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Cardiac amyloidosis (CA) is a rapidly progressing
cardiomyopathy which has garnered substantial atten-
tion due to recent major advancements in diagnostic
testing and treatment modalities for a disease that was
once considered incurable.! If untreated, median sur-
vival from diagnosis is < 6 months for light chain
cardiac amyloidosis (AL-CA) and 3 to 5 years for
transthyretin cardiac amyloidosis (TTR-CA).** Tech-
netium-99m pyrophosphate (Tc-99m PYP) scintigraphy
has a high diagnostic accuracy for TTR-CA and can be
performed by any laboratory with access to a SPECT
camera and Tc-99m PYP or another bone tracer. The
high diagnostic accuracy of Tc-99m PYP, along with the
absence of paraproteinemia, is very specific for TTR-
CA, obviating the need for endomyocardial biopsies in
most patients with suspected TTR-CA.

With the rapid evolution in imaging-based diagno-
sis of cardiac amyloidosis and the expected increase in
the performance of clinically indicated Tc-99m PYP
studies, there is an ongoing need for focused education.
A recent ASNC webinar ‘‘Cases in 99m-Tc-PYP Eval-
uation of ATTR Cardiac Amyloidosis: Interpretation
and Reporting’’ provided in-depth discussion on the
evaluation of Tc-99m PYP studies. This webinar fea-
tured real-life cases from several high-volume centers in
the country and highlighted the imaging and interpretive
challenges associated with contemporaneous Tc-99m
PYP scintigraphy. Like most cardiology fellows, the
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COVID-19 pandemic had affected my training due to
the precipitous drop in cardiac diagnostic testing and
interventions at the height of the pandemic. Similar to
other live online educational initiatives led by ASNC, I
found this focused webinar to be highly instructive and
practical (Figure 1). Herein, I summarize the salient
attributes of this webinar, with the aim of educating
other FITs and cardiologists alike, on the interpretation
and reporting of Tc-99m scintigraphy.

RATIONALE FOR TC-99M PYP SCINTIGRAPHY

Myocardial uptake of Tc-99m PYP, a bone-avid
radiotracer, has a high diagnostic accuracy for TTR-CA.
When appropriate technique and recognition of potential
confounders are accounted for, the diagnostic accuracy
of Tc-99m PYP scans for TTR-CA is extremely high,
with a reported sensitivity of > 99%. A visual grade of 2
or 3 uptake on planar images, combined with the
absence of a monoclonal protein spike in serum or urine,
has a reported specificity of 100%.* Tc-99m PYP
scintigraphy is used in conjunction with echocardiogra-
phy or cardiac magnetic resonance for the diagnosis of
TTR-CA, and the latter modalities provide integral
structural and hemodynamic assessment.’

INTERPRETATION OF TC-99M PYP
SCINTIGRAPHY

Careful evaluation of PYP images in a stepwise
fashion is required.

Step 1 Tomographic reconstruction

Tomographic acquisition of Tc-99m PYP is highly
recommended to confirm myocardial PYP uptake.

(a) Assess radiotracer uptake in the myocardium on
SPECT imaging
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Figure 1. #CardioTwitter is an invaluable resource to stay up to date with the latest in the Science
and connect with thought leaders. Here is a tweet of my favorite slides from the talk. Follow
hashtags like #CVNuc and #ASNC2020 for tweets pertaining to nuclear cardiology.

® If no uptake in the myocardium — the study is
negative

® [f uptake is present — proceed to ‘Step 2,” i.e.,
visual grading

(b) Differentiate myocardial uptake from the blood pool

® Repeat imaging at 3 hours if excessive blood pool
activity is noted at 1 hour.

Step 2 Semi-quantitative visual grading — compar-
ison of myocardial uptake to rib uptake

Semi-quantitative visual grading of radiolabeled
tracer uptake in the myocardium was first reported by
Perugini et. al using 99mTc-3,3-diphosphono-1,2-

propanodicarboxylic acid (Tc-99m DPD) in a cohort
of mixed TTR and AL cardiac amyloidosis. Sensitivity
and specificity for TTR-CA were 100% using 99m Tc
DPD.° This grading scale has come to be known as the
‘Perugini grading scale’ (Figure 2).

Step 3 Heart-to-contralateral ratio assessment (H/
CL ratio)

(a) Region of Interest (ROI) (Figures 3, 4).

® Heart ROI: In the anterior planar images, draw a
circular ROI over the heart.
The ROI should maximize heart coverage without
including adjacent lung or sternum.
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Grade 0
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Grade 1
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Uptake 2 Ribs

Grade 0

Grade 1

Grade 2

Grade 3

Grade Myocardial Tc-99m PYP Uptake

No uptake and normal bone uptake
Uptake less than rib uptake
Uptake equal to rib uptake

Uptake greater than rib uptake with
mild/absent rib uptake

Figure 2. Semi-quantitative visual grading — comparison of myocardial uptake to rib uptake.
[Image credit: James Bourque, MD MHS, UVA Health].

® Mirror the same size ROI over the contralateral
chest

® H/CL ratio is the ratio of heart mean counts to
contralateral lung mean counts

Caveats:

(b)

® H/CL ratio is useful for prognosis, but it is
insufficient for diagnosis of TTR-CA

® Cannot be used if visual grade is 0

® Can be used to classify equivocal studies (grade 1
vs 2) as positive or negative based on the ratio:
Positive — ratio of > 1.5 at 1 hour, > 1.3 at 3
hours

® Does not exclude disease if visual grade is 2 or 3

ASNC consensus recommendations for PYP
scintigraphy consider a scan to be positive if the visual
grade is > 2 while also highlighting the high diagnostic
accuracy of an H/CL ratio > 1.5 at 1 hour.” Sources of
error on PYP scintigraphy are listed in Table 1.

REPORTING OF TC-99M PYP SCINTIGRAPHY

The ASNC guideline for myocardial Tc-99m PYP
imaging has defined certain parameters which must be
incorporated in a report. This includes 5 key elements:

1. Demographics indication for the test, prior imaging,
biopsy results if performed

2. Method radiotracer dose, interval between injection
and scan, scan technique (planar and SPECT)

3. Findings

® Image quality

® Visual scan interpretation

® Semi-quantitative interpretation

® H/CL ratio (recommended for positive scans)

4. Ancillary findings whole body imaging, CT attenu-
ation correction

5. Conclusion:

® QOverall interpretation

Not suggestive: Visual grade 0
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Figure 3. Methodology for assessment of heart-to-contralateral (H/CL) ratio. ROI 1 encircles the
heart and has 33 mean counts per pixel. ROI 2 encircles the contralateral chest and has 17 mean
counts per pixel. Therefore, the H/CL ratio is 1.9. [Image credit: James Bourque, MD MHS, UVA
Health].
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Figure 4. Persistence of blood pool activity can be seen at 3 hours in patients with severely
reduced left ventricular function. PYP SPECT aides in identifying no myocardial isotope uptake
when activity was noted on A 1-hour and B 3-hour planar PYP imaging. Thus given the diagnostic,
therapeutic, and prognostic implications, planar findings should be confirmed with PYP SPECT
imaging. [Image credit:'].
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Table 1. Sources of error on PYP scintigraphy'®'?

Sources of error on PYP scintigraphy

H/CL Ratio Since the H/CL ratio relies on extra-cardiac tissue for comparison, pathology affecting these sites can
lead to erroneous results. Increased rib (metastasis) or muscle uptake, pleural or pericardial
effusions may all skew the counts and thereby the ratio

Increased cardiac counts may be seen in mitral annular and aortic valve calcification..

Acute and subacute myocardial infarction may cause abnormal focal uptake.

The H/CL ratio may be falsely low in patients with large myocardial scars as there is no uptake in
these regions.

Visual Persistent blood pool activity at 1 hour may be seen in low cardiac output states and in patients with

grade renal failure. In such cases, delayed planar imaging at 3 hours is recommended.

This brings up the important consideration of the addition of SPECT tomographic reconstruction to
planar imaging due to its ability to differentiate myocardial uptake from blood pool activity. Planar
imaging alone may result in studies being classified as indeterminate (Sperry and Asif papers). A
majority of these stem from the H/CL ratio, however, on occasion, the visual grade alone may
misclassify a patient.

Given the diagnostic, therapeutic, and prognostic implications, planar findings should be confirmed
with PYP SPECT imaging.

SPECT While not specifically reported, there is a theoretical possibility that focal PYP uptake may suggest
that early TTR-CA could be missed on SPECT.

Blood pool activity could mask early, focal uptake.
Hybrid imaging with SPECT/CT could improve diagnostic accuracy in such cases.

Equivocal: Visual grade 1 or equivocal visual grade diagnosis.">'"* Medical therapy for TTTR-CA is
172 more effective when initiated early-on in the disease
Strongly suggestive: visual grade 2 or 3 process. '

(3) Tc-99m PYP imaging with its high diagnostic
accuracy has negated the need for invasive endomy-
ocardial biopsies in the majority of cases of ATTR-
CA to confirm diagnosis.

® Highlight that a negative or mildly positive scan does
not exclude AL- CA and that equivocal results could
represent either AL-CA or early TTR-CA

® Recommend performance of — serum-free light . .. . . ..
. P . . & (4) It is felicitous for cardiology fellows-in-training to
chains, serum and urine immunofixation to rule out .. . Co .
AL-CA acquire in-depth understanding of the indications,

advantages, and pitfalls of Tc-99m PYP scintigra-
phy. Effective imaging is vital for the diagnosis,
prognosis, and therapeutic management for patients
with TTR-CA.

® Consider referral to an amyloidosis expert or hema-
tologist if the echo or CMR is strongly suggestive but
the Tc-99m PYP study is not suggestive/equivocal or
if the free light chains are abnormal or equivocal.
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