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ABSTRACT

Cardiac involvement in familial amyloidosis with polyneuropathy.

Peter Eriksson, Department of Internal Medicine, University of Umeå, 
S-901 85 Umeå, Sweden

Familial amyloidosis with polyneuropathy (FAP) is a neuropathic form of 
heredofamilial systemic amyloidosis. Clusters of patients have been re
ported predominantly from Portugal, Japan and Sweden. The present study 
examines the involvement of the heart in individuals with the Swedish 
variety of FAP.
During long-term ECG recording in 16 patients, a high frequency of dis
turbances of sinus node function and atrioventricular conduction were 
observed. Long-term ECG may help considerably in the evaluation of 
symptoms attributable to disturbances of heart rhythm in FAP.
A retrospective survey of 20 patients with FAP treated with a pacemaker 
showed that the indication for pacing was advanced atrioventricular 
block (12 cases), dysfunction of the sinus node (5 cases), and atrial 
fibrillation with a slow ventricular response (3 cases). All patients 
experienced the effective relief of symptoms attributable to a slow 
ventricular rate. The long-term prognosis, however, seemed unaffected 
by this treatment.
Histopathological examination of the sinoatrial (9 cases) and atrioven
tricular (6 cases) parts of the conduction system showed marked amyloid 
infiltration in all cases, which may explain the high occurrence of 
disturbances of cardiac rhythm and conduction.
Twelve patients were examined by two-dimensional echocardiography and 
changes of varying degrees, such as highly refractile myocardial echoes 
(12 cases) and thickened ventricular walls (8 cases) and valves (7 
cases), could be observed. Technetium-99m-pyrophosphate scintigraphy of 
the same patients revealed abnormal myocardial uptake of the isotope 
only in four. Echocardiography thus seems to be superior to scinti
graphy for non-invasive detection of cardiac involvement in FAP. 
Myocardial samples from regions producing highly refractile myocardial 
echoes were obtained at in vitro échocardiographie examination of 
hearts from FAP autopsy cases. Histological examination showed that the 
highly refractile echoes corresponded to more or less sharply delineat
ed nodules, containing amyloid and collagen in various amounts.

Key words: amyloidosis, arrhythmias, cardiac pacing, cardiac radio
nuclide imaging, echocardiography, electrocardiography, 
pathology
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ABSTRACT

Cardiac involvement in familial amyloidosis with polyneuropathy.

Peter Eriksson, Department of Internal Medicine, University of Umeå, 
S-901 85 Umeå, Sweden

Familial amyloidosis with polyneuropathy (FAP) is a neuropathic form of 
heredofamilial systemic amyloidosis. Clusters of patients have been re
ported predominantly from Portugal, Japan and Sweden. The present study 
examines the involvement of the the heart in individuals with the 
Swedish variety of FAP.
During long-term ECG recording in 16 patients, a high frequency of dis
turbances of sinus node function and atrioventricular conduction were 
observed. Long-term ECG may help considerably in the evaluation of 
symptoms attributable to disturbances of heart rhythm in FAP.
A retrospective survey of 20 patients with FAP treated with a pacemaker 
showed that the indication for pacing was advanced atrioventricular 
block (12 cases), dysfunction of the sinus node (5 cases), and atrial 
fibrillation with a slow ventricular response (3 cases). All patients 
experienced the effective relief of symptoms attributable to a slow 
ventricular rate. The long-term prognosis, however, seemed unaffected 
by this treatment.
Histopathological examination of the sinoatrial (9 cases) and atrioven
tricular (6 cases) parts of the conduction system showed marked amyloid 
infiltration in all cases, which may explain the high occurrence of 
disturbances of cardiac rhythm and conduction.
Twelve patients were examined by two-dimensional echocardiography and 
changes of varying degrees, such as highly refractile myocardial echoes 
(12 cases) and thickened ventricular walls (8 cases) and valves (7 
cases), could be observed. Technetium-99m-pyrophosphate scintigraphy of 
the same patients revealed abnormal myocardial uptake of the isotope 
only in four. Echocardiography thus seems to be superior to scinti
graphy for non-invasive detection of cardiac involvement in FAP. 
Myocardial samples from regions producing highly refractile myocardial 
echoes were obtained at in vitro échocardiographie examination of 
hearts from FAP autopsy cases. Histological examination showed that the 
highly refractile echoes corresponded to more or less sharply delineat
ed nodules, containing amyloid and collagen in various amounts.
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nuclide imaging, echocardiography, electrocardiography, 
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ABBREVIATIONS

AV = atrioventricular 
ECG = electrocardiogram
FAP = familial amyloidosis with polyneuropathy 
HREs = highly retractile echoes 
Tc-99m-PYP = technetium-99m-pyrophosphate
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ORIGINAL PAPERS

The present thesis is based on the following papers, which are referred 
to by their Roman numerals:

I Eriksson P, Karp K, Bjerle P, Olofsson B-0.
Disturbances of cardiac rhythm and conduction in familial amyloido
sis with polyneuropathy.
Br Heart J 1984 (In press).

II Eriksson P, Olofsson B-0.
Pacemaker treatment in familial amyloidosis with polyneuropathy. 
PACE 1984 (In press).

III Eriksson A, Eriksson P, Olofsson B-0, Thornell L-E.
The sinoatrial node in familial amyloidosis with polyneuropathy.
A clinico-pathological study of nine cases from northern Sweden. 
Virchows Arch (Pathol Anat) 1984;402:239-46.

IV Eriksson A, Eriksson P, Olofsson B-0, Thornell L-E.
The cardiac atrioventricular conduction system in familial amy
loidosis with polyneuropathy. A clinico-pathologic study of six 
cases from northern Sweden.
Acta Pathol Microbiol Immunol Scand, Sect A, 1983;91:343-9.

V Eriksson P, Backman C, Bjerle P, Eriksson A, Holm S, Olofsson B-0. 
Non-invasive assessment of the presence and severity of cardiac 
amyloidosis. A study in familial amyloidosis with polyneuropathy by 
two-dimensional echocardiography and technetium-99m-pyrophosphate 
scintigraphy.
Br Heart J (In press).

VI Eriksson P, Eriksson A, Backman C, Hofer P-Å, Olofsson B-0.
Highly refractile myocardial echoes in familial amyloidosis with 
polyneuropathy. A correlative échocardiographie and histopathologi- 
cal study.
Acta Med Scand (In press).
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INTRODUCTION 

Amyloid and amyloidosis
Amyloidosis comprises a heterogeneous group of disorders, some general
ized and some localized. Common to all these conditions are deposits of 
amyloid which may displace, destroy, and replace normal tissues (35, 
50, 65). Amyloid is an extracellular, amorphous, eosinophilic, hyalin 
substance, ubiquitous in distribution (21, 35). Virchow misnamed the 
substance "amyloid" because he thought that it resembled starch or 
cellulose (65). Amyloid deposits are composed of proteinaceous fibrils 
of great chemical diversity (50). These proteins possess distinct pro
perties, including resistance to solution and to proteolytic digestion, 
a characteristic fibrillar appearance on electron microscopy (34) and 
an antiparellel beta-pleated sheet conformation as indicated by x-ray 
crystallography and infrared spectroscopy (e.g. 18, 40). Amyloid de
position is the first pathologic process to be described with manifest
ations that are dependent on a specific and unique protein conformation 
(36, 50), and Glenner (50) has suggested the term "beta-fibrillosis" 
for this disease complex.

Amyloid can be deposited without clinical consequences or may involve 
virtually any organ system of the body leading to potentially fatal 
changes. Of course, the disease may also fall between these two ex
tremes. The tissue changes are qualitatively indistinguishable in the 
various forms of amyloidosis (49). In each instance, the main effects 
of amyloid seem to be mediated by the compression of adjacent cells and 
tissues (50), and possibly also by vascular involvement interfering 
with blood supply (49). The diverse patterns of distribution of amyloid 
deposits to different organs seem to account for the various clinical 
manifestations of these syndromes. The worldwide incidence and preval
ence of amyloidosis is unknown, but amyloid deposition may come to be 
regarded as a more important cause of human illness than is realized 
today (36, 50). The diagnosis of amyloidosis is established by demon
stration of green birefringence of tissue specimens stained with Congo 
red and examined by polarization microscopy (36, 50). The beta-pleated 
sheet conformation is responsible for this staining reaction (82).
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During recent years, several amyloid proteins have been isolated and 
characterized (36, 50). In primary amyloidosis and amyloidosis associ
ated with myeloma, the amyloid proteins consist of immunoglobulin light 
chains. In secondary amyloidosis and the amyloidosis of familial Medi
terranean fever, a protein unrelated to any known immunoglobulin has 
been found. In some disorders, the amyloid protein is derived from pro
tein hormones and protein hormone precursors secreted by tumor cells. 
The amyloid protein in familial amyloidosis with polyneuropathy type I 
is related to prealbumin (37, 94, unpublished observations).

Classification
The classification of amyloidosis most often used in clinical practice, 
and based mainly on clinical features, was proposed by Reiman et al. 
(83), and later extended by Kyle & Bayrd (65):
1. Primary amyloidosis (no preceeding or coexisting disease)
2. Myeloma-associated amyloidosis
3. Secondary amyloidosis
4. Localized deposits and organ-limited amyloidosis
5. Heredofamilial amyloidosis.

Glenner (50) has suggested the term "immunocyte dyscrasias with amyloi
dosis" for primary and myeloma-associated amyloidosis and "reactive 
systemic amyloidosis" instead of secondary amyloidosis.
Cohen (36) has pointed out that amyloid deposition increases with age. 
Although not apparent clinically, small deposits can often be found in 
the heart, brain, pancreas, spleen, and endocrine organs of elderly 
patients. Thus, a sixth group would be "amyloidosis associated with 
ageing".

Heredofamilial amyloidosis
There are several different systemic and localized amyloid syndromes 
with a genetic or familial background (49, 100), but there is no gene
rally accepted nosology for these heredofamilial syndromes. Some 
authors emphasize the predominant organ involved (e.g. neuropathic, 
néphropathie, or cardiopathie), while others stress the genetic as
pects. Since there are as yet no specific tests that enable one type of 
amyloidosis to be differentiated from another, the recognizable clini-



9

cal patterns probably provide the best basis for classification at pre
sent (cf. 49):
5:1 Neuropathic forms; Familial amyloidosis with polyneuropathy 

Type I (Portugal, Japan, Sweden) (5-8),
Type II (Swiss-Indiana, German-Maryland) (68, 87),
Type III (Iowa) (1),
Type IV (Finland) (70).

5:2 Nephropathie forms;
Familial Mediterranean fever and related disorders (12, 97), 
Muckle-Wells' syndrome (71),
Amyloid nephropathy of Ostertag (79).

5:3 Cardiopathie forms;
Progressive heart failure (Denmark) (44),
Persistent atrial standstill (Mexican-American) (2).

5:4 Localized hereditary amyloid deposits;
E.g. hereditary cerebral hemorrhage (Iceland) (52), medullary car
cinoma of the thyroid in multiple endocrine adenomatos type II, and 
several others (49).

Familial amyloidosis with polyneuropathy (Type I) - Swedish variety 
Since the first report of this syndrome from Portugal in 1952 (7), 
familial amyloidosis with polyneuropathy (FAP) type I has been describ
ed in Japan, England, Germany, the USA, and several other countries (8, 
49).

In Scandinavia, FAP type I has been diagnosed almost exclusively in the 
two northernmost counties of Sweden (6). Since the first case in 1965 
(5) about 150 patients have been recognized. Andersson (6) described 60 
Swedish patients in 1976. Forty-two of these had relatives who also had 
FAP, and 18 cases were classified as sporadic. The male to female ratio 
was 2:1. The age at onset of clinical symptoms varied between 29 and 75 
years (mean 53). The duration of symptomatic illness in 27 patients who 
had died, varied from 4 to 31 years (mean 11). An autosomal dominant 
mode of inheritance has been suggested in this as well as in other 
forms of FAP (6, 49, 100).

The most prominant clinical feature is a sensimotor polyneuropathy 
usually affecting the legs earlier and more severely than the arms.
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Autonomie nervous dysfunction with urinary retention, orthostatic hypo
tension, sexual impotency, and dyshidrosis are common features (6). 
Cardiovascular manifestations including a high frequency of heart 
rhythm disturbances are common (76, 78). There is often gastrointesti
nal involvement with altered bowel habits, malabsorption and malnutri
tion (98). Vitreous opacities with blurring of vision may also develop 
(4).

Histopathologically, amyloid deposits were observed in the peripheral 
nervous system. It also occurred in the perivascular collagenous con
nective tissue, and adjacent to smooth musculature. Amyloid deposits 
were also found to a greater or lesser extent in other organs and tis
sues apart from the central nervous system, which was found to be es
sentially unaffected. Endocrine organs were also essentially unaffec
ted. Furthermore, amyloid was found only in small quantities in the 
spleen and the liver. In the kidneys, the degree of amyloid deposits 
varied. Amyloid deposits were invariably found in the myocardium, the 
heart valves, the aorta and other vessels (6, 58).

Involvement of the heart in systemic amyloidosis
The presence of amyloid desposits in the heart varies in different 
types of systemic amyloidoses; in primary and myeloma-associated amy
loidosis there are cardiac deposits in about 80 to 90 per cent of 
autopsy cases (21, 35). Cardiac involvement in secondary amyloidosis 
has been stated to be less common (23). However, Brandt et al. (21) and 
Cohen (35) reported involvement of the heart in 54 and 60 per cent, 
respectively, in secondary amyloidosis. Most surveys on cardiac in
volvement in systemic amyloidosis either do not state the underlying 
type of amyloidosis, or include different types of amyloid syndromes. 
There is, however, no substantial evidence that the various types of 
systemic amyloidosis differ as regards clinical manifestations when 
they affect the heart (cf. 21, 35). Nevertheless, the organ distribu
tion as well as the amount of amyloid deposited may vary among differ
ent amyloid syndromes (21, 35, 65). Cardiac amyloidosis is most often 
clinically important in primary and myeloma-associated amyloidosis, but 
also in the heritable amyloid syndromes (50). The different biochemical 
composition of various amyloid proteins may be one possible reason for
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this. Cardiac manifestations reflect myocardial involvement, as well as 
involvement of the specialized conduction tissue, the endo- and peri
cardium and the valves (23, 26, 62, 85).

According to the WHO/ISCF Task Force on definition and classification 
of cardiomyopathies (104) cardiac amyloidosis is designated as a "spe
cific heart muscle disease of metabolic origin".

Brigden (23) estimated that amyloid heart disease accounted for some 
5 to 10 per cent of all forms of non-coronary myocardial disorders. 
Cardiac amyloidosis may produce various manifestations from the cardio
vascular system, and has been called "one of the great cardiac masquer
aders" (85). Congestive heart failure is a common presentation of car
diac amyloidosis (e.g. 23, 35, 85). In Roberts & Waller's series (85) 
of 54 necropsy patients (42 with primary amyloidosis, 7 with myeloma- 
associated amyloidosis, and 5 with familial amyloidosis), congestive 
heart failure occurred in 46 (85 per cent). The duration of heart fai
lure before death ranged from 1 to 108 months (mean 18) and the clini
cal course was often progressively downhill. The remaining 8 patients 
(15 per cent) died suddenly and unexpectedly.

Disturbances of rhythm and conduction are present in a large proportion 
of patients with cardiac amyloidosis (e.g. 23, 25, 26, 85), the most 
commonly observed abnormalities being atrial fibrillation, incomplete 
or complete heart block, and fascicular or bundle branch block. Dys
function of the sinus node has also been described (e.g. 16, 51, 61, 
63).

Both supine and orthostatic hypotension occur in patients with all 
types of amyloidosis (65, 85), and amyloidosis is one cause of spontan
eous cure of hypertension (85).

Amyloid heart disease may also clinically and hemodynamically resemble 
constrictive pericarditis or restrictive cardiomyopathy (29, 53, 59, 
69), hence the designations "infiltrative cardiomyopathy" and "stiff 
heart syndrome". Less common manifestations of cardiac amyloidosis are 
valvular dysfunction (41, 47), angina pectoris and myocardial infarc-
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tion (88, 95), cor pulmonale, heart rupture, and pericardial tamponade 
(24, 67).

Senile cardiac amyloidosis
Senile cardiac amyloidosis is an organ-limited amyloidosis. The report
ed prevalence has varied from under 2 per cent to over 80 per cent, and 
in a prospective study of 244 consecutive autopsy cases over the age of 
60 years, 121 had microscopic evidence of cardiac amyloidosis (57). The 
prevalence and severity of cardiac amyloid deposits increase with age, 
but the senile type often produces no macroscopic changes suggesting 
involvement. At least two different forms have been proposed, one af
fecting only the atria, while the other is more widespread within the 
heart and sometimes is also found in other organs (102). The presence 
of small amounts of amyloid does not seem to be of any clinical import
ance, while atrial fibrillation and congestive heart failure are more 
common in patients with evidence of substantial amyloid deposits (57). 
The conduction tissues are notably often spared even in severe senile 
cardiac amyloidosis (84). Although senile cardiac amyloidosis appears 
to be common in elderly patients, it may have little or no clinical 
significance in most of them, and diagnosis is, with few exceptions 
(92), made post mortem.

Involvement of the heart in FAP
In a retrospect!*ve survey of ECGs from patients with the Swedish vari
ety of FAP (73), a high frequency of disturbances of atrioventricular 
and interventricular conduction and also atrial fibrillation were 
found, and several patients were treated with a pacemaker. The findings 
were in line with the results of similar studies on FAP from Portugal 
(45), and Japan (90). Dysfunction of the sinus node in patients with 
the Swedish variety of FAP was recently reported (77), and this is, to 
our knowledge, the only report of the sick sinus syndrome in the here
dofamilial forms of amyloidosis.

A series of patients underwent echocardiography (9) and most of them 
showed échocardiographie abnormalities, such as thickened septum and 
free ventricular walls. Ventricular dimensions were usually within nor
mal limits, and a few patients showed signs of reduced systolic fune-
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tion. With the two-dimensional technique, the myocardium in several 
patients exhibited a strongly reflective appearance.

Cardiac catheterization and angiocardiography were carried out on a 
group of patients with FAP (75). Some showed ventricular pressure 
curves indicating impaired diastolic function, and several had signs of 
right or left ventricular outflow tract obstruction. The ejection frac
tion was normal in all but one patient, and only one had significant 
coronary artery stenosis. No uniform hemodynamic pattern could thus be 
identified. Several patients were believed to be in a comparatively 
early stage of amyloid heart disease, in contrast to most patients in 
previous reports on hemodynamics in cardiac amyloidosis (e.g. 29, 69, 
99).

Diagnostic considerations
Definite ante mortem diagnosis of cardiac involvement in systemic amy
loidosis requires the demonstration of amyloid in a cardiac biopsy (cf. 
54, 92, 99). Amyloid heart disease may be suspected when there are 
symptoms and signs of involvement of the heart in conjunction with sys
temic amyloidosis diagnosed with a biopsy from e.g. the skin or rectal 
mucosa. Electrocardiographic abnormalities, when present, may be help
ful but are non-specific. Apart from disturbances of heart rhythm and 
conduction, low QRS voltage and a myocardial infarction pattern may be 
present (13, 26, 47). Cardiomegaly may or may not be present on a chest 
x-ray. Echocardiography may show thickened heart walls, decreased wall 
motion, and reduced systolic thickening (19, 31, 32, 48). It has been 
stated that a hyperrefractile myocardial appearance is characteristic 
of cardiac amyloidosis (9, 30, 81, 93). The combination of electrocar
diographic low voltage and échocardiographie thickened heart walls is 
rarely seen in other conditions (27). Radionuclide cardiac imaging 
with, above all, technetium-99m-pyrophosphate, has shown abnormal myo
cardial uptake in a substantial proportion of patients with amyloidosis 
(42, 64, 66, 105).
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AIMS OF THE STUDY

The prinicipal aims of the present series of investigations were:

1. To assess the frequency of disturbances of cardiac rhythm and con
duction in patients with FAP, and to evaluate the clinical signifi
cance of such disturbances.

2. To assess the applicability of echocardiography and cardiac scinti
graphy in detecting involvement of the heart in FAP.

3. To examine the possible morphological basis of altered electro- 
physiological and acoustic properties of the heart in FAP.

PATIENTS

Patients with the Swedish variety of familial amyloidosis with poly
neuropathy (FAP type I) were the subject of this study. Thus, they all 
had a characteristic progressive polyneuropathy, affecting the legs 
more severely than the arms, and often also autonomic neuropathy. The 
diagnosis was confirmed in all by verification of amyloid in biopsies 
from the rectal mucosa or the skin, or both. There was no evidence of 
acute, recurrent or chronic infections, chronic inflammatory condi
tions, neoplastic disease, immunocyte dyscrasia, or other conditions 
associated with amyloidosis in any of the patients. Table I identifies 
the individual patient in the seperate studies. In a proportion of the 
patients, no close relatives with typical FAP have yet been identified, 
these are so called "sporadic" cases. However, the characteristic clin
ical features, the occurrence of the condition in a geographically 
localized area, and the absence of other diseases associated with amy
loidosis justify the designation "familial" for all patients.

Study I. Sixteen patients admitted consecutively to the Department of 
Internal Medicine, University Hospital, Umeå, were included in this 
study. Seven patients had symptoms attributable to disturbances of 
heart rhythm or conduction, and three were receiving drugs known to 
affect the cardiac conduction system.
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Table I. Survey of patients included in the studies

Pat
no.

Age*
(yrs)

Sex
M/F

Duration of 
symptomatic 
disease* (yrs)

Pat

I

no. i

II

n study

III IV V VI

I 67 F 5 1 _ _ _ 1 _

II 49 (49) F 16 (16) 2 16 - - 2 -
III 67 F 11 3 - - - - -
IV 54 F 8 4 - - - 3 -
V 68 F 17 5 - - - - -

VI 59 (59) M 6 (6) 6 17 - - 4 -

VII 54 F 5 7 - - - 5 -

Vili 63 (63) F 10 (10) 8 18 - - 6 -

XI 59 M 12 9 - - - - -

X 44 (44) F 7 (7) 10 20 - - 7 -

XI 39 M 2 11 _ _ _ - _

XII 42 M 2 12 - - - 8 -
XIII 48 F 16 13 - - - - -
XIV 69 M 4 14 - - - 9 -
XV 49 (49) F 7 (7) - 12 - - 10 -
XVI 66 (66) M 7 (7) - 19 - - 11 -
XVII 32 M 2 15 - - - 12 -
XVIII 41 (42) F 7 (8) 16 - - - - -
XIX 43 M 11 - - 1 1 - 1
XX 65 F 7 - - 2 2 - 2

XXI 78 (76) M 3 (1) _ 1 3 3 « 3
XXII 79 M 3 - - 4 4 - 4
XXIII 79 M 7 - - 5 5 - 5
XXIV 89 (82) M 15 (8) - 2 6 6 - 6
XXV 75 (71) M 13 (9) - 3 7 - - 7
XXVI 76 (74) M 5 (3) - 4 8 - - 8
XXVII 77 M 5 - - 9 - - 9
XXVIII 63 F 10 - - - - - 10
XXIX (64) F (1) - 5 - - - -

XXX (77) M (4) - 6 - - - -

XXXI (63) M (3) _ 7 _ - _

XXXII (66) M (8) - 8 - - - -

XXXIII (63) M (3) - 9 - - - -

XXXIV (70) M (1) - 10 - - - -

XXXV (53) M (5) - 11 - - - -

XXXVI (77) M (4) - 13 - - - -

XXXVII (69) M (4) - 14 - - - -

XXXVIII (75) M (5) ■ 15 “ -

F = female; M = male
^Parenthesis indicates age/duration of symptomatic disease when pace
maker was implantated.
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Study II. Hospital records of patients with a diagnosis of amyloidosis, 
who had been hospitalized in the counties of Västerbotten and Norrbot
ten since 1965 were reviewed to establish a correct classification, and 
20 FAP patients treated with a pacemaker were included in this study. 
Nine patients were given pacemakers in Umeå University Hospital. The 
remaining 11 received theirs at seven other centres in Sweden.

Studies III, IV and VI. The hearts of ten patients were examined in 
Study VI. Nine of them were also used in Study III and six in Study IV. 
All patients had an established diagnosis of FAP ante mortem, and they 
constitute a consecutive autopsy series of patients with FAP. The cause 
of death was in all cases cachexia with terminal heart failure or pneu
monia.

Study V. Twelve patients with FAP of varying severity and with differ
ing duration of symptoms were included in this study.

METHODS

Clinical assessment
Polyneuropathy was graded as follows (74, 76, 98); + = subjective symp
toms of polyneuropathy but no functional disturbances ("slight"); ++ = 
subjective symptoms of polyneuropathy and minor functional disturb
ances, but the patient is able to undertake all activities of normal 
everyday life ("moderate"); +++ = subjective symptoms of polyneuropathy 
and major functional disturbances, the patient being partially incap
able of undertaking activities of everyday life ("severe"); ++++ = the 
patient is in a wheel-chair or bedridden and incapable of performing 
most activities of everyday life ("very severe").

Routine ECG and 24-hour ECG recording
A 12-lead ECG (aVL, I, -aVR, II, aVF, III, and 6-chest leads) was re
corded using a direct-writing ECG apparatus.

Two ECG chest leads were recorded for 24 hours by a two-channel elec
trocardiographic recorder. The recordings were checked on an oscillo-
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scope, and the channel with the best registration was replayed, digit
ized and stored on a micro-computer disk. Analysis of the stored ECG 
was carried out using a software developed by Nygårds et al. (72). Ab
normalities detected by the automatic analysis were visually checked 
using a graphic terminal. Thus, the computer analysis could be correc
ted and reclassified when necessary. Every patient was asked to de
scribe his/hers activities and symptoms in a diary during the long-term 
ECG recording.

The recommendations of the WHO/ISFC Task Force on definition of terms 
related to cardiac rhythm (103) were followed.

M-mode and two-dimensional echocardiography
Echocardiography was performed with a 90° wide-angle mechanical sector 
scanner with three revolving 3.0 MHz transducers. The heart was scanned 
from the sternal, apical, and subcostal positions (55). All examina
tions were made using a 45 dB logarithmic grey scale curve, which gives 
the best differentiation of low amplitude echoes, and a linear grey 
scale curve was also used to obtain grey shades in a uniform matter re
gardless of the amplitudes of the echo signals (15). Images were re
corded on video tape. M-mode registrations could be obtained from one 
of the transducers in the scanner head, or alternatively, a single beam 
2.25 MHz crystal was used. The M-mode traces were recorded using a 
fibreoptic strip chart recorder. Measurements were made in accordance 
with the standards of the American Society of Echocardiography (89) and 
normal values were obtained from Feigenbaum (43). Highly refractile 
myocardial echoes (HREs) were defined as distinct and very bright 
echoes that could be visualized from different projections and persist
ed at gain settings low enough to completely eliminate the echoes of 
the adjacent endo- and myocardium (15).

In vitro echocardiography
Echocardiographie examination of hearts in vitro was carried out in 
accordance with a technique developed by Bhandari & Nanda (15). The 
fixed heart specimens were suspended in a water bath at +22°C at a 
depth of 4-6 cm, and the transducer was placed at the water surface. 
Multiple échocardiographie views of the hearts could then be obtained,
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some simulating in vivo views. HREs were defined as described above. 
Under échocardiographie control, an ultrasonically visible metallic 
needle was used to recognize and penetrate regions with changed echo 
patterns. The contact between the tip of the needle and the myocardium 
was identified echocardiographically by motion of the normal myocardial 
echoes and by the motion and changing shape of the HREs. Specimens con
taining the myocardium around the tip of the needle were then dissected 
for histopathological analysis.

Technetium-99m-pyrophosphate scintigraphy
350 MBq of the isotope was injected intravenously. Two hours later, at 
least three supine views were obtained, including the anterior, left 
anterior oblique 45° and left lateral 90°. About 600.000 counts were 
collected during three minutes from each view. The scans were register
ed on transparent and polaroid films, and also stored and analysed 
using a computer. Depending on the activity in the myocardium, radio
isotope images were graded from 0 to ++++; 0 = no activity in the 
region of the heart, + = faint activity believed to be in the blood 
pool or chest wall ("equivocal"), ++ = definite activity in the myocar
dium but less intense than in the ribs ("weak"), +++ = activity in the 
myocardium equal in intensity to the ribs but less than the sternum 
("moderate"), ++++ = activity in the myocardium equal to or greater in 
intensity than the sternum ("intense") (cf. 80).

Histological examinations
The sinoatrial node as well as the atrioventricular node, bundle and 
the proximal parts of the bundle branches were removed according to 
Hudson (60). Together with the myocardial samples obtained from the in 
vitro échocardiographie examinations, all specimens were dehydrated, 
embedded in paraffin and sectioned. About 30 sections from the sinus 
node and 400 to 500 sections from the atrioventricular part (AV node, 
bundle and proximal bundle branches) of the conduction system were stu
died in each case. Sections were stained with alkaline Congo red, or 
al ternatingly with hematoxylin-eosin, or according to the van Gieson or 
the van Gieson-elastin method. Sections were interpreted as amyloid 
positive when they showed dichroic biréfringence after staining with 
alkaline Congo red. The degree of amyloid deposition was graded on a 
scale of 0 to +++ (cf. 58).
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RESULTS AND DISCUSSION

Cardiac rhythm and conduction (Study I)
Sinus rhythm was the basic rhythm in 15 patients and atrial fibrilla
tion in one. Four patients had sinus pauses exceeding 2 seconds. Fre
quent atrial premature complexes (more than 30/h) and/or other non-sus- 
tained supraventricular arrhythmias were observed in nine patients. 
Ventricular premature complexes were observed in 12 patients and they 
were frequent (more than 30/h) in four. Two patients had bouts of ven
tricular tachycardia. Six patients had intermittent disturbances of 
atrioventricular (AV) conduction; five patients had first degree AV 
block, in four combined with type I or type II second degree AV block 
or both. An additional patient had alternating type I and type II sec
ond degree AV block. No patient showed complete AV block during this 
study. Intermittent left bundle branch block was seen in one patient.

Pacemakers were implanted in five of the patients during a follow-up 
period of 3 to 14 months after the long-term ECG monitoring. (Four of 
these patients were also included in Study II.) All five had a history 
of dizziness and/or syncope before the ambulatory ECG recording. Three 
developed symptomatic complete AV block, despite the withdrawal of 
negative dromotropic drugs in two cases. Two of these patients showed 
type II second degree AV block and one intermittent left bundle branch 
block during the ambulatory ECG recording. Since Study I finished, an 
additional patient has also proved to have symptomatic complete heart 
block, and she too had type II second degree AV block during the long
term ECG recording. One patient received a pacemaker because of symp
tomatic sinus node dysfunction, this patient had sinus pauses up to 2.9 
seconds several times during the study. A patient with alternating type 
I and type II second degree AV block and congestive heart failure had a 
pacemaker implanted prior to surgery.

The frequency of arrhythmias and disturbances of conduction in the pa
tients studied far exceeded those found in apparently healthy indivi
duals (cf. 10, 17, 33, 56), and the results are consistent with pre
vious reports on systemic amyloidosis with cardiac involvement (e.g. 
16, 23, 25, 26, 51, 61, 63, 65, 85), including FAP (45, 73, 77, 90).
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Most important clinically are the disturbances of sinus node function 
and AV conduction, as these often necessitate treatment with a pace
maker. Sudden cardiac death occurs among patients with cardiac amyloi
dosis (21, 35, 65, 85), and this may also be a manifestation of dis
turbances of rhythm or conduction.

Drugs known to affect cardiac impulse formation or conduction, e.g. 
digitalis, antiarrhythmics, and carbamazepine (cf. 11) may impair the 
function of an already compromised conduction system, and may precipi
tate symptomatic disturbances of conduction. Increased sensitivity to 
digitalis has been documented in cardiac amyloidosis (23, 26, 28, 85, 
86), while the effects of other cardiotrophic drugs are less well- 
known. Hence, close follow-up is adviseable if such drugs are used. 
Further studies in this field are needed.

Episodic faintness, light-headedness or giddiness are common complaints 
in patients seen by general practitioners and internists. Long-term ECG 
monitoring may not be the first measure used to evaluate the etiology 
in most of these patients. The results of the present investigation, 
however, indicate that long-term ECG monitoring should be considered in 
all FAP patients with such symptoms. Long periods of monitoring may be 
needed to make a diagnosis in those with only sporadic symptoms.

Treatment by pacemaker (Study II)
Twenty patients, 15 men and 5 women, with FAP were treated with a pace
maker between 1968 and August 1983. There was complete AV block in 11 
patients; syncope was the predominant symptom in 9 and dizziness in 
conjunction with bradycardia in the other two. One patient had second 
degree AV block and cardiac failure, and was given a pacemaker prior to 
surgery. Five patients had sinus node disease; four had sinus pauses 
long enough to induce syncopal attacks and one experienced dizziness 
with decreased physical capacity. One of these patients also had parox
ysmal atrial tachycardia, and four had concomitant disturbances of AV 
or intraventricular conduction or both. Atrial fibrillation with a slow 
ventricular response was the indication for pacemaker implantation in 
the remaining three patients, all of whom had heart failure and one 
also had syncopal attacks. All patients received transvenous right ven-
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tricular electrodes. There was prompt relief of symptoms referrable to 
a low ventricular rate in all. Twelve patients have died; their age at 
implantation was 63 - 82 years (mean 71), and they survived 1-7 years 
(mean 3.2). The cause of death was in no case found to be associated 
with pacemaker failure. The patient survival time was short compared 
with a general pacemaker population (cf. 46), and in ten cases the pa
tients obviously succumbed to other complications arising from the 
underlying disease than disturbances of cardiac rhythm. There are as 
yet no documented cases of sudden cardiac death in FAP. Qespite this, 
the prognosis of patients with severe symptoms because of advanced AV 
block may well be improved by pacemaker treatment. This would, however, 
require an untreated control group for definite settlement.

Dislocation of the electrode occurred in four patients, of whom one had 
a second dislocation diagnosed since Study II was completed. In this 
latter patient, it was impossible to attach the electrode in the right 
ventricle via the transvenous route, despite attempts with several dif
ferent electrode types, and an epicardi al "screw in" electrode had to 
be used. It is not possible from the present series, to decide whether 
the incidence of dislocation of electrodes is increased in FAP (cf. 
22). Anatomical alterations, secondary to amyloid infiltration with 
fibrosis and/or muscular hypertrophy might be a predisposing factor for 
dislodgement. However, alternative explanations may lie in the use of 
unsuitable electrodes or unsatisfactory operative procedures.

Voltage stimulation thresholds were available for 18 patients; 1.0 V 
(mean) + 0.14 V (SD) (range 0.6 - 1.8 V). However, the types of elec
trodes varied, as well as the experience of the operating surgeons, and 
different or unverified procedures and equipment for testing were used. 
Nevertheless, there were no records on abnormal stimulation thresholds 
at implantations or during follow-up (demanding re-operation) in this 
group of patients.

A large proportion of patients with FAP thus needed treatment with a 
pacemaker because of advanced AV block or dysfunction of the sinus 
node. This is also consistent with the results of Study I. In FAP, car
diac pacing may be needed at any time after the onset of symptoms and



22

at any stage of the disease, perhaps with the exception of an early 
stage with a slight (+) degree of polyneuropathy. This treatment effec
tively relieved symptoms referable to a slow ventricular rate in all 
patients. There is as yet no experience of advanced pacing with main
tenance of atrioventricular synchrony in FAP. It seems reasonable to 
assume that the atrial contribution to ventricular filling could be of 
hemodynamic importance in this disease, especially in cases with thick
ened ventricular walls and reduced ventricular compliance.

Morphological examination of the cardiac conduction system (Studies III 
and IV)
Six hearts were enlarged, of which three exhibited calcification of the 
aortic valves with stenosis in two. Eight cases showed no or minimal 
extramural coronary luminal narrowing, only one case showed moderate 
narrowing. Microscopically, moderate to severe amyloid deposits were 
seen in the myocardium proper of all four chambers of all hearts. Amy
loid deposits were especially abundant in and near the endocardium and 
epicardi urn and seemed more abundant in the atria than in the ventri
cles.

There was marked amyloid infiltration in the sinoatrial node in all the 
hearts examined. The cells of the sinoatrial node were significantly 
reduced in number and often replaced or dislocated by amyloid. In all 
the hearts examined there was a marked amyloid infiltration in all 
parts of the atrioventricular conduction system. The infiltration of 
the AV node and bundle seemed to be slightly less than in the bundle 
branches. Sometimes the amyloid deposits were extensive and almost 
totally replaced the conduction cells with distal loss of fibres. Amy
loid deposits were seen in both sinoatrial and AV nodal arteries, but 
in no case were obstructed lumina observed. In two cases, there was 
fatty infiltration of the sinoatrial node and its approaches. Slight or 
moderate infiltration of the AV node by fat was observed in three cases 
and fibrosis of the right bundle branch in two. Of the six hearts so 
examined, calcific deposits were observed in the proximity of the AV 
bundle in one case with calcific aortic stenosis.

The cause of the cardiac electrophysiological disturbances in amyloido
sis is a matter of controversy. Detailed correlative studies of the
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conduction system in cardiac amyloidosis are few and have produced con
flicting results. James (62), Isokane et al. (61) and Bharati et al. 
(16) favour the hypothesis that the disturbances in cardiac rhythm and 
conduction are directly caused by amyloid deposition. Buja et al. (26) 
think that direct amyloid infiltration may be of certain importance. 
Davies (38) and Ri dol fi et al. (84) consider that direct amyloid infil
tration of the conduction tissue is of minor importance and that fibro
sis with atrophy is the most important factor.

However, the materials previously reported have been heterogeneous and 
dominated by the senile type of cardiac amyloidosis. Studies II and IV 
are the first detailed studies of the conduction system in FAP. Signi
ficant infiltration of the myocardium proper and the conduction system 
has been demonstrated, and it is reasonable to assume that this may 
account for most of the electrocardiographic abnormalities. Correlation 
between the ECG findings and the histopathological observations was im
peded by the fact that amyloid infiltration was so extensive. Thus, 
amyloid deposits could in each case fully explain the electrophysiolog- 
ical disturbances. The lack of conformity between the findings in FAP 
and the results of some of the previous reports may be ascribed to the 
different properties of various amyloid proteins (cf. 36, 50), which 
may have different affinities for conduction tissues. Differences in
technique and extent of examination may also be contributory factors.

The contribution of autonomic neuropathy to the electrocardiographic 
abnormalities cannot, however, be excluded (cf. 20, 101) and amyloid 
was also demonstrated in subepicardial neural tissue in our cases. The 
importance of this finding is not clear and needs further investiga
tion. In no case were drugs or other myocardial disorders found to be 
the cause of ECG disturbances. Normal lesions from ageing were found in 
a few cases, but these seemed insignificant compared to the severity 
and extent of the amyloid infiltration. Disturbances of electrolyte
balance could be a further factor contributing to the arrhythmias in
this syndrome. In Study I, 12 out of the 16 patients had moderate or 
severe gastrointestinal disturbances with altered bowel habits and mal
absorption, but plasma concentrations of potassium, sodium and calcium 
were within normal limits in all. However, the intracellular levels of
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electrolytes have not been studied, and these may be deranged In spite 
of normal serum levels (39).

Myocardial acoustic properties and their morphological correlates 
(Study VI)
In Study VI, in vitro two-dimensional echocardiography showed highly 
retractile myocardial echoes (HREs) in all ten hearts from cases with 
FAP. The HREs were localized, single or multiple, distinct and very 
bright echoes. With a linear grey scale curve the HREs emerged more 
clearly than with a 45 dB logarithmic grey scale curve.

Histologically, the canal caused by the needle could easily be identi
fied in all cases. At the end of this canal a more or less sharply de
marcated nodule containing varying amounts of collagen and amyloid was 
found, and in two thirds amyloid was the predominant component. There 
were no nodules or other major focal abnormalities in the sections ex
cept those indicated by the canal of the needle. The myocardium in gen
eral exhibited diffuse amyloid infiltration (cf. Study III, IV). These 
findings in hearts from cases with FAP are somewhat different from the 
results of Bhandari & Nanda (15) who found that HREs correlated to de
posits of amyloid without fibrosis (or calcification) in two cases 
examined in vitro. They did not state, however, the type of amyloidosis 
they reported on.

In conclusion, amyloid deposits in the heart has been found in all 
autopsy cases of FAP (58, Studies III, IV, VI). The HREs correlated to 
nodules containing amyloid and collagen, and there was no myocardial 
nodule without amyloid. Thus, cardiac involvement with amyloid infil
tration and HREs must be considered as typical features of FAP, and the 
presence of HREs seems to be a reliable sign of cardiac amyloid in FAP.

Non-invasive assessment of involvement of the heart (Study V)
Eight of the 12 patients investigated had increased thickness of the 
interventricular septum, and the thickening was asymmetric in two. Six 
had increased thickness of the left ventricular posterior wall, and the 
right ventricular wall was thickened in another two. Highly retractile 
myocardial echoes (HREs) were observed in all patients. The HREs were
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distinct, single or multiple, and very bright echoes. Their size was 
2-5 mm and their shape was rounded or somewhat irregular. The HREs were 
invariably found in the interventricular septum and often in the free 
ventricular walls and on occasions in the papillary muscles. Seven pa
tients had thickened cardiac valves and six had pericardial effusion, 
although the amount of fluid was small.

Abnormal myocardial uptake of technetium-99m-pyrophosphate was observed 
in four patients, in one patient the uptake was intense (++++), in two 
moderate (+++), and in one weak (++). The remaining eight patients 
either had equivocal (+) or no (0) activity in the region of the heart 
and were considered to have normal scans.

Important échocardiographie findings reported in amyloidosis include 
increased thickness of the interventricular septum and free ventricular 
walls, a hyperrefractile myocardial appearance, thickened cardiac 
valves, and pericardial effusion (9, 14, 15, 19, 30, 31, 32, 48, 81, 
93). Thus, all patients in this series showed échocardiographie changes 
compatible with cardiac amyloidosis. The thickening of the cardiac 
valves in FAP is caused mainly by pure amyloid deposits (unpublished 
observations). All patients suffering from heart failure had abundant 
HREs, thickened heart valves and an interventricular septal thickness 
exceeding 15 mm.

Previous reports on cardiac scintigraphy in amyloidosis (3, 42, 64, 66, 
91, 96, 105) have indicated that, above all, Tc-99m-PYP scintigraphy is 
a sensitive indicator of cardiac amyloidosis, especially in patients 
suffering from heart failure. In the series of Falk et al. (42) all pa
tients with heart failure had abnormal scans and three additional pa
tients also showed abnormal myocardial uptake in the absence of heart 
failure. The patients reported on had myeloma-associated amyloidosis, 
which is known to affect the heart in about 80-90 per cent of cases 
(21, 35). Wiesenberg et al. (105) reported that all ten patients in a 
series showed intense myocardial uptake and all had moderate to severe 
ventricular hypertrophy while seven also had heart failure. Unfortun
ately, these authors did not state the type of amyloidosis examined. 
These results together with a number of case reports (e.g. 3, 64, 91,
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96) diverge somewhat from our results. Only four of our patients had 
positive scans and moderate or intense myocardial uptake was found in 
three patients with heart failure. The reason for this difference is 
unknown, but there are at least three possible explanations; although 
all FAP autopsy cases have shown abundant amyloid in the heart, the 
amount of amyloid of the examined patients may well be less or have a 
different distribution than in some other forms of amyloidosis. Second
ly, several of our patients may have been examined at an earlier stage 
with less advanced involvement of the heart. Thirdly, different amyloid 
proteins may well have different properties regarding uptake of Tc-99m- 
PYP.

Our results, together with those of previous clinical échocardiographie 
studies in amyloidosis, including the results of Bhandari & Nanda (15) 
can be used in two ways. First, in patients with biopsy-proven amyloi
dosis, echocardiography can be used to establish the degree of cardiac 
involvement. Also very minute changes, i.e. a small number of HREs 
without any other obvious abnormalities, may indicate early cardiac in
volvement. Secondly, echocardiography may contribute considerably to 
the diagnosis of cardiac amyloidosis in a patient with a cardiac dys
function of uncertain origin. However, in this situation more advanced 
changes are necessary to avoid incorrect diagnosis. HREs affecting more 
than one wall of the heart in an adult patient are highly indicative of 
cardiac amyloidosis (cf. 9, 15, 30, 81, 93, Study V, Study VI). In con
junction with HREs, thickened heart valves and/or thickened ventricular 
walls are additional indications of the presence of amyloid heart dis
ease, and definite confirmation through biopsy (of cardiac or non-car
diac origin) should be considered.

In conclusion, two-dimensional échocardiographie findings seem to be a 
sensitive indicator of cardiac involvement in FAP, while the outcome of 
scintigraphy is more unpredictable and a normal scan does not exclude 
severe échocardiographie changes or decreased myocardial function.



27

GENERAL SUMMARY AND CONCLUSIONS

1. Disturbances of sinus node function and atrioventricular conduction 
are common in FAP, and long-term ECG monitoring is a valuable method 
for detecting otherwise unrecognized intermittent disturbances of 
the heart rhythm in this condition.

2. A large proportion of patients with FAP need cardiac pacing because 
of symptomatic dysfunction of the sinus node or disturbances of the 
atrioventricular conduction. Treatment by pacemaker offers effective 
symptomatic relief, although the long-term prognosis may not be af
fected by this treatment.

3. Histopathologically, a marked amyloid infiltration in the sinus node 
as well as in the atrioventricular conduction system is present, and 
this may be the major cause of electrophysiological disturbances.

4. Two-dimensional échocardiographie imaging makes it possible to de
tect discrete changes indicating early cardiac involvement in FAP. 
Technetium-99m-pyrophosphate scintigraphy is not a sensitive method 
for establishing involvement of the heart in this disease.

5. In FAP, the morphological substratum for the highly retractile myo
cardial echoes (HREs) observed by two-dimensional echocardiography 
is nodules containing collagen and amyloid in varying proportions. 
Thus, the presence of HREs seem to reflect amyloid deposition in the 
heart.
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