Journal of Cardiography 15: 163-180, 1985

£85%7 ivn4 F—v 20  Cardiac involvement in
LRE: Ly v F2 77  gystemic amyloidosis :
4 =T X B&E Myocardial scintigraphic

evaluation

AHEE E Minoru HONGO
IT):: [ E2 Hiroyoshi YAMADA
KARSE— Shinichi OKUBO
ST Jiro HIRAYAMA
B BE Tadashige FUJII

HE B= Shozo KUSAMA
WwE fE—* Shu-ichi IKEDA*

Summary

To assess the clinical significance of technetium-99m-pyrophosphate (T'c-99m-PYP), -methylene
diphosphonate (T'c-99m-MDP) and thallium-201 (T1-201) myocardial scintigraphy in the diagnosis
of cardiac amyloidosis and in the differential diagnosis of cardiac diseases, 12 patients with biopsy-
proved systemic amyloidosis (seven with familial amyloid polyneuropathy (FAP) and five with pri-
mary amyloidosis) were investigated.

The results obtained were as follows :

1. In 10 patients (six with FAP and four with primary amyloidosis) studied by Tc-99m-PYP
scintigraphy, two (FAP one, primary amyloidosis one) had diffusely positive myocardial uptake, which
was of greater intensity than that of the sternum. Six (four FAP; two primary amyloidosis) also had
diffusely positive myocardial uptakes, but the intensity was less than that of the sternum. The remaining
two (one FAP; one primary amyloidosis) had only equivocal myocardial uptakes. Two of these pa-
tients also had hepatic uptakes and another had both hepatic and thyroid uptakes. The intensity
of myocardial uptake of Tc-99m-PYP in patients with echocardiographic left ventricular hypertrophy
and/or highly refractile myocardial echoes, so-called granular sparkling appearance (GS) was slightly
greater than that in patients with neither myocardial hypertrophy nor GS. FAP had slightly less
intensity than primary amyloidosis. In 29 persons with other cardiac diseases and normal subjects ex-
amined by Tc-99m-PYP scintigraphy, seven (two dilated cardiomyopathy; two sarcoidosis; three
hypertensive heart disease) also had diffusely positive myocardial scans of mild or moderate degree.
However, none of them had marked myocardial or other tissue uptakes.

2. Both Tc-99m-PYP and -MDP scintigraphic studies were performed in four patients (three
FAP; one primary amyloidosis). In Tc-99m-MDP scintigraphy, diffusely positive myocardial uptakes
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were observed in two patients with FAP and the remaining two had negative scans. The intensity
of Tc-99m-MDP myocardial uptake in each patient was significantly lower than that of Tc-99m-
PYP uptake.

3. TI-201 scintigraphy was carried out in 10 patients (six FAP; four primary amyloidosis). Left
ventricular hypertrophy was found in six patients and right ventricular visualization in five. Although
electrocardiograms in seven of 10 patients showed QS patterns in the right to mid precordial leads,
similar to that seen in antero-septal and extensive anterior myocardial infarctions, neither myo-
cardial perfusion defect nor low uptake on TI-201 images was detected in nine of them. The scinti-
grams in another one, which showed low uptake at the apical portion of the left ventricle, were con-
sidered normal.

In conclusion, Tc-99m-PYP scintigraphy is a useful non-invasive procedure for the diagnosis of
cardiac amyloidosis not only in primary amyloidosis but also in FAP, and this procedure seems to be
more sensitive than Tc-99m-MDP scintigraphy. However, we should pay attention to the presence
of hepatic and thyroid uptake in addition to positive myocardial scans when cardiac amyloidosis is
diagnosed by Tc-99m-PYP scintigraphy alone, because diffusely positive myocardial uptake of Tc-
99m-PYP is usually seen in other cardiac diseases. In addition, T1-201 scintigraphic findings, espe-
cially the presence of myocardial perfusion defects and/or low uptakes may be useful in the differential
diagnosis of cardiac amyloidosis from myocardial infarction.
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Table 1. Clinical findings

LHMETInA F—YRONGY Vv F I 574 —FFA

Case Age Sex CHF

Symptoms

Diagnosis (biopsy)

Familial amyloid polyneuropathy
1. 59 M (=)
2. 54 M (=)
3. 46 F (=)

Distal paresthesia

paresthesia
4. 38 F (=)
paresthesia

S. 67 M (=)
paresthesia

6. 52
7. 60 M (+)

]
I

Distal paresthesia

Chest pain, distal paresthesia
Constipation, diarrhea, distal

Constipation, diarrhea, distal

Urinary incontinence, distal

Shortness of breath, orthopnea,

Endomyocardium, rectum
Endomyocardium, stomach
Endomyocardium, rectum

Endomyocardium, rectum

Rectum

Stomach

Rectum, stomach

diarrhea, distal paresthesia

Primary amyloidosis

orthopnea

1. 58 M (+) Shortness of breath,
2. 68 M (+) Shortness of breath,
3. 51 F (=) Shortness of breath,
4. 53 M (=) Diarrhea, bleeding

5. 66 F (+) Shortness of breath,

orthopnea

Endomyocardium, rectum, stomach
cough Stomach
cough Stomach

Skin

Endomyocardium, thyroid

CHF =congestive heart failure; M=men; F=women.
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Table 2. Chest radiographic, electrocardiographic, and echocardiographic findings

Case CTR on chest

Electrocardiogram

Echocardiogram

radiograph LVPWT IVST RVAWT GS
(mm) (mm) (mm)
Familial amyloid polyneuropathy
1. 51(%) First degree A-V block, LAD, QS 15 17 4 Vs
in V-V,
2. 50 First degree A-V block, QS in V,, 12 13 6 IVS (sub.)
3. 39 NSR, LAD, QS in V,-V,;, LAH 10 10 — (=)
4. 44 NSR, poor R wave progression 10 9 3 IVS (sub.)
5. 48 NSR, LAD 9 8 — (=)
6. 43 Within normal limits 9 10 — (=)
7. 59 First degree A-V block, LAH, LAD, 16 22 8 IVS (sub.)
QS in V-V,
Primary amyloidosis
1. 63 First degree A-V block, LAD, QS in 20 20 5 IVS, LVPW
II, III, aVF, Vy,, low voltage
2. 54 Af, RAD, QS in V-V, 10 13 2 IVS
3. 48 Within normal limits 10 10 — (=)
4. 43 NSR, LAD, QS in Vy, 13 9 — (=)
5. 66 First degree A-V block, QS in V,-V,, 16 11 4 VS

low voltage

ECG=electrocardiogram ; A-V=atrio-ventricular; LAD=left axis deviation; NSR=normal sinus rhythm;
LAH=left anterior hemiblock; Af=atrial fibrillation; RAD=right axis deviation; CTR =cardiothoracic ratio;
LVPWT =thickness of the left ventricular posterior wall ; [VST =thickness of the interventricular septum ; RVAWT
=thickness of the right ventricular anterior wall; GS=granular sparkling appearance ; sub.=subendocardium.
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Table 3. Myocardial scintigraphic findings

Tc-99m-PYP uptake TI-201 imaging
Case Heart Other organs Tc-99m-MDP uptake Low uptake LVH RV vis. Lung uptake
Familial amyloid polyneuropathy
1. 4+ liver, thyroid 2+ (=) (+) (=) =)
2. 2+ 0 (=) CONNNED) +)
3. 3+ 2+ (=) = =) (=)
4. 2+ (=) =) (=) (-)
5. 2+
6. 1+ (=) = (=) (=)
7. (=) (+)
Primary amyloidosis
1. 3+ 0 apex (+) (+ (+)
2. 34+ liver (=) (+) (+) (+)
3. 4+ liver (=) = =) (=)
4, 1+
5. 0 (=) (+)  (#) (+)
No. of
abnormal 1 6 5 5
(%) (10) (60)  (50) (50)

Grading system of myocardial uptakes of Tc-99m-PYP and -MDP
0: negative, 1+ : equivocal uptake, 2+ : intensity<ribs, 3+ : intensity=ribs<sternum, 4+ : intensity=
sternum.
Tc-99m-PYP =technetium-99m-pyrophosphate ; Tc-99m-MDP=technetium-99m-methylene diphosphonate; TIl-
201 =thallium-201; LVH=left ventricular hypertrophy; RV vis.=right ventricular visualization ; No.=number.

No. of cases FAP
DA PA
101 ] control
8 L
6}
a4t
2 -
PYP uptake
0 1+ 2+
9% of control ’
subjects 100 80 57 50 0

Fig. 1. Diffuse myocardial uptake of Tc-99m-PYP in systemic amyloidosis and control sub-
jects.

None of control subjects has greater intensity than that of sternum (4+).

FAP=familial amyloid polyneuropathy; PA=primary amyloidosis; PYP=pyrophosphate; No.=
number.
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Fig. 2. Relationship between Tc-99m-PYP uptake
and LVPWT.

The intensity of myocardial uptake of Tc-99m-PYP
in patients with echocardiographic left ventricular hy-
pertrophy is slightly greater than in patients without
hypertrophy.

LVPWT =thickness of the left ventricular posterior
wall.

PYP score

4 -3

LT

ot

1 -

0
GS(+) GS(-)
28407 22+1.2

n=5 n=5

Fig. 3. Comparison of PYP score between GS (+)
and GS (—) group.

PYP score in patients with GS on the two-dimen-
sional echocardiogram is slightly greater than that in
patients without GS.

GS=granular sparkling appearance.
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at

3 -. -[
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1 -

0o
FAP PA

23109 28+141

n=6 n=4

Fig. 4. Comparison of PYP score between FAP
and PA.

PYP score in FAP is slightly less than that in PA.
Abbreviations are the same as those in Fig. 1.

Score
4k —P<0.05—
Lo
2F
1k
(o]
PYP MDP
30407 Ot
n=

Fig. 5. Comparison of score between Tc-99m-
PYP and -MDP myocardial uptake in systemic
amyloidosis.

Four patients had both Tc-99m-PYP and -MDP
myocardial scintigraphy. MDP score is significantly
lower than PYP score.
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Vi V2 Vs Va Vs Vs

Fig. 6. Electrocardiogram and two-dimensional echocardiogram from a case of FAP (59-
year-old, man).

a: Electrocardiogram shows first degree A-V block, abnormal left axis deviation and QS pattern
in leads V,_j.

b: Two-dimensional echocardiogram reveals symmetric hypertrophy of the IVS and LVPW, and
highly refractile echoes, so-called granular sparkling appearance in the entire IVS.

A-V=atrio-ventricular ; IVS=interventricular septum; LVPW =left ventricular posterior wall.
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Fig. 8. Polarized microscopic feature of the endomyocardial biopsy specimen of the right

ventricle of the same case as shown in Fig. 6.

Amyloid deposition is detected in the fatty tissue (Congo-red stain, original magnification X 150).
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Fig. 9. Electrocardiogram and two-dimensional echocardiogram from a case of primary
amyloidosis (58-year-old, man).

a: Note first degree A-V block, abnormal left axis deviation, QS pattern in leads II, III, aVF,
V,. and low voltage in limb leads.

b: Symmetric hypertrophy of the IVS and LVPW, a small amount of pericardial effusion and
granular sparkling appearance in both the IVS and LVPW are observed. Left ventricular walls show
hypokinetic movement. The movement of the apex is the same as that of the other portion.

Abbreviations are the same as those in Fig. 6.
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Fig. 11. Polarized microscopic feature of the endomyocardial biopsy specimen of the right

ventricle of the same case as shown in Fig. 9.

Diffuse amyloid deposition is observed between the myocardial fibers (Congo-red stain, original

magnification X 150).
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Fig. 12. Electrocardiogram from a case of primary amyloidosis (66-year-old, woman).
Note first degree A-V block, QS pattern in leads V;_; and low voltage in limb leads.
Abbreviations are the same as in Fig. 6.

Fig. 13. TI-201 myocardial scintigrams of the same case as shown in Fig. 12.

Left ventricular hypertrophy, right ventricular visualization and lung uptake are observed, but nei-
ther low uptake nor myocardial perfusion defect is delineated.

Abbreviations are the same as those in Fig. 7.
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Fig. 14. Microscopic feature of the endomyocardial biopsy specimen of the right ventricle
of the same case as shown in Fig. 12,
Myocardial fibers are extensively replaced by massive amyloid deposition (Hematoxylin-Eosin stain,

original magnification X 150).
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