
Pitfalls of the semi-quantitative analyzing
99mTc-pyrophosphate planar images for 
diagnosing transthyretin cardiac 
amyloidosis: a possible solution

Yuankai Zhu, et al. Diagnostics (Basel) 2022;12(1):94. 
doi:10.3390/diagnostics12010094.

Summary 
at-a-glance Methodology Conclusions and 

implications GlossaryResults

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8774906/


Summary at-a-glance: 
There is a lack of established 

confirmatory protocols to 
diagnose ATTR-CA using nuclear 
scintigraphy. This retrospective 
pilot study re-examined planar 

and SPECT imaging from 
patients with ATTR-CA to 

address the issue of 
“false positive” diagnoses
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99mTc-PYP, 99mTc-pyrophosphate; AL, amyloid light chain; ATTR-CA, transthyretin cardiac amyloidosis; h, hour; 
SPECT/CT, single-photon emission computed tomography-computerized tomography; VGS, visual grading scale; VGSr, visual grading 
scale relative to ribs; VGSs, visual grading scale relative to the upper segment of sternum.

Introduction 
• Prognosis for patients with advanced transthyretin cardiac amyloidosis 

(ATTR-CA) remain poor; early diagnosis is critical to improve outcomes
• Invasive endomyocardial biopsy, the traditional diagnostic gold standard for 

ATTR-CA, can now be avoided in patients with suspected disease through the 
use of nuclear scintigraphy 

• Confirmed myocardial uptake of 99mTc-pyrophosphate (99mTc-PYP), in the 
absence of amyloid light chain (AL) abnormalities, is diagnostic for ATTR-CA

• Two different planar approaches have been established for interpreting planar 
images, although both are prone to pitfalls: 

• 1-hour (h) heart-to-contralateral (H/CL) ratio 

• 3-h visual grading scale (VGS) relative to ribs (VGSr)

• This study explored the diagnostic practicality of a 3-h VGS relative to the 
upper segment of sternum (VGSs) approach for interpreting 99mTc-PYP images

Conclusions and implications
• The 3-h VGSs approach proved identical in accuracy to the gold standard

• The authors concluded that this approach should be the preferred method for 
interpreting 99mTc-PYP planar images

• Further, only one imaging session (planar and single-photon emission 
computed tomography-computerized tomography [SPECT/CT]) at 3 h would be 
sufficient for ATTR-CA diagnosis



Methodology – subjects and study design

99mTc-PYP, 99mTc-pyrophosphate; ATTR-CA, transthyretin cardiac amyloidosis; CT, computed tomography; 
h, hour; H/CL, heart-to-contralateral; ROI, region of interest; SPECT/CT, single-photon emission computed 
tomography-computerized tomography; VGS, visual grading scales; VGSr, visual grading scale relative to ribs; 
VGSs, visual grading scale relative to the upper segment of sternum.

Subjects
• Forty-two patients with suspected ATTR-CA referred for 99mTc-PYP scintigraphy from March 2019 to June 2021 

and who underwent assessment using planar and SPECT/CT imaging (1-h or 3-h) were retrospectively assessed

Imaging
• Image acquisition: chest planar imaging followed by dual SPECT/CT imaging was performed (1-h and 3-h). 

Low-dose CT was used to confirm localization of the myocardium when needed for interpreting images
• Image analysis: visualization of either diffuse or focal radiotracer uptake in the myocardium on SPECT/CT 

images was deemed a positive scan. H/CL ratio and two semi-quantitative approaches of VGS (VGSr and 
VGSs) were used to interpret the 1-h and 3-h planar images

• H/CL ratio: a region of interest (ROI) was drawn over the precordium on anterior planar images and 
mirrored to the contralateral chest. The ratio of precordium ROI to contralateral chest ROI (mean counts 
per pixel) was calculated as the H/CL ratio. H/CL ratio ≥1.5 on a 1-h image or ≥1.3 on a 3-h image was 
considered positive

• VGSr and VGSs: these semi-quantitative approaches used a grading scale to determine myocardial 
radiotracer uptake (Grade 0–3). Grading was dependent on radiotracer uptake in the myocardium 
compared with the VGSr or VGSs. Grade ≥2 was considered positive for this approach

Read more: 
pages 2–4 of published paper 
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Demographic and clinical characteristics of patients referred 
for 99mTc-PYP scintigraphy

99mTc-PYP, 99mTc-pyrophosphate; AL, amyloid light chain; ATTR-CA, transthyretin cardiac amyloidosis; 
BNP, b-type natriuretic peptide; CAD, coronary artery disease; echo, echocardiogram; eGFR, estimated glomerular 
filtration rate; H/CL, heart-to-contralateral; LV, left ventricular; VGSr, visual grading scale relative to ribs; 
VGSs, visual grading scale relative to the upper segment of sternum.

• Of the 42 patients included, 5 patients were 
categorized as “strongly suggestive” of 
ATTR-CA; the remaining 37 patients were 
categorized “non-suggestive” of ATTR-CA 

• Six patients with positive AL findings 
were categorized as “non-suggestive”

• All five “strongly suggestive” patients 
were negative for AL abnormalities

• Compared with patients categorized “ as non-
suggestive”, patients categorized as “strongly 
suggestive of ATTR-CA” had significantly: 

• Greater thickness of both 
interventricular septum and LV 
posterior wall

• Greater eGFR and a higher mean 
level of Troponin I

• Higher H/CL ratio, VGSr, and VGSs at 
both 1 h and 3 h

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8774906/
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VGSs demonstrated similar accuracy to SPECT/CT images in
detection of “false positives” in ATTR-CA

1. Dorbala S, et al. J Nucl Cardiol 2021;28(4):1769–74.
99mTc-PYP, 99mTc-pyrophosphate; ATTR-CA, transthyretin cardiac amyloidosis; h, hour; H/CL, heart-to-contralateral; 
SPECT/CT, single photon emission computed tomography-computerized tomography; 
VGSr, visual grading scale relative to ribs; VGSs, visual grading scale relative to the upper segment of sternum.

• The classification results of H/CL ratio, VGSr, VGSs, and SPECT/CT approaches at both 1 h and 3 h were compared with the 
classification criteria of expert consensus recommendations1

• 6 patients with “false positive” findings from the 3-h VGSr approach showed no evidence of radiotracer myocardial uptake in 
their corresponding SPECT/CT images

• The same occurred in 2, 5, 23, and 8 patients by using 1-h H/CL ratio, 3-h H/CL ratio, 1-h VGSr, and 1-h VGSs approaches, respectively
• Interpretation of planar images using the 3-h VGSs approach showed comparable diagnostic capabilities to SPECT/CT 

approaches (1-h or 3-h), and was identical to the classification criteria

99mTc-PYP planar and 
SPECT/CT scans 

obtained at 1 and 3 h in 
typical cases

Comparison of 
classification results 
between diagnostic 
criteria and various 

interpretation 
approaches for 

99mTc-PYP
scintigraphy

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8774906/


Conclusions and implications

Implications
• Newly proposed guidelines recommend that even if diffuse 

99mTc-PyP uptake in the myocardium is visually verified by 
SPECT images, further semi-quantitative analysis on planar 
images is still required

• Findings from this pilot study suggest single SPECT/CT could 
independently be an alternate classification criterion for 
99mTc-PYP imaging

• Further harmonization of screening for ATTR-CA is necessary

• Expert consensus recommends 1-h or 3-h SPECT; however, this is 
not always suitable for those with heart failure. VGSs could present 
an appropriate alternative

Links to further useful papers/materials: Dorbala S, et al. J Nucl Cardiol 2021;28(4):1769–74.

Discussion points 
• Neither 1- nor 3-h 99mTc-PYP SPECT/CT images combined 

with subsequent semi-quantitative interpretation of planar 
images led to an “equivocal of ATTR-CA”

• In addition to 1- and 3-h SPECT/CT approaches, the 
interpretation of planar images by referring to the 3-h VGSs 
approach was also applicable, which was identical to the 
classification criteria

• VGSs interpretation of planar imaging presents a new 
approach to screening that is comparable to SPECT/CT 
imaging in ATTR-CA diagnosis, and which requires only one 
imaging session

99mTc-PYP, 99mTc-pyrophosphate; ATTR-CA, transthyretin cardiac amyloidosis; h, hour; 
SPECT-CT, single photon emission computed tomography-computerized tomography; 
VGSs, visual grading scale relative to the upper segment of sternum. 

Read more: 
pages 6–10 of published paper 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8774906/
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Glossary

• Visual grading scale relative to the upper segment of sternum: semi-quantitative approach comparing 
radiotracer uptake in the myocardium relative to the upper segment of the sternum. Grading is determined 
based on the Perugini scale for scintigraphy

• Visual grading scale relative to the rib: semi-quantitative approach comparing radiotracer uptake in the 
myocardium relative to the rib 

• Heart-to-contralateral ratio: a ratio of radiotracer uptake is measured by drawing a ROI (usually a circle) 
over these regions. A ratio of ≥1.5 (1-h planar imaging) or ≥1.3 (3-h) is considered indicative of ATTR-CM

ATTR-CM, transthyretin amyloid cardiomyopathy; ROI, region of interest.


	Slide Number 1
	Summary at-a-glance: �There is a lack of established confirmatory protocols to diagnose ATTR-CA using nuclear scintigraphy. This retrospective pilot study re-examined planar and SPECT imaging from patients with ATTR-CA to address the issue of �“false positive” diagnoses�
	Methodology – subjects and study design
	Demographic and clinical characteristics of patients referred for 99mTc-PYP scintigraphy
	VGSs demonstrated similar accuracy to SPECT/CT images in�detection of “false positives” in ATTR-CA
	Conclusions and implications
	Glossary

