonal protein and (b) detection of Perugini grade

2-3 had a reported 100% specificity for ATTR amyloid

and was consistent across DPD, PYP, and HMDP

imaging.5 The sensitivity of this algorithm varied and

were 72, 70, and 57% for PYP, DPD, and HMDP,

respectively. The utility of a combined approach using
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an absence of monoclonal protein, early semi-quantita-

tive ratio (H/CL for PYP), and Perugini grading is likely

to be used in clinical practice.

FUTURE DIRECTIONS

Within nuclear cardiology, there has been significant

interest in the use of PET tracers for imaging cardiac

amyloid.2 Although PET will provide quantitative data as

to tracer retention and possibly assessment of cardiac

amyloid burden, the current novel PET tracers do not

distinguish ATTR from AL amyloid. 18F sodium fluoride

(NaF) has demonstrated some utility in detecting ATTR

but has not been compared with established 99mTc-labeled

bone tracers. Imaging with 99mTc scintigraphy promises

to continue for the foreseeable future as the imaging test of

choice to identify ATTR amyloid in suspected cases.

Nuclear imaging assessment of cardiac ATTR

amyloid is not yet wrinkle-free. The work of Gallini

et al provides further data on the potential for semi-

quantitative assessment to potentially improve the diag-

nostic accuracy of scintigraphy beyond that attained by

visual grading alone. Previous collaborative multicentre

work to write a diagnostic algorithm for ATTR amyloid

had included visual grading and not semi-quantitative

analysis.5 However, in recent ASNC and JNC publica-

tions, both visual grading and semi-quantitative analysis

of planar scintigraphy images were encouraged and this

reflects the additional diagnostic and prognostic data

determined from semi-quantitative analysis.2,3 Semi-

quantitative analysis from planar scintigraphy will likely

become more widely accepted as a part of the diagnostic

algorithm and smooth out some of the remaining

wrinkles in the accurate assessment of cardiac ATTR

amyloid.
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