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Learning Objectives

Provide information about cardiac amyloidosis
Review use of Tc-99m PYP imaging for cardiac amyloidosis

Describe preparation and administration techniques of
Tc-99m PYP

Describe imaging acquisition parameters
Describe image processing




Proportion of Patients Surviving
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Cardiac Amyloid is One of Several, Varied
Causes of Heart Failure

Hypertension’ 0

Coronary artery disease'? 0

Arrhythmias’2 0 P \ Cardiomyopathy“zg

Cardiac amyloidosis is a life-threatening, infiltrative cardiomyopathy that

commonly is a cause of heart failure, characterized by extracellular deposition of
misfolded protein which forms amyloid fibrils that deposit in the heart3-¢

1. Mayo Clinic: heart failure. http://www.mayoclinic.org/diseases-conditions/heart-failure/symptoms-causes/syc-20373142.

Accessed November 19, 2018. 2. Ponikowski P, et al. Eur Heart J. 2016;37(27):2129-2200.
3. Siddiqi OK, Ruberg FL. Trends Cardiovasc Med. 2018;28(1):10-21. 4. Halwani O, Delgado DH. Expert Rev Cardiovasc Ther. 2010;8(7):1007-1113. 5. Rapezzi C, et al.
Heart Fail Rev. 2015;20(2):117-124. 6. Maurer MS, et al. Circulation. 2017;135(14):1357-1377.



Cardiac Amyloidosis is Underrecognized
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1. Rapezzi C, et al. Heart Fail Rev. 2015;20(2):117-124.



Main Types of Cardiac Amyloidosis

Immunoglobulin light

chain amyloidosis (AL)?-3
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(ATTR)'= diagnoses'

Cardiac

amyloidosis® -3
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Serum amyloid A
Apolipoprotein A1 (AApoA1)

Immunoglobulin heavy chain
Fibrinogen alpha chain
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1. Donnelly J, Hanna M. Cleve Clin J Med. 2017;84(12 suppl 3):12-26. 2. Siddiqi OK, et al. Trends Cardiovasc Med. 2018;28:10-21 3. Kholova I, Niessen
HW. J Clin Pathol. 2005;58(2):125-133.



AL Amyloidosis
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1. Donnelly J, Hanna M. Cleve Clin J Med. 2017;84(12 suppl 3):12-26. 2. Siddiqi OK, et al. Trends Cardiovasc Med. 2018;28:10-21 3. Kholova |, Niessen
HW. J Clin Pathol. 2005;58(2):125-133.



AL Amyloidosis

* AL amyloidosis is a plasma cell
dyscrasial-?

& =
— Monoclonal plasma cells overproduce S
| Y .‘ ‘ aggregate

immunoglobulin
light-chain fragments, which misfold to
form amyloid fibrils

e

« ~3,000 new cases per year in the US%3 P

* Presents in those aged >50 years?

Reprinted with permission from: Donnelly JP, Hanna M. Cardiac
amyloidosis: An update on diagnosis and treatment. Cleve Clin J
Med 2017; 84(12 suppl 3):12-26. doi:10.3949/ccjm.84.s3.02.
Copyright © 2017 Cleveland Clinic Foundation. All rights reserved.

1. Donnelly J, Hanna M. Cleve Clin J Med. 2017;84(12 Suppl 3):12-26. 2. Dubrey SW, et al. Heart.
2011;97:75-84. 3. Milani P, et al. Mediterr ] Hematol Infect Dis. 2018;10:€2018022. 4. Maurer MS, et al.
Circulation 2017;135:1357-1377. 5. Siddiqi OK, et al. Trends Cardiovasc Med. 2018;28:10-21.



AL Amyloidosis

* AL amyloidosis is a plasma cell
dyscrasial-?

&

— Monoclonal plasma cells overproduce B

aggregate

Median survival of untreated patients with AL

amyloidosis who present with heart failure is <6
months'

“.._ Fibrils are deposited in .~
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e ~3,000 new cases per year in the US%3
* Presents in those aged >50 years?

Reprinted with permission from: Donnelly JP, Hanna M. Cardiac
amyloidosis: An update on diagnosis and treatment. Cleve Clin J
Med 2017; 84(12 suppl 3):12-26. doi:10.3949/ccjm.84.s3.02.
Copyright © 2017 Cleveland Clinic Foundation. All rights reserved.

1. Donnelly J, Hanna M. Cleve Clin J Med. 2017;84(12 Suppl 3):12-26. 2. Dubrey SW, et al. Heart.
2011;97:75-84. 3. Milani P, et al. Mediterr ] Hematol Infect Dis. 2018;10:€2018022. 4. Maurer MS, et al.
Circulation 2017;135:1357-1377. 5. Siddiqi OK, et al. Trends Cardiovasc Med. 2018;28:10-21.



Transthyretin Amyloid Cardiomyopathy
ATTR-CM
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1. Donnelly J, Hanna M. Cleve Clin J Med. 2017;84(12 suppl 3):12-26. 2. Siddiqi OK, et al. Trends Cardiovasc Med. 2018;28:10-21 3. Kholova |, Niessen
HW. J Clin Pathol. 2005;58(2):125-133.



Mechanism of ATTR-CM

-

Figure adapted with permission from Nativi-Nicolau et al.*

ATTR-CM: Life-threatening, underrecognized, and underdiagnosed’-*

1. Maurer MS, et al. Circulation. 2017;135(14):1357-1377. 2. Donnelly J, Hanna M. Cleve Clin J Med. 2017;84(12 suppl 3):12-26. 3. Ando Y, et al.

Orphanet J Rare Dis. 2013;8:31. 4. Nativi-Nicolau J, et al. Curr Opin Cardiol. 2018;33(5):571-579.




ATTR-CM Subtypes
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1. Donnelly JP, et al. Cleve Clin J Med. 2017;84(12 Suppl 3):12-26. 2. Siddiqi OK, et al. Trends Cardiovasc Med. 2018;28:10-21. 3. Kholova |, Niessen
HWM. J Clin Pathol. 2005;58(2):125-133.



TTR — Familial or Hereditary Cardiac Amyloidosis

TTR - familial or hereditary genetic defects increase the chance of
this amyloid disease
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Deposition of Amyloid Fibrils in the Myocardium
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Figure 1. The 2 main types of amyloidoesis that affect the heart. (A) Immunoglobulin light chain amyloidosis (AL) results from aberrant plasma
cell production of monoclonal light chains that misfold. (B) Transthyretin amyloidosis (ATTR) results from transthyretin (TTR) produced by the liver
that dissociates into monomers and misfolds. The misfolded proteins aggregate to form oligomers, protofilaments, and mature amyloid fibrils that
deposit extracellulary in the interstitial space of the myocardium.




Types of Cardiac Amyloidosis

m AL Amyloid mATTR WEATTR

Precursor Protein

Average Age (Range)

Gender (% Male)

Cardiac Involvement (%)

Fat Pad Biopsy

Primary Referral Route

Light chain

55 (30-75)

60%

30%

50-80%

Hematology
Cardiology
Nephrology

Mutant TTR

50 (30-70)

80%

Variable

20%

Neurology
Cardiology

75 (60-100)

95%

All

<20%

Cardiology



Cardiac Amyloidosis

Cardiac amyloid effects on the heart:
 Stiff myocardium

* Loss of myocardial contractility

e Heart rhythm abnormality

* Decrease in blood flow

HEART FAILURE

>ymptoms: SYMPTOMS
e Shortness of breath

* Irregular heart beats
* Feet and ankle edema
* Weakness, fatigue, and nausea




Testing Options

EKG




Clinical Timeline of Disease

Systalic dysfunction

Electrocardiography Electrical changes (eg, low voltage) and increased wall thickness

Biopsy
Orthopedic manifestations (Bilateral) carpal tunnel syndrome, biceps tendon rupture, lumbar spinal stenosis

Appropriate tests ({8 Disease process & related indicators

Maurer MS, et al. Expert Consensus Recommendations for the Suspicion and Diagnosis of Tranthyretin Cardiac Amyloidosis. Circ: Heart Failure
2019; 12: e006075



Symptoms, ECG, Echo, MRI, or Biomarkers
suggestive of cardiac amyloidosis

Screen for the presence of a monoclonal protein

QOrder the following three tests:

- Serum kappal/lamba free light chain ratio (abnormal if ratio is <0.26 or >1.65)
- Serum protein immunofixation (abnormal if monoclonal protein is detected)

- Urine praotein immunofixation (abnormal if monoclonal protein is detected)

all normal

1 or more abnormal
v
Bone Scintigraphy
Available?
-~
[ Referral to Hematology and yes | no
J v v
'd i . . T
Biopsy of clinically lnvolvef organ Non-invasive evaluation with Referral for Bone Scintigraphy or
(cardiac or renal) or fat pad Bone Scintigraphy invasive evaluation with
* If fat pad is negative, biopsy of involved . o Heart Biopsy
organ is required - Positive Bone Scinligraphy - Positive Congo Red and
- Positive Congo Red and - Tissue typir_ng_hy mass spectrometry or
- Tissue typing by mass spectrometry or immunostaining
immunostaining
A d Negative or
yes no yes indeterminate yes no
¥ 1 ¥ 1 ¥ |
ALATIR otter | , “CC AL Amylokdosis L Amfoldosis
amyloidosis andfor MGUS ) Amyloidosis . Amyloidosis -
my Unlikely y Unlikely Y Unlikely
* I
(Genetic Testing ] Consider [ Genetic Testing]

Heart Biopsy if

suspicion is high
(A'I'I’Rm] [ATTRm] ( A'I'I'Rwl] [ A'I'I'Rm]

Maurer MS, et al. Expert Consensus Recommendations for the Suspicion and Diagnosis of Tranthyretin Cardiac Amyloidosis. Circ: Heart Failure
2019; 12: e006075



Nuclear Imaging Pathway

Heart failure, syncope, or bradyarrhythmia, with echocardiogram and/or cardiac
magnetic resonance imaging (CMR) suggesting/indicating cardiac amyloid

Bone scintigraphy with #*™Tc-DPD/HMDP/PYP

I
Grade 2to 3

Grade O

Serum immunofixation + Urine immunofixation +serum free light chain assay (Freelite)
Monoclonal protein present?

No }<—

Callaiac \ ‘ Need specialized assessment Cardiac ATTR
AL/ATTR i Review/request [l for Diagnosis : amyloidosis
amyloidosis | CMR ’ Histological confirmation T
unlikely and typing of amyloid T
genotyping
J J I
Cardiac amyloidosis Variant ATTR

Wild-Type ATTR
amyloidosis

(AL/AApoAI/ATTR/other) amyloidosis

Dorbala S, et al. Expert Consensus Recommendations for Multimodality Imaging in Cardiac Amyloidosis. JNC 2019.



99MTcPYP Scintigraphy or PYP Scan

99mTcPYP, a radiotracer used in bone scans, was initially used in
cardiology to quantify myocardial infarction due to its ability to
localize calcium

Potential utility came in 1982 when diffuse myocardial 99mTcPYP
uptake on cardiac radionucleotide imaging was noted in 10 patients
with tissue-proven amyloidosis

Significant uptake in ATTR and no to mild uptake in AL: a specificity
and positive predictive value of 100% in the absence of monoclonal
gamopathy

Not only confirms the diagnosis of CA but differentiates ATTR-CA




99mMmTc-PYP Kit Preparation

* Let vial of PYP come to room temperature for 5

minutes

* Draw 100 mCi 99mTc and QS to 4ml with saline to
give final concentration = 100mCi/4ml

 Add to PYP reaction vial

e Invert vial several times to shake and reconstitute the
99mTc and PYP

e After 99mTc and PYP are mixed let vial rest for 5

minutes




Recommended Imaging Procedures
ASNC Practice Points

Imaging procedures Parameters

Preparation MNo specific preparation. Mo fasting

recjuired. .
ASNCH
Dose of ¥ Tc-PYP 10-20 mCl Infravenously
Time betwaan Recommendead: 1-hour SPECT American Soclety of Nuclear Cardiology
injection and and planar;
acouisition Optional: 3-hour SPECT or planar

Imaging parameters

Fleld of view Recommended: Cardiac or chest; ASN

Optional: Wholebody planar

meoe e SPECT ant planar maging CARDIAC AMYLOIDOSIS
T T PRACTICE POINTS

Collimators Low energy, high resolufion

Mafri &4 X &4 milnirnum

Pixel size A5-65mm .

Planar imaging specific parameters 99mTec h n etl u m =

Mumiber of views" Anteriorn Lateral, and Left Anterior =
Obliaue Pyrophosphate Imaging

Detector 90 degrees =

configuration for Transthyretin

Image duration 750,000 counts = . .

(count based) Cardiac Amyloidosis

Magnificalion 1.46

SPECT imaging specific parameters

Angular range 360 degreas

Detector 180 degrees

configuration

ECE gating OMT; Nongated imaging

Murmber of views)/ A0

detector

Time per stop 20 seconds

Magnilication 1.0

“antanor and ateral views can be obionaed of hae samea: ime using a $0

daegres detectorn configuraion; iaterl onar views of SPECT Imaging mey
haip sepanate stemal from myocondial upake,

American Society of Nuclear Cardiology (ASNC). ASNC practice points: 99mTechnetium-pyrophosphate imaging for transthyretin cardiac amyloidosis. Available at:
https://www.asnc.org/Files/Practice%20Resources/Practice%20Points/ASNC%20Practice%20Point-99mTechnetiumPyrophosphatelmaging2016.pdf. © 2019 American
Society of Nuclear Cardiology.



Imaging Procedure

Cardiac or chest SPECT and planar images are obtained one hour after injection of
99mTc-PYP

If persistent blood pool activity is noted on one hour images (e.g., renal failure), delayed
images may be obtained at 3 hours

Planar imaging is useful for visual interpretation and quantification of the degree of
myocardial uptake
SPECT imaging is useful:
— to avoid overlap of bone uptake
— distinguish blood pool activity from myocardial activity
— assess the distribution of myocardial 99mTc-PYP uptake in individuals with positive planar scans
— identify 99mTc-PYP uptake in the interventricular septum (commonly involved in amyloidosis)
— quantify the degree of myocardial uptake by comparison to rib uptake.

Whole body planar imaging may be helpful to identify uptake of 99mTcPYP in the
shoulder and hip girdles (a specific sign of systemic ATTR amyloidosis)

The value of 99mTc-PYP imaging with the newer “cardiac only” SPECT cameras is
currently being evaluated — validate with camera manufacturer

American Society of Nuclear Cardiology (ASNC). ASNC practice points: 99mTechnetium-pyrophosphate imaging for transthyretin cardiac amyloidosis. Available at:
https://www.asnc.org/Files/Practice%20Resources/Practice%20Points/ASNC%20Practice%20Point-99mTechnetiumPyrophosphatelmaging2016.pdf. © 2019 American Society of Nuclear Cardiology.



Quantitative Evaluation
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ROI Processing — Planar Image

Circular ROl over the heart (ROI)
Circular ROI right side of the chest: Contralateral chest ROI (CL)

Avoid placing either ROI over the sternum, ribs, and liver!
Record: Mean counts, Max counts, St Dev counts, Total counts
for ROl and CL

RATIO = Mean counts of the ROI (cardiac
we=_"Mean counts of the CL (contralateral)

RATIO >1.5 suggestive of cardiac amyloidosis

American Society of Nuclear Cardiology (ASNC). ASNC practice points: 99mTechnetium-pyrophosphate imaging for transthyretin cardiac amyloidosis.
Available at: https://www.asnc.org/Files/Practice%20Resources/Practice%20Points/ASNC%20Practice%20Point-
99mTechnetiumPyrophosphatelmaging2016.pdf. © 2019 American Society of Nuclear Cardiology.



Size and Placement of ROI

ROI placement

L - ROl size is
Is important

- important

K CTS = 45
CTS = 22.27

¢ DE‘U’: 5.61
u @?WEL CTS = 27,345




Reprocessed ROI

ROI placement
is important

: ROI size is
. _j x4 gmportant

CL: ] .

MAX CTS =31 ; = U5

HEAN CTS =16.82 AT L ? Hﬁﬂ-ms = 24.09

ST DEU =436 NS rd a1 gar DEU. = 5.27

TOTAL CTS = 15,64 ’F.r ; _ TOTAL ETS =-23,874
4_..-', s .J"'_ o v




Processing — SPECT Images

« SPECT images can be processed according to the patient’s
heart-to-contralateral lung (H/CL) ratio

* For patients that have a ratio of <1.5 process as a
* bone/chest SPECT

 [f the patient’s ratio is 21.5 process as a MPI study

American Society of Nuclear Cardiology (ASNC). ASNC practice points: 99mTechnetium-pyrophosphate imaging for transthyretin cardiac amyloidosis.
Available at: https://www.asnc.org/Files/Practice%20Resources/Practice%20Points/ASNC%20Practice%20Point-
99mTechnetiumPyrophosphatelmaging2016.pdf. © 2019 American Society of Nuclear Cardiology.



Semi-Quantitative Visual Grading

Table 2. Semi-quantitative Visual Grading of Myocardial *™Tc-PYP
Uptake by Comparison to Bone (rib) Uptake

Grade Myocardial *™Tc-PYP Uptake

Grade 0 no uptake and normal rib uptake

Grade 1 uptake less than rib uptake

Grade 2 uptake equal to rib uptake

Grade 3 uptake greater than rib uptake with mild/absent rib uptake

Figure 1. Quantitation of Cardiac *"Tc-PYP Uptake Using
Heart-to-Contralateral Lung (H/CL) Ratio

roiz. 13
“Blg"

-

Max CT's
per Pixel

Std. Dev

Total CT's
: in ROl
5,906.8 mm?2

Area of ROI

Biopsy proven ATTR cardiac amyloidosis with H/CL = 2.08

Figure 2. Grading ™Tc-PYP Uptake on Planar and
SPECT Images

American Society of Nuclear Cardiology (ASNC). ASNC practice points: 99mTechnetium-pyrophosphate imaging for transthyretin cardiac amyloidosis.
Available at: https://www.asnc.org/Files/Practice%20Resources/Practice%20Points/ASNC%20Practice%20Point-
99mTechnetiumPyrophosphatelmaging2016.pdf. © 2019 American Society of Nuclear Cardiology.



Whole Body Imaging

Grade 0 Grade 1 Grade 2 Grade 3




Negative Study Planar
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Negative Study SPECT & CT
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Negative Study Fused CT
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Positive Study Planar
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Positive Study SPECT
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Positive Study SPECT & CT
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Positive Study Fused CT
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Overlying Sternum
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Focal Rib Uptake

Unable to correctly position the region of interest
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Planar — Positive or Negative?
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SPECT & CT Review
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Fused CT Review — Blood Pool
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Blood Pool Differentiation on CT

Myocardial Uptake Blood Pool Uptake
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Summary

e Cardiac amyloidosis in an underdiagnosed cause of heart failure

* Tc-99m PYP imaging plays an important role in the non-invasive
diagnosis of ATTR-CM

* Size and placement of ROl is critical
e SPECT imaging allows evaluation of residual blood pool activity

* Many labs are now recommending imaging at 3hr and SPECT Imaging as
standard

Note: Tc-99m PYP scintigraphy should be interpreted in conjunction with
serum and urine studies to exclude AL amyloidosis
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