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Clinical Significance of 12-Lead Electrocardiography,
24-Hour Holter Monitoring, and Body Surface Potential Maps
for Assessment of Cardiac Involvement in Patients with
Familial Amyloid Polyneuropathy

Masashi TAKEDA
Department of Internal Medicine, Shinshu University School of Medicine
(Director : Prof. Morie SEKIGUCHI)

To determine the clinical significence of 12-lead electrocardiography (ECG), 24-hour Holter monitoring,
and body surface potential maps in assessing cardiac involvement in familial amyloid polyneuropathy, we
examined 65 patients. ECG revealed various abnormalities, among which cardiac conduction disturbances
were common. The incidence of complex conduction disturbances, QS pattern in right precordial leads, and
low voltage in limb leads increased with progression of the neurologic disabilities, In addition, decreased R
wave voltage in leads V5 and V6 appeared in the majority of the patients who presented two or less ECG
abnormalities. Although 24-hour ambulatory ECG monitoring demonstrated various arrhythmias which were
not detected by 12-lead ECG alone, they proved to be transient, showing no correlation between their severity
and the neurologic manifestations. In QRS isopotential and isochrone maps, the mean values of the positive
potential were significantly lower and ventricular activation time was more prolonged in the advanced stage
of the patients. QRST isointegral maps of advanced patients showed a large negative area and a small positive
area over the anterior and lateral chest. )

In conclusion, in patients with familial amyloid polyneuropathy, (1) decreased R wave in leads V5 and V6
in 12-lead ECG is useful to detect cardiac involvement in the earliest stage, (2) the precise prognostic
significance of 24-hour Holter monitoring remains uncertain, and (3) changes in body surface potential maps
correlate well with the severity of the disease, Shinshu Med J 47 : 33—46, 1999
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Fig. 1 Clinical characteristics.

Incidence of congestive heart failure is significantly higher (panel A) and that of Adams-Stokes syndrome is
lower (panel B) in patients with AL (primary) amyloidosis than in familial amyloid polyneuropathy. Patients
with familial amyloid polyneuropathy show significantly lower left ventricular mass (panel C) and slightly
greater percent fractional shortening of the left ventricle (panel D) than in patients with primary amyloidosis.
FAP=familial amyloid polyneuropathy ; AL=AL (primary) amyloidosis.
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Fig. 2 12-lead electrocardiographic findings.

Patients with AL (primary) amyloidosis have a significantly higher incidence of rhythm disturbances than
those with familial amyloid polyneuropathy (panel A), Prevalence of conduction disturbances is slightly higher
(panel B) and that of low voltage in limb leads is lower (panel C) in patients with familial amyloid polyneur-
opathy than in patients with AL (primary) amyloidosis. There is no significant difference in the incidences of
right precordial QS pattern and/or poor R wave progression between both patients (panel D). Other abbrevia-
tions as in Fig. 1.

Table 1 12-lead electrocardiographic abnormalities in relation to neurologic disabilities
in patients with FAP

Stage
I I I Total

(n=22) (n=23) (m=20) (n=65)
QSinV, V. . 8(36) 8(35) 9(45) 25(38)
PRWP 6027 6(26) 3315 15(23)
LAD ) 8(36) 9(39 8340 25(38)
Low voltage 2 2 3 7¢10)
LVH 2 0 4(6)
I°AVB 3 6 6 15(23)
II° AVB 0 1 0 1]
Complete AVB 1 1 4 - 69
CL.BBB 2 5 3 10(15)
CRBBB 1 4 4 9(14)
LAH 5 3 2 10015)
SS8S8 1 2 0 35
Atrial fibrillation 0 1 1 2(3)

The numbers in parentheses indicate the incidence of abnormalities in 12-lead electrocardio-
gram. AVB=atrioventricular block ; CLBBB=complete left bundle branch block ; CRBBB=
complete right bundle branch block ; FAP=familial amyloid polyneuropathy ; LAD=left axis
deviation ; LAH =left anterior hemiblock ; LVH=left ventricular hypertrophy ; PRWP=poor
R wave progression in right precordial leads; SSS=sick sinus syndrome.
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Table 2 Conduction disturbances in 12-lead electrocardiograms in
relation to neurologic disabilities in patients with FAP

Stage
I II il
(n=22) (n=23 (n=20)

1°AVB alone 1 2 3
1°AVB+LAH 1 1 0
I1°AVB-+CLBBB 0 2 2
I°AVB+CRBBB 1 1 0
I1* AVB alone 0 1 0
Complete AVB alone 0 1 0
Complete AVB+LAH 0 0 1
Complete AVB+CRBBB 0 0 2
CLBBB alone 0 2 1
CLBBB-+S8S5S 0 1 0
CRBBB alone 0 2 2
LAH alone 2 2 0
LAH+SSS 1 0 0

Abbreviations as in Table 1.

Table 3 Serial changes in 12-lead electrocardiograms in 21 patients with FAP

Follow-up

12-lead ECG

Rv6(mm) Time interval (month)

Initial
NO. Age Sex Stage 12-lead ECG Rv6(mm)
D43 F I SS§ LAD LAH,QSinV1~V3 4
2) 60 M I I1°AVBLADLAILQSinV1~V4 15
3 38 F T WNL 3
4 39 F I LAD 12
526 M I PRWP 7
6) 53 F I LVH, PRWP 9
73 M 1 I°AVB,CRBBB,LAD 5
8 60 M II I°AVB,LAD,QSinV1l~V3j 5
9 33 M I LAD, LAH, PRWP 3
100 67 M 1I CRBBB 3
11) 54 M II WNL g9
12) 41 F 1 I°AVB,LAD 2
13) 51 F I I°AVB,LAD, QSinV1~V3 7
14) 40 F M I°AVB,QSinV1~V3 6
15) 3 M Il T1°AVB,CLBBB,LAD,QSinVI~V4 5
16) 37 F I QSinV1i~V3 7
1741 F N0 I°AVB,QSinV1i~V3 4
18) 79 M Il LAD, PRWP, Low voltage 7
19 63 M m LAD 6
200 49 F M I°AVB 4
21) 36 M Hl WNL 9

1°AVE, CRBBB, RAD

SSS, LAD, LAH, QS in V1 ~ V4
Atrial flutter, IRBBB, LAD
IRBBB, LAD

Complete AVB, LAD

1°AVB, LVH, PRWP

5SS, Complete AVB ‘
1°AVB, CLBBB, LAD,QSin V1~V4
I1°AVB, CLBBB, LAD, QSin V1~V4
1°AVB, CRBBB, LAD
I*AVB, CLBBB, PRWP
I1*AVB, CRBBB, LAD
Complete AVB, LAD,LAH,QSinVI~V3
I°AVB, CLBBB, QS in V1~V4
SSS, CLBBB, LAD, QSin V1~V4
Atrial fibrillation, QS in V1~V 3
Complete AVB, QS in V1~V3
1° AVB, LAD, PRWP, Low voltage
Atrial fibrillation, LAD, LAH
Complete AVB, LBBB, LAD
PRWP, Low voltage

4
6

—
[ o]

wmmmwmwg\xmmmwg‘-&mm

RAD=right axis deviation ; WNL=within normal limits. Other abbreviatiéns as in Table 1.
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Fig. 3 Serial changes in 12-lead electrocardiogram in a
38-year-old woman with familial amyloid polyneuropathy.
There are only a few abnormalities, such as right axis
deviation and decreased R wave in leads V5 and V6 at
initial study. Complete right bundle branch block, left
anterior hemiblock, first degree atrioventricular block,
and QS pattern in leads V3 and V4 developed and R wave
in leads V5 and V6 became markedly decreased 66 months
after the initial examination. Ten months later, she devel-
oped syncopal attacks in association with atrial flutter
with marked bradycardia so that a permanent pacemaker
was implanted. i
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Fig. 4 Serial changes in 12-lead electrocar-
diogram in a 54-year-old man with familial
amyloid polyneuropathy. At initial study, 12-
lead electrocardiography shows no signifi-
cant abnormalities other than nonspecific
intraventricular conduction delay. Voltage
of R wave in lead V6 was 0.9mV. Complete
left bundle branch block, first degree
atrioventricular block, and left axis devia-
tion developed 74 months after the initial
examination.
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Table 4 24-hour Holter electrocardiographic findings in relation to neurological disabil-
ities in patients with FAP

Stage
1 11 i Total
(n=3) =9 (n=4) (n=16)
SA block 0 1an 0 1(6)
SN dysfunction 1(33) 2(22) 1(25) 4(25)
SVPC 1(33) 8(89) 3(75) 12(75)
PSVT 2067) 333 0 531D
VPC (Lown class)
1 0 3D 0 319
2 1(33) 0 0 1(6)
3 0 1an 2050 30D
4a 1(33) 141D 0 2(13)
4h 1(33) 2022 1(25) 4(25)
1°AVB 0 1QD 0 162
II° AVB(Wenchebach) 0 3(33) 1(25) 4(25)
Complete AVB 1333 0 0 16)
AV dissociation 0 0 1(25) 1(6)

The numbers in parentheses indicate the incidence of abnormalities in 24-hour Holter
electrocardiographic monitoing. PSVT=paroxysmal supraventricular tachycardia;
SA block=sinoatrial block; SN dysfunction=sinus node dysfunction; SVPC=su-
praventricular premature contraction; VPC=ventricular premature contraction. Other

abbreviations as in Table 1,
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Fig.5 Comparison of the mean values of indexes derived from body surface potential maps in 20 patients with
familial amyloid polyneuropathy. IQRSTmax =maximal value of QRST isointegral maps; IQRSTmin=mini-
mal value of QRST isointegral maps: QRSd=QRS duration ; Rmax=the maximal potential during the QRS
wave ; Smin=the minimum potential during the QRS wave ; VATmax =maximal value of ventricular activa-

tion time.
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Fig. 6 Relations between SQRST/n and percent
fractional shortening and left ventricular mass in
patients with familial amyloid polyneuropathy.
2QRST/n is inversely correlated with percent frac-
tional shortening (panel A) and positively correlat-
ed with left ventricular mass (panel B).

% FS=percent fractional shortening ; LV mass=
left ventricular mass.
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