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Preface .

Transthyretin cardiac amyloidosis (ATTR-CM) is a progressive and serious
disease that is still often missed or diagnosed too late. This means many patients
lose the chance to receive treatment early enough to truly change their outcome
and quality of life.

Over the past few years, *™Tc-PYP scan has become an important tool in
diagnosing and differentiating ATTR-CM from other forms of cardiomyopathy,
without the need for invasive procedures. When performed carefully and
interpreted with expertise, it allows timely and accurate diagnosis, enabling
better treatment planning. As nuclear medicine physicians, our work goes far
beyond reading images as we are part of each patient's journey toward the right
diagnosis and better care.

This pocket guide was prepared especially for nuclear medicine physicians,
drawing on the latest local expert consensus. It offers practical imaging
protocols, interpretation guidance, and real-world cases contributed by
colleagues who face these challenges in daily practice. Our purpose is not only
to guide good practice but also to remind ourselves that every scan we do and
every report we sign, there is one shared goal: to truly help the patients who
place their trust in us.

| sincerely thank all the experts and colleagues who contributed their time and
expertise to make this guide possible. Your dedication reflects the best of our
field as we work together to enhance patient care. | also encourage every
member of our society to stay closely connected to clinical practice, to
collaborate with clinicians and multidisciplinary teams, and to deeply
understand the needs of the patients we serve, ensuring that nuclear medicine is
not just about producing images, but about delivering care that makes a
meaningful difference.

With commitment to our patients,

VK = iz I_)M/ﬂ

MD, PhD
Dr.Yuh-Feng Wang £ £ ¥ =sx
President, Society of Nuclear Medicine, Taiwan (R.O.C.)
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What is Cardiac Amyloidosis?

Cardiac amyloidosis (CA) is an infiltrative cardiomyopathy
caused by the extracellular deposition of misfolded amyloid
fibrils, leading to myocardial stiffness, diastolic dysfunction, and
progressive heart failure!!

The two most common types of CA account for over 95% of all
CA diagnosis.?

+ AL-CA results from monoclonal immunoglobulin light chains
produced by clonal plasma cells, and often progresses rapidly.
Patients who present with heart failure and who are not
treated survive less than 6 months. 2%# Therefore, accurate
differentiation between ATTR-CM and AL amyloidosis is critical
for appropriate management to achieve optimal patient
outcome.

* ATTR-CM is due to misfolded transthyretin (TTR) protein and
includes two forms®

* Wild-type (ATTRwt), associated with aging, typically
manifests after age 65 with heart failure symptoms.®

* Variant (ATTRv), caused by TTR gene mutations, often
presents earlier and may include neuropathic features. '3
In Taiwan, A97S (p.Ala117Ser) is the most common variant. 7®

The role of %™ Tc-pyrophosphate (PYP) scintigraphy
Accurate differentiation between ATTR-CM and AL amyloidosis
is critical for appropriate management.

AL-CA, Amyloid light chain cardiac amyloidosis. ATTR-CM, Transthyretin amyloid cardiomyopathy. AL, Amyloid light chain

I :



PYP scan has become a cornerstone in the non-invasive
diagnosis of ATTR-CM.

In the landmark study by Gillmore et al.,, PYP scan with
grade 2-3 uptake demonstrated >99% sensitivity and 86%
specificity for ATTR-CM; when combined with the absence
of monoclonal protein, specificity and positive predictive
value of ATTR-CM reached 100% ™.

Thus, PYP scan is considered to be a suitable alternative to
EMB in many cases"?.

Current Taiwan Society of Cardiology (TSOC) and Society
of Nuclear Medicine of the Republic of China (SNMROC)
consensus recommends®(Fig. 1)

+ Performing PYP scan alongside serum and urine
monoclonal protein testing (free light chains,
immunofixation).

+ ATTR-CM diagnosis can be made with a typical PYP result
(grade =2) and no monoclonal protein.

* If monoclonal protein is present, biopsy remains necessary.

In addition to diagnosis, emerging evidence suggests PYP
scan may serve as a tool for monitoring treatment
response, as signal intensity decreases following stabilizer
or silencer therapies ",
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Given its high diagnostic accuracy, non-invasiveness, and
potential for disease monitoring, PYP scan is now
considered an essential component of the modern
diagnostic algorithm for CA™>,
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Diagnostic Algorithm of Suspected
Cardiac Amyloidosis

Clinical suspicion of CA

PYP scan (or by H/CL ratio)

More accurate with 3-hr SPECT/CT quantitative analysis

Screen for the presence of the monoclonal protein

(serum & urine immunofixation, serum FLC assay)

[ ) (+) ‘
Grade 0 Grade1 Grade 2-3 Grade 0-1
Arrange CMR for patients 1. Consultation with
with high clinical suspicion hematologist
| | 2. Biopsy of the affected
() (+) organ or surrogate site
3. Consider CMR to assess
cardiac involvement
Unlikely to | |
be CA 0] (+)
[ (- Cardiacbiopsy* + Unlikelyto  AL-CM
genetic testing be CA
+)
l—> ATTR-CM
v
Rare forms of CA# Genetic testing
) (+)

Lo

ATTRwt ATTRv

Grade 2-3
Histological
confirmation

(usually cardiac)
to subtype

AL-CM

ATTR-CM

*Cardiac biopsy in patients with grade 1and negative hematology tests should only be performed after a

thorough risk-benefit assessment and detailed discussion with the patient.

#Rare forms of CA, such as Apo Al, AIV amyloidosis or Phe64Leu ATTRYy, frequently present with grade 0 or 1on

PYP scan.

- I



99mTc-PyrophOSPhate Scintigraphy

Image acquisition procedures

- Anterior planar
DIELUERA  Planarimaging | - Left anterior oblique (LAO)

ATTR-CM - Left lateral

- Exclude blood pool activity
- Highlight differences in
SPECT/CT myocardial uptake patterns
(e.g., absent, focal, diffuse,
focal-on-diffuse)

Timing
Strongly recommended
H I - Minimize the influence of blood pool retention
»E If blood i - Enhance the diagnostic accuracy (especially
I activity islow 1 SPECT/CT)
i I - The most balanced diagnostic performance in
! ‘i terms of sensitivity and specificity
[ g 0
*mTc-PYP 1hr 3hr
injection

Key considerations

* The imaging should include both bilateral shoulders
to evaluate musculoskeletal manifestations of amyloid
deposition (e.g, shoulder pad sign, joint swelling).

* To enhance myocardial signal detection, symmetric
renal counts in planar images should be minimized.
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99mTc-PyrophOSPhate Scintigraphy

Visual grading scale

The relative tracer uptake in the

myocardium compared to the ribs "Tc-PYP scan
- result
Myocardial uptake Rib uptake
Normal bone
0 Absent uptake (_)
Further assessment is
1 < required if there is
strong clinical suspicion
of ATTR-CM.
2 = (+)
3 > (Mild or absent) (+)

If the visual grading of planar and SPECT images is
inconsistent, it is recommended to rely on the visual score
obtained from the SPECT images.




99mTc-PyrophOSPhate Scintigraphy

Planar ®*mTc-PYP visual scoring:

Grade 0 Grade 1 Grade 2 Grade 3

Heart-to-contralateral lung (H/CL) ratios:
H/CL=1.14+0.27 H/ICL=1.08+0.25 H/CL=1.35+0.30 H/CL=1.42+0.27
SPECT 99mTc-PYP visual scoring:

Grade 0 Grade 1 Grade 2 Grade 3

Case examples of planar and SPECT visual grading for ATTR-CM.

Reproduced with permission from Schockling et al.

This research was originally published in Journal of Nuclear Medicine Technology.

Schockling EJ, Farrell MB, Embry-Dierson M, Warren J, Jerome S. Cardiac Amyloidosis Imaging, Part 2:
Quantification and Technical Considerations.

J Nucl Med Technol. 2023;51(2):90-98.© SNMMI. DOI: https://doi.org/10.2967/jnmt.123.265416
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99mTc-PyrophOSPhate Scintigraphy

H/CL ratio

Determining ROI on anterior planar images

LS

.

Reproduced with permission from Wang
SY, Huang YH, Chen YC, et al. 2025 Update
n Consensus of 99mTc-Pyrophosphate
Background . Thmet Scintigraphy in the Transthyretin Cardiac
ROI ROI Amyloidosis from the Taiwan Society of
Cardiology and the Society of Nuclear
Medicine of the Republic of China. Acta
Cardiol Sin. 2025;41(1):55-71.
doi:10.6515/ACS.202501_41(1).20241027A

- Heart ROI N
* Select a circular or elliptical region that
encompasses the myocardium uptake area
+ Avoid the sternum and subdiaphragmatic organs
’ Contralateral Lung ROI ~N
* Mirroring the heart ROI, the background ROl is
positioned over the contralateral lung region
* Exclude the subdiaphragmatic organs
* Similar size to the heart ROI
g J

ROI, Region of Interest. H/CL, Heart-to-Contralateral Lung.



99mTc-PyrophOSPhate Scintigraphy

H/CL ratio

Indicators of a positive PYP scan

H/CL ratio
(= mean counts of the heart ROI / mean counts of the CL ROI)
1-hour images >1.5
3-hour images >1.3

Mild washout of
the tracer

5 ‘ e
1-hour p'la'nar' 3-hour planar
H/CL ratio = 1.99 H/CL ratio = 1.92

* |f significant blood pool activity is observed on SPECT
images, calculating the H/CL ratio is NOT
recommended.

* Interpretation should not rely solely on H/CL ratios,
since they do not provide enough sensitivity alone;
combining with visual scores improves specificity,
particularly at the 3-hour image.

Reproduced with permission from Wang SY, Huang YH, Chen YC, et al. 2025 Update Consensus of
99mTc-Pyrophosphate Scintigraphy in the Transthyretin Cardiac Amyloidosis from the Taiwan Society of
Cardiology and the Society of Nuclear Medicine of the Republic of China. Acta Cardiol Sin. 2025;41(1):55-71.
doi:10.6515/ACS.202501_41(1).20241027A



Utilizing **"Tc-PYP Scan and SPECT/CT for

ATTR-CM with Acquisition Parameters (/2

Patient
selection

Image
procedure

General
imaging
parameters

Planar
imaging
specific

parameters

HF, Heart Failure. HFpEF. Heart Failure with Preserved Ejection Fraction. LVH, Left Ventricular Hypertrophy. LAO, Left Anterior Oblique.

Indications

- HF symptoms, especially HFpEF.
- Unexplained LVH or suspected CA
- Consider in older adults with ATTRv or ATTRwt.

Dose of *"Tc-PYP

20 mCi

Time interval
between injection
and acquisition

3-hour planar and SPECT or SPECT/CT
(Optional: 1-hour planar and SPECT)

Field of view

Position of planar
and SPECT

Cardiac or chest

Energy window

140 keV, 15-20%

Collimators Low energy, high resolution
- Recommended: 128 x 128 for SPECT
Matrix - Minimum required: 64 x 64 for SPECT, 256 x
256 for planar
Pixel size 2.3-6.5 mm (may change with different matrix)

Number of views

Anterior, lateral, LAO

Detector
configuration

180 degrees

Image duration

750,000 counts

Magnification

1.45-15




Utilizing **"Tc-PYP Scan and SPECT/CT for

ATTR-CM with Acquisition Parameters /2

Angular range

360 degrees

Detector configuration

180 degrees

d( (
pe Number of
o : views/detectors | 5204
Time per stop 20 seconds
Q € - On the anterior planar image, define a ROl over
and se . the heart and contralateral lung.
g AUEEEL - May consider ATTR-CM if H/CL ratio = 1.3 on
the 3-hr image.
- Visual grade is 2 or 3
. - H/CL ratio meets the positive threshold
Positive for . )
- If visual grading and H/CL results are
ATTR-CM . . L
Diaano inconsistent, it is recommended to rely on the
d visual score
D dlio
Equivocal or If redsull';s arlt_akeq(t;'l\\/l/%cal, conm:!er atﬁdmonalf
negative results modalities like CMR or repeating the scan for
further clarification.
The report format can be referenced from the
Repo g d do e 0 Standardized Reporting of **"Tc-PYP scan
for CA
- A reduction in H/CL ratio suggests a decrease
in amyloid burden, while stable or increased
ollo . 4 monitoring values may indicate disease progression or

suboptimal therapeutic response.
- May also be used to monitor early-stage (e.g.,
grade 1) ATTR-CM.

¢




Grade 0

Patient Profile

\WAW, 70 y/o Asian Male
162 cm
77 kg

o

Symptoms

® Arrhythmia

® Exertional dyspnea

Past History

® Wolff-Parkinson-White syndrome

® Coronary artery disease status post ballon angioplasty
and stenting of the left anterior descending artery



Raising Suspicion

Lab Data

Cardiac

Hepatic

Electrolytes

Inflammation

NT-proBNP 108 pg/ml
hs-TnT 721 ng/L
BUN 19.9 mg/dL
Creatinine 1.3 mg/dL
Uric Acid 4.5 mg/dL
eGFR 58.0 ml/min/1.73m?
Albumin 4.7 g/dL
ALT 21U/L
Na 139 mEq/L
K 5.2 mEq/L
hsCRP 0.55 mg/dL
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Raising Suspicion

Electrocardiogram

ﬂwwmw

M

il

No remarkable EKG findings




Raising Suspicion

Echocardiography

LVIDd 48 mm

LVIDs 30 mm

IVSd 12 mm

LVPWd 11 mm

LVEF 68.5 %

LA 35mm

Aortic regurgitation, moderate

LA, Left Atrial. LVIDd, Left Ventricular Internal Diameter in Diastole. LVIDs, Left Ventricular Internal Diameter in Systole. LVPWd, Left
Ventricular Posterior Wall Dimension. IVSd, Interventricular Septal Thickness in Diastole.

e



Differential Diagnosis

Testing for AL
Free kappa 25.6 mg/L
Free lambda 22.20 mg/L
Kappa/lambda ratio 11532

IFE Shows no monoclonal gammopathy.
Urine IFE Shows no Bence Jones proteins.
Testing for Fabry
Alpha-GAL 5.13 umol/hr.

AL amyloidosis and Fabry disease
were ruled out.

Alpha-GAL, Alpha-Galactosidase A. IFE, Immunofixation Electrophoresis.

D




Differential Diagnosis with

PmTc-PYP Scan

3-hr Planar Images

,.q

Left lateral

H/CL ratio interpretation

3-hour images:
H/CL ratios = 1.3 are classified as ATTR-CM (+).
H/CL ratios < 1.3 are classified as ATTR-CM (+).

If significant blood pool activity is
observed on SPECT images,
calculating the H/CL ratio is not
recommended.

Anterior

> H/CL ratio = 1.67

.



Differential Diagnosis with
»®Tc-PYP Scan

3-hr SPECT/CT Images

Visual grading = 0

Imaging demonstrated uptake within the cardiac chambers (blood pool).

Visual intepretation

Visual scores > 2 on planar or SPECT images are classified as ATTR-CM positive.
Grade 0: No myocardial uptake and normal bone uptake

Grade 1: Myocardial uptake < rib uptake

Grade 2: Myocardial uptake = rib uptake

Grade 3: Myocardial uptake > rib uptake

»



v/ Planar imaging and H/CL ratio alone are insufficient
for diagnosis of ATTR-CM.

v/ SPECT is necessary to identify myocardial uptake.

v Visual grading on planar and SPECT imaging is the
primary method for diagnosis of ATTR-CM.




Grade 1

Patient Profile

@ 57 y/o Asian Male
m

L

Symptoms

® Bilateral carpal tunnel syndrome presented as both
hand numbness 2 years ago

Past History

® Familial amyloidosis polyneuropathy (FAP)




Raising Suspicion

Lab Data
. . HR 80 bpm
Vital Sign
BP 109/66 mmHg
. NT-proBNP 50 pg/ml
Cardiac

Troponin | <0.10 ng/ml

Hb 14.9 g/dL

WBC 5,700/ul

PLT 214,000/mm?

BUN 15 mg/dL

Creatinine 1.3 mg/dL

Uric Acid 8.2 mg/dL

Na 143 mEq/L

K 3.7 mEq/L

Electrolytes

Ca 9.6 mg/dL

Inorganic P 3.1 mmol/L

Gene Test
Molecular genetic testing revealed TTR A97S gene mutation
Testing for AL
Free kappa 17.32 mg/L
Free lambda 10.98 mg/L
Kappa/lambda ratio 158

AL amyloidosis was ruled out.
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Raising Suspicion

Electrocardiogram

e sl s I ._ LA /]
m T”J _1/\ L’\‘

RRESERSERERS! SENNARSNERER & JK\_JVJ\_.{\ .IA Luﬂ

N VRl 7 WM Bt o7t Y W .MJL_MLLM.LAJM:J .

Sinus rhythm, r/o LVH, anterior ST elevation likely
secondary to LVH

Echocardiography

* Normal LV size
* IVSd 9 mm
* LVEF 60 %




Differential Diagnosis with

PmTc-PYP Scan

3-hr Planar & SPECT/CT Images ——

3HR After INJ
H/CL Ratio=1.32

H/CL ratio interpretation

3-hour images:
H/CL ratios 2 1.3 are classified as ATTR-CM (+).
H/CL ratios < 1.3 are classified as ATTR-CM (+).

S If significant blood pool activity is
¥5 observed on SPECT images,
g calculating the H/CL ratio is not
recommended.

CLung CT's=9432.00 cnts. , Heart CT's=12190.00 cnts

Clung SD=2.94 Heart SD=3.48

CLung AREA=1307.00 pXis "'Hgan AREA=1279 pxis

CLung Mean CT's=7.22 cnts' 4 : “Heart Mean CT's=9.53 cnts

> H/CL ratio was just around the cutoff

Visual grading =1

Equivocal PYP scan: myocardial uptake < rib

I,



Differential Diagnosis with
»mTc-PYP Scan

3-hr SPECT/CT Images

Sometimes, it is still hard to
differentiate blood pool
activity from myocardial
uptake even reading all slices
in the fusion images
especially in cases of
equivocal uptake.

3-hr SPECT Images

When looking at the entire
slices in the SPECT,
interpretation for the
myocardial uptake is more
confident.




V' In case with equivocal uptake, a single slice may be
hard to differentiate myocardial uptake or blood pool
activity. Sometimes, it is also difficult to judge even after
looking at all SPECT/CT slices. Pure SPECT

(non-fusion SPECT images) may help in this situation.
Read all obtained images all the time before
making a report for PYP scan.




Grade 2

Patient Profile

; — ; 58 y/o Asian Male

Symptoms

® Off & on dropped beat felt with cough.

Examinations

® CXR showed cardiomegaly.




Raising Suspicion

Lab Data
NT-proBNP 498 pg/ml
hs-TnT 38.7 ng/L
Cardiac

CPK 108 U/L

CK-MB 43 U/L
BUN 16 mg/dL
Creatinine 1.00 mg/dL

CXR




Raising Suspicion

Electrocardiogram

* Old anterolateral myocardial infarction

* Borderline prolonged QTc

* First-degree AV block

* Sinus rhythm with supraventricular bigeminy

avR Vi t e

(bt e R
ﬂJ@wwﬂ*—lﬁﬁr%
ngw@,ﬁ:mwﬂ R

-
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2 1o e e |
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Raising Suspicion

Echocardiography

LVIDd 26 mm
LVIDs 17 mm
IVSd 16 mm
LVPWd 14 mm
LVEF 66 %
LA 30 mm

EDV (MM-Teich)
IVSILVPW (MM)

EF (MM-Teich)

i — i



Raising Suspicion

CMR

* Marked late gadolinium enhancement (LGE) involving LV, RV,
and RA: endocardial enhancement of LV; transmural
enhancement of RV and RA.

* Relative sparing of LV basal and free wall with less
enhancement.

* Native T1 markedly elevated (mean: 1,292 ms).

* ECV significantly increased (mean: 68%).

* LVEF 51.5 %

The elevated native T1, enhances ECV and specific LGE pattern
suggested CA.

Testing for AL
Free kappa 16.3 mg/L
Free lambda 16.4 mg/L
Kappa/lambda ratio 0.994

AL amyloidosis was ruled out.

- D




Differential Diagnosis with

PmTc-PYP Scan

Planar Images

1-hour planar 3-hour planar

P> H/CL ratio at 1-hr is 2.22; at 3-hr is 1.80.

H/CL ratio interpretation

3-hour images:
H/CL ratios 2 1.3 are classified as ATTR-CM (+).
H/CL ratios < 1.3 are classified as ATTR-CM (+).

If significant blood pool activity is observed on SPECT images, calculating the
H/CL ratio is not recommended.

I



Differential Diagnosis with
»nTc-PYP Scan & Biopsy

3-hr SPECT/CT Images

Visual grading = 2

Diffuse myocardial uptake with focal uptake in the septum and RV.

Visual intepretation

Visual scores = 2 on planar or SPECT images are classified as ATTR-CM positive.
Grade 0: No myocardial uptake and normal bone uptake

Grade 1: Myocardial uptake < rib uptake

Grade 2: Myocardial uptake = rib uptake

Grade 3: Myocardial uptake > rib uptake

CA by EMB:

Congo red stain demonstrates apple-green birefringence
using polarized microscopy.

+



Differential Diagnosis with Biopsy

v EMB may be needed in equivocal cases or discordant
data.

v/ Key recommendations emphasized: 3-hour acquisition
(planar and SPECT/CT) and comprehensive
interpretation integrating visual grading, H/CL ratios, and
quantitative metrics.




Grade 3

Patient Profile

OO 97 y/o Asian Male

A2

Present lliness

® Heart failure with mildly reduced ejection fraction
(HFmrEF)

® Atrial fibrillation with repeated stroke.




Raising Suspicion

Lab Data

Cardiac

Hepatic

Electrolytes

Inflammation

CXR

NT-proBNP 3219 pg/ml
hs-TnT 61.27 ng/L
BUN 20.0 mg/dL
Creatinine 1.2 mg/dL
Uric Acid 5.2 mg/dL
eGFR 59.7 ml/min/1.73m?
Albumin 41g/dL
ALT 23 U/L
Na 138 mEq/L
K 4.4 mEq/L
hsCRP 110 mg/dL




Raising Suspicion

Electrocardiogram

¢ Atrial fibrillation
¢ Left axis deviation
 r/o, Inferior infarct and anterolateral infarct

PED ! STAND Right side:

i S G

I

Zamh  IhmkV  &H: 1014




Raising Suspicion

Echocardiography

¢ [VSd 177 mm

* LVPWd 16 mm

* LVEF 42.9 %

* Regional wall motion abnormality over basal segments

Anteroseptal

* Concentric LVH
* Large amount pericardial effusion

E—



Differential Diagnosis

Testing for AL
Free kappa 34.78 mg/L
Free lambda 22.65 mg/L
Kappa/lambda ratio 1.536

IFE

Shows no monoclonal gammopathy.

IFE

Shows no Bence Jones proteins.

AL amyloidosis was ruled out.




Differential Diagnosis with

PmTc-PYP Scan

3-hr Planar Images

Marked myocardial uptake greater than rib activity

H/CL ratio interpretation

3-hour images:
H/CL ratios 2 1.3 are classified as ATTR-CM (+).
H/CL ratios < 1.3 are classified as ATTR-CM (+).

If significant blood pool activity is
observed on SPECT images,
calculating the H/CL ratio is not
recommended.

> H/CL ratio is 1.7089.

I



Differential Diagnosis with
#mTc-PYP Scan

3-hr SPECT/CT Images

Visual grading = 3

SPECT/CT also showed diffuse myocardial uptake, greater than rib activity.

Visual intepretation

Visual scores = 2 on planar or SPECT images are classified as ATTR-CM positive.
Grade 0: No myocardial uptake and normal bone uptake

Grade 1: Myocardial uptake < rib uptake

Grade 2: Myocardial uptake = rib uptake

Grade 3: Myocardial uptake > rib uptake



Differential Diagnosis with Biopsy

ATTR-CM

v/ SPECT/CT can further confirm tracer localization in

myocardium.




Special Case 1

Grade 1 - Sarcoidosis

Patient Profile

QO 54 y/o Asian Male

Symptoms

® Persistent dyspnea on exertion despite medical treatment

Past History

® Complete atrioventricular block, s/p Permanent
pacemaker (PPM).

Examination

® Coronary angiography : patent arteries



Raising Suspicion

Lab Data

Cardiac

Hepatic

Electrolytes

Inflammation

CXR

NT-proBNP 662 pg/ml
hs-TnT 24.73 ng/L
BUN 24.4 mg/dL
Creatinine 1.3 mg/dL
Uric Acid 6.1 mg/dL
eGFR 60.9 ml/min/1.73m?
Albumin 41g/dL
ALT 23 U/L
Na 144 mEq/L
K 4.0 mEqg/L
hsCRP 0.12 mg/dL




Special Case 1

Raising Suspicion

Electrocardiogram

Atrioventricular dual paced rhythm
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Raising Suspicion

Echocardiography
* IVSd 13 mm

* LVPWd 12 mm

* LVEF 43 %

* Apex and basal septal regional wall motion abnormality.

CMR

* Diffuse LGE
* Myocardial edema
¢ Elevated T1value and ECV

Diffuse LGE
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Special Case 1

Differential Diagnosis

Testing for AL
Free kappa 15.34 mg/L
Free lambda 16.89 mg/L
Serum Kappa/lambda ratio 0.908
IFE Serum IFE shows no monoclonal
gammopathy.
IFE Urine IFE shows no Bence Jones
proteins.

AL amyloidosis was ruled out.




Differential Diagnosis with

PmTc-PYP Scan

3-hr Planar Images

a3 |

Presence of cardiac activity, slightly less than rib activity

H/CL ratio interpretation

3-hour images:
H/CL ratios 2 1.3 are classified as ATTR-CM (+).
H/CL ratios < 1.3 are classified as ATTR-CM (+).

If significant blood pool activity is
observed on SPECT images,
calculating the H/CL ratio is not
recommended.

> H/CL ratio is 1.35.

R -



Special Case 1

Differential Diagnosis with
#mTc-PYP Scan

3-hr SPECT/CT Images

Visual grading =1
Patchy myocardial uptake over apex, basal septum, basal inferior wall,
generally less than rib activity.

Visual intepretation

Visual scores 2 2 on planar or SPECT images are classified as ATTR-CM positive.
Grade 0: No myocardial uptake and normal bone uptake

Grade 1: Myocardial uptake < rib uptake

Grade 2: Myocardial uptake = rib uptake

Grade 3: Myocardial uptake > rib uptake
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Differential Diagnosis with

Biopsy & ™Tc-PYP Scan

EMB: Granulomatous inflammation, Acid-fast statin (AFS) negative
- Cardiac sarcoidosis

Inflammation scan (lower row) showed inflammation at
myocardium, spleen, and mediastinal nodes
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Special Case 1

v/ Planar images with SPECT/CT better separate
myocardial uptake from blood pool activity.

v Patients with visual grade 1require further work-up.




Special Case 2

Grade 2 AL

Patient Profile

\ 60 y/o Asian Male

Symptoms

® Paroxysmal nocturnal dyspnea

® Orthopnea

Present lliness

® HFpEF with LVEF 58.2% (NYHAI1)




Special Case 2

Raising Suspicion

Lab Data

Cardiac

Hepatic

Electrolytes

Inflammation

NT-proBNP 1375 pg/ml
BUN 22.7 mg/dL
Creatinine 11 mg/dL
Uric Acid 10.0 mg/dL
eGFR 72.6 ml/min/1.73m?
Albumin 3.5g/dL
ALT 21U/L
Na 139 mEq/L
K 4.0 mEq/L
hsCRP 0.8 mg/dL




Raising Suspicion

Electrocardiogram

* R/o out Anteroseptal infarct
* AF with rapid ventricular response
* Low voltage QRS
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Special Case 2

Raising Suspicion

Echocardiography

LVIDd 52 mm

LVIDs 36 mm

IVSd 12 mm

LVPWd 12 mm

LVEF 59.8 %

LA 51 mm

Pericardial effusion, moderate

Mitral regurgitation and Tricuspid regurgitation,
mild-moderate




Differential Diagnosis with

PmTc-PYP Scan

3-hr Planar Images

60 degree 90 degree

3-hour images:
H/CL ratios 2 1.3 are classified as ATTR-CM (+).
H/CL ratios < 1.3 are classified as ATTR-CM (+).

If significant blood pool activity is
observed on SPECT images,
calculating the H/CL ratio is not
recommended.

> H/CL ratio is 1.22
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Special Case 2

Differential Diagnosis with
#mTc-PYP Scan

3-hr SPECT/CT Images
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Visual intepretation

Visual scores > 2 on planar or SPECT images are classified as ATTR-CM positive.
Grade 0: No myocardial uptake and normal bone uptake

Grade 1: Myocardial uptake < rib uptake

Grade 2: Myocardial uptake = rib uptake

Grade 3: Myocardial uptake > rib uptake
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Differential Diagnosis

Testing for AL
Free kappa 12.90 mg/L
Free lambda 1120.00 mg/L
Kappa/lambda ratio 0.015

IFE Shows no monoclonal gammopathy.
Free kappa 13.00 mg/L
Free lambda 768.00 mg/L
Kappa/lambda ratio 0.0169

IFE

Shows a very dense band of lambda
light chain Bence Jones proteins.

Abnormal monoclonal proteins were
demonstrated by urine
immunoelectrophoresis, and light chain
CA was subsequently impressed.

Mixed myeloma and familial systemic AL
amyloidosis , status post bone marrow

biopsy proven.

I




Special Case 2

v AL-CA must be excluded with laboratory screening in
every patient with suspected CA (AL-CA can
sometimes cause grade 2 or 3 uptake on PYP scan)




Special Case 3

Grade 3
Hyperphosphatemia-Related False-Positive

Patient Profile

~

= 30 y/o Asian Male
-

Present lliness

® ESRD, on peritoneal dialysis since age 22

® Hypertension documented concurrently with his ESRD,
under medical treatment

Symptoms

® Exertional dyspnea for 2 months




Special Case 3

Raising Suspicion
Lab Data
HR 65 bpm
Vital Sign
BP 146/112 mmHg
Cardiac NT-proBNP 429471.0 pg/ml
Hb 78 g/dL
WBC 5,140/ul
PLT 162,000/mm?
BUN 87 mg/dL
Creatinine 12.71 mg/dL
Uric Acid 6.5 mg/dL
Na 135 mEq/L
K 4.38 mEq/L
Ca 9.6 mg/dL
Electrolytes
e
iPTH 488 pg/ml

Findings reflect ESRD on long-term peritoneal dialysis with
anemia, hyperphosphatemia, and secondary
hyperparathyroidism managed by erythropoietin and
calcium acetate.

- D



Raising Suspicion

Electrocardiogram

LVH and first-degree AV block
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Interval cardiomegaly is noted



Special Case 3
Raising Suspicion

Echocardiography

¢ |VSd 18 mm
LVEF 36 %
Mild mitral annular calcification

Minimal pericardial effusion




Raising Suspicion

CMR
Moderate depressed LV systolic function.
Dilated LV is noted with diffuse hypokinesis of LV.

* T1 mapping showed normal native T1 over left
ventricle.

LGE was not performed due to ESRD.

Testing for AL
Free kappa 201.36 mg/L
Free lambda 209.49 mg/L
Kappa/lambda ratio 0.96
IFE Shows no monoclonal gammopathy.

AL amyloidosis was ruled out.
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Special Case 3

Differential Diagnosis with
#mTc-PYP Scan

3-hr Planar Images

* Myocardial uptake > rib (Perugini score 3)

* Hyperdense basal septum with intense uptake; diffuse
lung uptake

¢ Clinical criteria met for ATTR-CM; TTR gene mutation
negative

«



Differential Diagnosis with

RV endomyocardial biopsy performed
(A) H&E: hypertrophied cardiomyocytes, preserved structure
(B) Congo red: no amyloid (no apple-green birefringence)
(C) Masson’s trichrome: no significant fibrosis
(D) Immunostaining: transthyretin negative

LVH was due to cardiomyocyte enlargement, not fibrotic
remodeling or amyloid deposition.

e



Special Case 3

Documented False-Positive of PYP Scan

Documented False-positive Causes of Myocardial
Scan with Bone Tracers for the Diagnosis of
ATTR-CM:

Acute myocardial infarction
History of radiation therapy'
Recent iron infusion?
Cardioversion (DC shock)?

Usage of cardiotoxicity drugs*®

Hyperphosphatemia®

The patient had no history of AMI and had never received
radiotherapy, cardioversion, and he did not have recent
iron infusion. All the drugs he took in the past years were
just antihypertensive drugs and those common
medications used in ESRD management; no drugs of
cardiotoxicity had ever been used. The false-positive result
of the PYP scan in this patient was most likely related to
hyperphosphatemia related metastatic calcification
myocardium.

Reference:

1. George O. Ajene, D. D, Christian A. Inchaustegui, Ajith Nair. ACC.23/WCC,
2. Lades, G, et al. ] Nucl Cardiol 29: 2051-2052.

3.Pugh, B.R, etal. Circulation 54: 399-403.

4. Wakfie-Corieh, C. G, et al. Clin Nucl Med 46: e188-e189.

5.Chang, I. C.Y, et al. Circ Cardiovasc Imaging 11: €007059.

6. Enevoldsen, L. H, et al. Clin Physiol Funct Imaging 37: 131-136.
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v There should be an explainable reason in a false-positive
PYP scan.

v/ Common causes of false-positive in a PYP scan include
AMI, post-RT, recent iron-infusion, cardioversion, and
drugs of cardiotoxicity. Hyperphosphatemia is a less
commonly mentioned but important cause of
false-positive PYP scan.

v/ EMB is important when clinical profile or examinations
are inconsistent.




Standardized Reporting of

#mTc-PYP Scan for CA (1/3)

Standardized Reporting of ®"Tc-PYP Scan for Cardiac Amyloidosis

Recommended items for cardiologists to submit with PYP scan requests
Reasons for Test

Lab Data findings :

NT-proBNP :. pg/ml  BNP: pg/ml

Troponin | : ng/ml  TroponinT: ng/ml

BUN: mg/dl  Creatinine : mg/dl eGFR: mUmin/1.73m2
Others :

Echocardiography findings :

Increased LV wall thickness:  Septum mm Posterior wall mm
LVEF : %
O Increased LV mass [ LV longitudinal strain pattern [ Mitral annular TDI <5 cm/s

[ Biatrial enlargement  [J Small A wave in sinus rhythm [ Pericardial and/or Pleural effusions

Cardiac MRI findings :

[ Diffuse or global LGE pattern [ Significantly increased ECV [ Elevated Native T1 values

O Increased LV wall thickness [ Increased LV mass [ Pericardial and/or Pleural effusions

Other Reasons for Test :
[ Abnormal ECG (e.g., Low QRS voltage, Ml ...) [ Family history of FAP
[ Others :

- D



Standardized Reporting of

9mTc.PYP Scan for CA (2/3)

PYP Methods
Dose : mCi Scan technique : O Planar OSPECT OSPECT/CT
Interval between injection and scan : hour

PYP Findings

Image Quality : [J Good [ Fair OJ Poor
Visual Interpretation (Required) :
3-hrVisualGrade : 00010203

Pattern : (] Diffuse [ Focal [J Others:
Comments :

Visual interpretation Definition :
Evaluate for cardiac uptake on both planar and myocardial uptake on SPECT or SPECT/CT images.
If SPECT images show radiotracer uptake in the myocardium, proceed with visual grading.
In the absence of any myocardial tracer uptake on SPECT, assign a visual grade of 0.
Grade 0 = No myocardial uptake Grade 1 = Myocardial < rib uptake (mild)
Grade 2 = Myocardial # rib uptake (moderate) Grade 3 = Myocardial > rib uptake (severe)

If the visual grading of planar and SPECT images is inconsistent, it is recommended to rely on the visual

score obtained from the SPECT images.

Semi-Qi itative Findings (Opti: r ded for positive scans) :

H/CL Ratio
3-hr : [J<1.3 (Negative) [121.3 (Positive)

If significant blood pool activity is observed on SPECT images, calculating the H/CL ratio
is not recommended.

AL evaluation

OAL excluded O AL cannot be excluded O AL not yet evaluated

Causes of False Positives and False Negatives of PYP Scan in ATTR-CM Diagnosis

False Positives

AL amyloidosis Hydroxychloroquine cardiac toxicity Blood pool activity
ApoAlV, AB2M Recent myocardial infarction (<4 weeks)
amyloidosis Rib fractures and Valvular/Annular calcifications

False Negatives

Phe84Leu hATTR Delayed or Premature acquisition

Ser97Tyr hATTR Early-stage disease progression
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Standardized Reporting of

#mTc-PYP Scan for CA (3/3)

PYP Imaging Impression

[ Strongly suggestive of ATTR-CM (Visual grade 2 or 3)
[0 Not suggestive of ATTR-CM (Visual grade 0)
O Equivocal (Visual grade 1 or uncertain between grade 1 & 2)

Definitions
Strongly suggestive:
Diffuse myocardial uptake of ®®™Tc-PYP visually confirmed, with a visual grade of 2 or 3.
Not suggestive:
Visual grade of 0.
Equivocal:

Diffuse myocardial uptake of ®™Tc-PYP visually confirmed, with a visual grade of 1, or
interpretive uncertainty between grade 1 and grade 2.

Additional Recommendation :
[0 Hematology consult [0 Repeatimaging O Follow-up labs

EHEUNTE—EN > BRE— T BN R REEDAHELR

v B F & (Echo) F-whimiikis % (Cardiac MRI) & A If 5% o Bl SR AR TUAE
ARYGMELERE "R 4, R TR
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Reporting Physician :

Date :
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Clinical Laboratory Reference Ranges

Category

Cardiac

Hepatic

Electrolytes

Inflammation

Test ltem Unit Reference Range
NT-proBNP pg/mL <125 (non-acute), <300 (acute HF)
hs-TnT ng/L <14
Troponin | ng/mL <0.04
CPK u/L 30 -223
CK-MB u/L <24
BUN mg/dL 7-25
Creatinine mg/dL 06-13
Uric Acid mg/dL Male: 4.4 - 7.6, Female: 2.3 - 6.6
eGFR mL/min/1.73m? 290
Albumin g/dL 35-57
ALT u/L <4
Na mEq/L 136 - 145
K mEq/L 35-51
Ca mg/dL 8.6-10.2
Inorganic P mmol/L 25-45
hsCRP mg/dL <03
Hb g/dL Male: 131 -17.2, Female: 11.0 - 15.2
WBC /uL 3250 - 9160
PLT /mm?® 150,000-378,000
Free kappa (serum) mg/L 3.3-19.4
Free lambda (serum) mg/L 5.7-26.3
Kappa/lambda ratio - 0.26-1.65
Free kappa (urine) mg/L <329
Free lambda (urine) mg/L <379
Alpha-GAL pmol/hr >15

Source: National Taiwan University Hospital, Far Eastern
Memorial Hospital, Taipei Veterans General Hospital
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