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STELLING EN 

I 

Nierfunktievervangende behandeling verbetert de prognose van patienten met 

nierinsufficientie 

amyloidose is geen 

rekening gehouden 

ten gevolge van renale amyloidose, Gegeneraliseerde AA 

contra-indikatie tot niertransplantatie; wel moet 

warden met de mogelijkheid van amyloidafzetting in de 

getransplanteerde nier, 

II 

Bij een levensbedreigende digitalis intoxicatie moet het toedienen van 

gezuiverde digoxine-specifieke Fab fragmenten overwogen warden. Zo dit 

overwogen wordt, dan dient de dosis van het antidotum mede bepaald te 

warden aan de hand van de serumconcentratie van het antigeen. 

III 

Het profylactisch toedienen van corticostero1den of antibiotica na aspira

tie van organische oplosmiddelen is niet zinvol. 

IV 

Dimethylsulfoxide (DMSO) kan een gunstig effekt hebben op het beloop van 

een intoxicatie met paraquat. 

V 

De term "benigne monoklonale gammopathie" is misleidend en kan vervangen 

te warden door "monoklonale gammopathie van onbepaalde betekenis". 

VI 

In geval van een plotselinge, onbegrepen achteruitgang in de mentale of 

fysieke konditie van een bejaarde moet aan het bestaan van een galsteen

lijden gedacht warden. 

VII 

Het uitzicht vanuit een ziekenhuiskamer heeft invloed op het postoperatief 

herstel. 

Science 1984; 224: 420-421 



VIII 

De aanwezigheid van bleed in de ontlasting van een patient, die een zgn. 

niet-stero1d anti-inflammatoir geneesmiddel gebruikt, berust doorgaans 

op een laesie die niet het gevolg is van het middel zelf. 

IX 

De vooronderstelling, dat een "alternatieve" geneeswijze geen bijwerkingen 

heeft, is onjuist. 

X 

In de discussie over het vergoeden van de kosten verbonden aan een or

gaantransplantatie wordt te weinig rekening gehouden met de kosten die 

gedragen moeten warden, indien de transplantatie niet wordt uitgevoerd. 

XI 

De spectaculaire verbetering van de kwaliteit van het oppervlaktewater 

gedurende het laatste decennium heeft de kans op vissterfte.vergroot. 

XII 

Het spreekwoord "an apple a day keeps the doctor away" is een uiting van 

concurrentievervalsing. 

XIII 

Het gegeven, dat de DNA-code alleen vertaald kan warden door vertalings

produkten, is de moderne uitdrukking van de kwestie van de kip en het ei. 

XIV 

De kleur van de nieuwbouw van het Academisch Ziekenhuis Groningen zegt 

meer over de mentaliteit van de ontwerpers dan over de wijze, waarop er 

patientenzorg wordt bedreven. 

Stellingen 
behorende bij het proefschrift van 

Sven Janssen. 
Clinical and diagnostic features of amyloidosis. 

11 december 1985. 
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VOORWOORD 

Bij de voltooiing van dit proefschrift wil ik graag allen, die aan de tot 

stand koming ervan hebben bijgedragen, mijn erkentenis betuigen. 

Prof. Dr. E. Mandema, Prof. Dr. J. A. J. Trip en Prof. Drs. J. H. Scholten 

(tot mei 1984 Chef de Clinique) dank ik voor mijn opleiding tot internist. 

Professor Mandema, het onderwerp van dit onderzoek is een direkt uitvloei

sel van Uw grote belangstelling voor amyloidose. Dit proefschrift is een 

vrucht van de boom die op 24 september 1967 werd geplant. De jaartelling 

van het amyloidonderzoek, zoals dit tegenwoordig in Nederland en in het 

buitenland wordt verricht, begint in het jaar van het door U, Scholten en 

Ruinen georganiseerde, eerste Internationale Symposium over Amyloidose. 

Het heeft mij wel eens benauwd, als ik bedacht hoeveel eer er gelegen is 

in het feit, dat ik een telg ben van het "Groningse amyloidgeslacht". Ik 

hoop dat U, ondanks mijn gebrekkig vermogen om appels van peren te on

derscheiden, toch voldoening zult hebben van dit proefschrift. Wellicht 

hebben Limburgers geen kaas gegeten van appels en peren. 

Dr. Martin van Rijswijk initieerde het onderzoek. Het valt mij moeilijk 

onder woorden te brengen wat onze samenwerking vdor mij betekent. Ik 

vertrouw erop dat jij het zonder nadere toelichting ook ze weet. 

De hulp van Dr. Sijtze Meijer strekte zich uit ver buiten het kader van 

deze dissertatie. Je integere begeleiding was een baken, waarop ik altijd 

kon varen. Niet alleen was jij onvermoeibaar wanneer het ging om het 

aandragen van suggesties, verbeteringen en alternatieven, maar veer alles 

leerde ik van jou, dat het schrijven van een proefschrift niet altijd een 

kwestie van "afzien" is, maar ook een bron van vreugde in zich bergt. 

Drs. Luuk Ruinen, wiens kennis van het amyloidonderzoek een bron van 

inspiratie is voor allen die zich op dit gebied bewegen, heeft met grote 

nauwgezetheid en volharding de tot stand koming van dit proefschrift 

begeleid. Jij verschafte mij niet alleen een onderkomen op je kamer, maar 

stond ook toe dat ik hier vaak misbruik van maakte door de opslag van 

gegevens op een manier, die indruist tegen jouw gevoel voor orde. 



Prof. Dr. J.D. Elema dank ik voor de faciliteiten die hij heeft geboden 

voor de ontwikkeling van de immunoperoxidase methode. Ik denk met genoegen 

terug aan de uren die wij, gebogen over de mikroskoop, doorbrachten. 

Dr. Bert Piers liet mij van zijn kennis van de nucleaire geneeskunde 

proeven. De vanzelfsprekenheid, waarmee het onderzoek naar de waarde van 

scintigrafie bij amyloidose door het Isotopenlaboratorium werd uitgevoerd, 

heeft een diepe indruk op mij gemaakt. 

Dr. Hans Hamer dank ik voor de gastvrijheid die ik heb genoten op de 

afdeling Echocardiografie. Zender je niet aflatend enthousiasme was hoofd

stuk 7 niet tot stand gekomen. Ik hoop dat het geschreven woord enigszins 

recht doet aan de virtuositeit, waarmee het hart (of beter: de echografi

sche weergave ervan) door jou zichtbaar wordt gemaakt. 

Prof. Drs. J.H. Scholten stand samen met Mandema en Ruinen aan de wieg van 

het Groningse amyloidonderzoek. U heeft een dusdanige schat aan gegevens 

over patienten met amyloidose verzameld, dat hoofdstuk 2 als toevoeging 

moet hebben "pronken met andermans veren". 

Dr. Jan Marrink dank ik voor het ter beschikking stellen en het bewerken 

van de immunochemische gegevens. Mede dankzij jouw inspanningen zal de 

diagnose "idiopathische AL amyloidose" tot het verleden behoren. 

Mevr. Ali Drent-Bremer verrichtte het nierfunktieonderzoek, Mevr. Dicky 

van den Top voerde de immunoperoxidase methode uit, de Heer J. Brouwer 

verzorgde het tekenwerk. Allen dank voor hun bijdrage. 

Verder dank ik mijn kollega-assistenten ervoor, dat zij mij in het begin 

van dit jaar tijdelijk vrijgespeeld hebben om een aanvang te kunnen maken 

met het schrijven van dit proefschrift. 

Rolien verdroeg zowel mijn afwezigheid als aanwezigheid in de periode dat 

het proefschrift werd geschreven. 



CHAPTER 1 

GENERAL INTRODUCTION 





Chapter 1: General introduction: 

1 . 1  Definition: 

The generic name amyloidosis is applied to a family of diseases which have 

as their common denominator the extracellular deposition of a fibrillar 

protein with a �-pleated sheet conformation. This structure of the fibrils 

is responsible for the characteristic properties of the amyloid protein: 

I. binding affinity for Congo red and the consequent green birefringence 

with polarized light; 2. relative resistance to solution in physiologic 

solvents and ). relative resistance to enzymatic degradation. 

1 . 2  History: 

There is no doubt that amyloidosis has existed for centuries. Until re

cently, however, it remained a disease of unknown nature (see Table 1). 

Individual descriptions of organs with what now appears to have been 

amyloidotic infiltration were reported in the 17th and 18th century by 

Glisson, Bonetius, Malpighi and Bianchi (1-5). 

In 1813 Portal discovered a substance which he described as lardaceous: 

J'ai trouve le foie excessivement volumineux reduit en une substance 

pareille a du lard, soit pour sa couleur, soit pour sa consistence, dans 

une vieille femme qui avait diverses exostoses et des ulcerations aux 

parties 

entity 

tigated 

genitales" (6). The disease was not classified as a separate 

until the famous Viennese pathologist Rokitansky (1842) inves

in detail the lardaceous livers and enlarged spleens in patients 

who had died of infectious diseases. He observed that enlargement of the 

spleen was caused by the presence of grayish-whitish granules of wheat

grain size (7).  Undoubtedly Rokitansky observed the same structures which 

were compared by Christensen (1844) to boiled sago: "Dr. Christensen 

omtalte, at han ved Obduction oftere havde fundet en s�regen, pathologisk 

Degeneration af Milten, som findes i Forbindelse med de Degenerationer af 

Nyrerne, som charakterisere den Bright'ske Sygdom. Milten var nemlig 

haard, spr6d og kornet i Bruddet; dens Parenchym lignede, saavel i 

Consistens som i Farve styrknet Sago-suppe" (8) . 

-3-



Table 1: Summary of the highlights in the history of amyloid 
research. 

1597-1677 Glisson 
1620-1689 Bonetius 
1628-1694 Malpighi 
1681-1761 Bianchi 

1813 Portal 
1842 Rokitansky 
1844 Christensen 
1854 Virchow 
1859 Friedreich, 

Kekule 
1928 Waldenstrom 
1959 Cohen, 

Calkins 
1968 Pras 
1968 Glenner, 

Eanes 
1970 Glenner 
1971 Benditt 
1973 Levin 
1985? Glenner? 

Early description 
Early description 
Early description 
Early description 
Substance pareille a du lard 
Lardaceous liver/Speck-Leber 
Sago spleen 
Starch-like staining with iodine 

Arnyloid is protein in nature 
Diagnosis by direct biopsy 

Amyloid is a fibrillar protein 
Isolation of amyloid fibrils 

a-pleated sheet conformation 
Amino acid sequence of AL protein 
Amino acid sequence of AA protein 
Serum amyloid A precursor protein 
Serum amyloid precursor protein in 
Alzheimer's disease? 

Virchow's interest in the condition seems to have developed during his 

search for substances in animal tissues which resembled cellulose or 

starc)l. Virchow (1854) believed the "waxy, eosinophilic" tissue deposits 

to be of polysaccharide composition and consequently called them amyloid 

(starch-like or cellulose-like) since they reacted with iodine in a manner 

similar to starch (9-13). It was Virchow's opinion that the breakdown of 

tissues by infectious processes was an important factor in the pathogene

sis of amyloidosis. Despite the fact that at present virtually nothing of 

Virchow's amyloid theory remains, the promotion of the amyloid problem 

must be put to his credit. 

In 1859 Friedreich and Kekule concluded that the amyloid substance was 

neither cellulose nor starch but of a protein nature (14). In spite of 

that they felt that the name amyloid should not be changed. The term 

amyloidosis had been so hallowed by use that -although obviously inappro

priate- this designation for the disease complex appears irrevocable. 

Arnyloid infiltration in various organs continued to be recognized solely 

at the autopsy table until in the 1920th, when direct biopsy of tissue 

during life was carried out by Waldenstrom (15). Diagnosis of amyloidosis 
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still requires histological identification of amyloid material in biopsy 

specimens. 

In 1959, 100 years after it had been proven that amyloid was in fact 

protein in nature, it became apparent by electron microscopic studies that 

amyloid deposits were composed of rigid, fine, nonbranching fibrils having 

a width of approximately 100 A (16, 17). Using X-ray diffraction and 

infrared spectroscopy Glenner and Eanes demonstrated that the amyloid 

fibrils are composed of polypeptide chains arranged perpendicularly to the 

axis of the fibril, with the conformation of a meridional or "cross-13" 

pleated sheet (18, 19). The characteristic tinctorial, optical and physio

logic properties of the amyloid protein are related to this secondary 

molecular structure. Amyloid is detected histochemically by the green 

birefringence visible in polarized light after staining with Congo red, 

which phenomenon was first observed by Divry in 1927 (20). Other staining 

techniques that employ thioflavin S and T and methyl violet lack the 

required specificity to be conclusive. The positive sign of Congo red 

induced birefringence implies that the dye molecules are regularly orien

ted with their long axis parallel to the fibril (21) (see Figure 1). 

Figure 1: Binding of Congo red dye 
molecules (stippled blocks) paral
lel to the axial fold of twisted, 
a-pleated sheet-like, amyloid fil
aments. 

A breakthrough in the field of amyloid research came from Pras, who suc

ceeded in isolating fibrils by extraction with distilled water (22). Once 

it was possible to obtain homogeneous fibril concentrates, the amyloid 

protein became accessible for chemical analysis. The first amyloid pro

teins to be sequenced were obtained from patients with "primary" amyloi

dosis. These proteins were demonstrated to have amino acid compositions 

consistent with the variable region of immunoglobulin light chains and 
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were designated AL (Amyloid protein Light chain derived) (23). In patients 

with amyloidosis associated with overt or covert immunocyte dyscrasia the 

amyloid proteins were shown to have amino acid sequence homology and 

immunochemical crossreactivity with the concomitant monoclonal component 

(24). At the same time Benditt and others showed that amyloid fibril 

preparations from patients with amyloidosis "secondary" to inflammatory 

diseases contained a polypeptide which was not related to immunoglobulins 

(25). This protein was designated AA (Amyloid protein A). Unlike the AL 

proteins, AA proteins from different patients appeared to have an almost 

identical N-terminal amino acid sequence. The presence in human serum of 

an acute phase protein immunochemically related to the AA protein (SAA= 

Serum Amyloid A protein) was first reported by Levin in 1 973 (26). It is 

generally assumed that SAA is degraded to protein AA in patients with 

amyloidosis secondary to inflammatory diseases (27, 28). 

A substance with a pentagonal structure (amyloid P-component) was first 

described by Bladen and Glenner (29, 30) and appeared to be a minor (107.) 

but constant constituent of all amyloid deposits. This protein AP is 

identical with an a1 -glycoprotein present in all human sera and binds to 

amyloid fibrils in a strictly calcium-dependent way (31, 32). The patho

genic relation between AP and amyloid deposition is uncertain. 

At this moment the amino acid sequence and/or the immunochemical origin of 

the different amyloid fibril proteins is elucidated in most forms of 

acquired, heredofamilial and localized amyloidosis (27, 33). 

1.3 Classification: 

Many classifications of amyloidosis have been proposed and abandoned (27, 

34, 35). The most prominent classification schemes will be discussed here 

because of their close relation with the progress in the field of amyloid 

research. 

Virchow (1859) already recognized the widespread involvement of amyloid in 

tissues such as liver, spleen, kidneys, gastrointestinal tract and blood 

vessels throughout the body (13). Subsequently others have tended to 

classify amyloidosis in more descriptive terms depending in part on its 

anatomical distribution, considering each type of amyloidosis to exhibit a 

distinct organ distribution. The value of these systems of classification 
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is limited by the capricious distribution of amyloid and by the overlap in 

distribution between the different amyloid syndromes. 

Early investigators already observed the association of amyloidosis 

( "Zweite Krankheit") with chronic diseases like tuberculosis, syphilis, 

osteomyelitis and rickets (7, 36-39). Adams (1872) was the first to report 

amyloidosis in patients with multiple myeloma (40), and Soyka (41) de

scribed the first case of amyloidosis in the absence of any predisposing 

disease. Reimann, Koucky and Eklund (1935) recognized the apparent dif

ferences in clinical presentation of the amyloid syndromes and proposed a 

clinicopathological classification, which gained great popularity (42): 

!.The primary form with the characteristics described by Lubarsch (43): 

a) absence of coexisting disease, b) involvement of mesodermal tissue, 

cardiovascular system, gastro-intestinal tract, smooth and striated muscle 

and lymph nodes, c) variation in staining reactions and d) tendency to 

nodular deposition. 

2.The secondary form following chronic disease and characterized by large 

deposits, especially in the spleen, the liver, the kidney and the adre

nals, and by typical staining reaction. 

3.Tumor-forming amyloidosis is characterized by the presence of small 

solitary or multiple tumors, especially in the respiratory tract. 

4.Amyloidosis occurring with multiple myeloma. 

King (1948) felt that since the cause of amyloidosis was not known and 

because there was no constancy in the clinical picture, a classification 

by etiology and clinical pattern should be avoided. He proposed a clas

sification based on the anatomic distribution of amyloid deposits (44): 

!. "Typical" amyloidosis (involving the kidneys, liver and spleen) either 

associated with another disease of any type including multiple myeloma or 

not associated with any other disease. 

2. "Atypical" amyloidosis, occurring in single or multiple foci, again 

either associated with other disease or not. 

The simplest classification came from Symmers in 1956, who recognized the 

overlap that occurred in the scheme of King (45): 

!. Generalized amyloidosis associated with a recognized predisposing ill

ness (diffuse secondary amyloidosis). 

-7-



2.Generalized amyloidosis in the absence of any recognized predisposing 

disease (diffuse primary amyloidosis). 

). Localized amyloidosis. 

Missmahl (1946) performed extensive polarization microscopical investiga

tions on the birefringence of amyloid and its interaction with Congo red 

(46). His work culminated in a classification scheme for amyloidosis 

depending on amyloid deposition either along reticulin fibres (perireti

culin amyloidosis) or along collagen fibres (pericollagen amyloidosis) 

(47). He expressed the opinion that the two forms of amyloid deposits 

never occurred together except in systemic lupus erythematodes. This type 

of anatomical classification, however, appeared to have marked limitations 

and could not be reconciled with electron microscopic studies. 

Table 2: Clinical classification of amyloid syndromes. 

"Typical" distribution 
nephropathy 

Associated Systemic amyloidosis 
associated with chronic 
inflammatory diseases 
(protein AA) 

Idiopathic Idiopathic systemic 
amyloidosis with 
"typical" distribution 
(protein AA) 

Familial Familial systemic 
amyloidosis associated 
with FMF 
(protein AA) 

"Atypical" distribution 
nephropathy 
cardiomyopathy 
glossopathy 
neuropathy 

Systemic amyloidosis 
associated with 
monoclonal gammopathy 
(protein AL) 

Idiopathic systemic 
amyloidosis with 
"atypical" distribution 
(protein AL) 

Familial amyloidotic 
polyneuropathy 
(protein TTR) 

Localized Amyloid tumors (protein AL) 
Cutaneous amyloid 

In the 1970th it became possible to determine the chemical composition of 

the amyloid proteins in the different syndromes. Consequently the nomen

clature committee of the third International Symposium on Amyloidosis 

expressed the hope that "ultimately the chemical terminology may serve as 
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the basis for a rational clinico-pathologic classification, in which the 

disease is described by the nature of the fibril protein once it has been 

definitively identified. It is further categorized by one of three pos

sible designations: familial, associated with an underlying disease, or 

idiopathic" (48). 

Despite the characterization of different amyloid fibril proteins, a 

classification which is related to the clinically recognized pattern of 

organ dysfunction remains useful for clinicians. Associated, idiopathic as 

well as familial forms of amyloidosis can be divided in amyloidosis with 

"typical" and amyloidosis with "atypical" distribution of organ function 

loss. "Typical" distribution refers to a clinical picture which is domi

nated by renal involvement, whereas "atypical" distribution refers to a 

more divers clinical picture involving the kidneys, the heart, the tongue, 

the nervous system in different combinations (28). Such a classification, 

which is currently used in our hospital (Table 2) shows a good correlation 

with the different amyloid fibril proteins involved (see chapter 2). 

1. 4 The amyloid disease complex: 

A complete listing of the clinicopathologic entities appears in Table 3. 

The classification is made according to the nature of the amyloid protein, 

the distribution of the amyloid deposits (systemic or localized) and the 

mode of inheritance. The major amyloid syndromes will be discussed brief

ly. 

Table 3: Summary of the different amyloid syndromes. 

AMYLOID SYNDROME AM 
PROT 

PREC 
PROT 

Ref 

-------=====:-------------==------------==---------=----------====--------

I. Systemic non-hereditary amyloidosis 
A) Associated with immunocyte dyscrasia 
B) Associated with chronic diseases 

l. chronic inflammatory conditions 
2. malignancies 

C) Idiopathic 
II. Systemic hereditary amyloidosis 
A) Neuropathic forms 

l. amyloid neuropathy type I 
2.amyloid neuropathy type II 
3. amyloid neuropathy type III 
4.amyloid neuropathy type IV 

-9-

+/AL 

+/AA 
+/AA 
+/AA/AL 

+/AFp 
+/AFi 

L 27-62 

SAA 49-60 
SAA 61 
L/SAA 27-28 

TTR 65-73 
TTR 74-76 

77 
78 



B) Non-neuropathic forms 
l.amyloid nephropathy of Ostertag 
2.amyloidosis of FMF 
3.amyloid nephropathy with 

deafness and urticaria 
4.amyloid cardiomyopathy-Denmark 
5.amyloid cardiomyopathy with 

persistent atrial standstill 

III. Localized hereditary amyloidosis 
A) Hereditary cerebral hemorrhage-Iceland 
B) Lattice dystrophy of the cornea 
C) Hereditary corneal amyloid deposits 
D) Papular cutaneous amyloid deposits 
E) Poikilodermal cutaneous amyloid 
F) Bullous cutaneous amyloid 
G) Medullary carcinoma of the thyroid 

in MEA 2 with amyloid deposits 

IV. Localized non-hereditary amyloidosis 
A) Tumors of bronchial tree/urinary tract 
B) Senile cardiac amyloid 
C) Idiopathic atrial amyloid 
D) Cutaneous amyloid (lichenoid,macular) 
E) Endocrine organ or tissue related 

l.medullary carcinoma of the thyroid 
2. insulinoma 
3.tumors of intestine and pancreas 

F) Specific solid tumors with amyloid 
G) Alzheimer's disease 
H) Articular amyloid in hemodialysis 

82 
+/AA SAA 87-97 

83 

+/? TTR 84-85 
86 

+/? g-trace 98-102 
81 
103 
1 04 
105 
106 

+/AEt calc 107 

+/AL L 108-109 
+/AScl TTR 110 

111 
112 

+/AEt calc 113  
+/AE insul 114 
+/AE hormone 114 

115 
+/? 116-121 

122 

AM PROT= amyloid protein, PREC PROT= precursor protein, L= light chains, 
SAA= serum amyloid protein A, TTR= transthyretin, g-trace= gamma-trace, 
calc/insul= calcitonin/insulin 
+ =derivation based on immunologic or amino acid sequence data 
- =not yet characterized 
? =chemical derivation established; still to be designated 

1. 4.1 Systemic non-hereditary amyloidosis: 

The most frequently encountered amyloid syndromes are those associated 

with plasma cell dyscrasia or chronic disease. In amyloidosis associated 

with chronic diseases renal involvement dominates the clinical picture 

(49). The incidence of amyloidosis associated with infections has markedly 

decreased since the introduction of intensive antibiotic therapy (50). At 

the moment rheumatoid arthritis is the most frequent predisposing disease 

(51). The estimated prevalence of amyloidosis in rheumatoid arthritis is 

5-117. (52, 53). Amino acid sequence analysis as well as molecular weight 
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determinations revealed that in patients with amyloidosis associated with 

chronic diseases the amyloid fibril protein AA has a molecular weight of 

approximately 9000 dalton (54-57).  There seem to be two requirements for 

the formation of AA protein: a) persistent elevation of the level of the 

acute phase serum precursor protein SAA (58, 59), and b) the inability to 

degrade SAA completely (60). 

In amyloidosis associated with monoclonal gammopathy the major protein 

component AL consists of amino terminal fragments of light polypeptide 

chains of immunoglobulin origin (54); as mentioned earlier the clinical 

picture may comprise cardiac failure, renal function loss, macroglossia, 

peripheral and autonomic neuropathy and gastrointestinal disturbances 

(62). 

Wright et al. and van Rijswijk et al. studied a histochemical method to 

differentiate AA amyloid from other forms of amyloidosis (63, 64). After 

pretreatment with potassium permanganate the amyloid deposits in 

amyloidosis secondary to inflammatory conditions appear to loose their 

affinity for Congo red, whereas the amyloid deposits in other conditions 

are resistant to pretreatment with potassium permanganate. 

1 . 4. 2  Systemic neuropathic hereditary amyloidosis: 

Familial amyloidotic polyneuropathy (FAP): 

Type I (Portuguese, Andrade): 

In 1952 Andrade described a peculiar form of peripheral neuropathy, which 

is endemic in the P6voa de Varzim region in Portugal and is characterized 

by impairment of pain and temperature sensation of the lower limbs, auto

nomic dysfunction and paresis of extremities (65). The disease is inher

ited in an autosomal dominant mode and is caused by amyloid deposition in 

sensory, motor and autonomic nerves. 

The amyloid deposits have been shown to be chemically related to trans

thyretin (TTR), a plasma protein until recently referred to as prealbumin 

(66, 67). A molecular variant of TTR resulting from substitution of valine 

for methionine at position 30 has been identified as the major component 

of the amyloid fibril protein; this TTR variant can be detected in the 

circulating plasma of FAP patients (67). 
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Outside Portugal this type I FAP has been reported from Japan (68-70), 

Sweden (71),  Britain (72) and the Netherlands (73). 

Type II (Indiana, Rukavina): 

FAP type II, recognized by Rukavina (1956) as a distinct entity (74, 75), 

is also transmitted in an autosomal dominant fashion; the early onset of 

carpal tunnel syndrome is followed several years later by polyneuropathy, 

especially of the upper extremities, vitreous opacities and progressive 

cardiac failure. The amyloid fibril protein in this type of amyloid showed 

at automated amino acid sequencing a sequence identical to normal TTR 

starting at position 14  and a blocked N-terminus (76). 

Type III (Iowa, Van Allen): 

Van Allen (1969) has described an Iowa kindred with an autosomal dominant 

amyloid syndrome consisting of neuropathy, nephropathy and peptic ulcera

tion (77). The origin of the amyloid fibril protein in this syndrome has 

not yet been identified. 

Type IV (Finland, Meretoja): 

Lattice corneal dystrophy, cranial neuropathy and cutis laxa are the 

features of the autosomal dominant inherited type IV neuropathy (78). 

Lattice dystrophy of the cornea may also occur as a localized form of 

amyloidosis (79-81); the association with organ involvement other than the 

cornea was described by Meretoja (1968) in 207 subjects of 56 families 

from the south of Finland (78). The amyloid fibril protein has not yet 

been identified. 

1.4. 3 Systemic non-neuropathic hereditary amyloidosis: 

Apart from amyloidosis associated with familial Mediterranean fever, the 

systemic non-neuropathic familial amyloidoses represent very rare syn

dromes (82-86) and will not be discussed further. 

Familial Mediterranean fever (FMF) is an autosomal recessive inherited 

disorder of unknown cause and is characterized by recurrent periods of 
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fever, pleuritis, peritonitis and synovitis. Other manifestations may be 

erythematous skin lesions, meningitis and pericarditis. The syndrome was 

not recognized as a distinct entity until the report of Siegal (1945), who 

used the term benign paroxysmal peritonitis (87, 88). FMF occurs predomi

nantly in non-Ashkenazic (Sephardic) Jews, Armenians and Arabs. 

The most serious complications in FMF are addiction to narcotics and 

amyloidosis. The relationship between FMF and amyloidosis is complex. Both 

genetic and environmental factors seem to be influential (89, 90). There 

is a striking difference in the reported incidence of amyloidosis in FMF 

ranging from 0-407. (91-94). The amyloid fibril protein in FMF amyloid is 

the AA protein, indicating a relationship with SAA levels, which, indeed, 

have been shown to be elevated according to the activity of the disease 

(57, 95). Continued administration of colchicine has been proven to be 

effective in reducing the frequency and the severity of FMF attacks and in 

preventing the development of amyloid nephropathy (96, 97).  

1. 4. 4 Localized hereditary and non-hereditary amyloid deposits: 

The syndromes of familial and non-familial localized amyloidosis are 

listed in Table 3 (98-121).  Recently a breakthrough has occurred in the 

research on the pathogenesis of two cerebral amyloid syndromes. 

Hereditary cerebral hemorrhage with amyloidosis occurring in the Icelandic 

population is of particular interest because it is the first human dis

ease, known to be caused by the deposition of the alkaline microprotein 

gamma-trace. 

The familial occurrence of cerebral hemorrhage was reported in 1935 by 

Arnason (98). It was not until 1972 that the connection with vascular 

amyloid deposition was made (99). The amyloid fibril protein has been 

shown to consist of fragments of gamma-trace, which protein is a con

stituent of neuroendocrine cells (100-101).  Amyloid formation is probably 

due to catabolic generation from abnormal gamma-trace molecules (102). 

The association of Alzheimer's disease (presenile dementia) with amyloid 

may be of primary clinicopathological importance. Presenile dementia is a 

major cause of morbidity and mortality both in Europe and in the United 

States, affecting 1. 5-2 million Americans and 507. of nursing home popula

tions at an annual cost of over 20 milliard dollars (116).  Most cases of 

Alzheimer's disease are sporadic, but 10-157. are familial, exhibiting an 
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autosomal dominant mode of inheritance with an age-related penetrance of 

407. at an age of 90 years (116). 

The diagnostic lesions of Alzheimer's disease consist of amyloid fibrils 

in neuritic plaques, cerebrovascular amyloidosis and neurofibrillary 

tangles, which lesions are also found in adult Down's syndrome (117). The 

pathogenesis of the disease is unknown and sofar no diagnostic tests are 

available. It seems unlikely that Alzheimer's disease is caused by slow 

infectious agents, which have been reported as the cause in two other 

degenerative diseases of the central nervous system, the Creutzfeldt-Jakob 

disease and the Gerstmann-Strailssler syndrome (11 7-119). 

Recently Glenner performed amino acid sequence analysis of the protein 

fibrils in cerebrovascular amyloidosis associated with Alzheimer's disease 

(120-121).  The sequence of this amyloid protein revealed no homology with 

any amyloid protein sequenced sofar. Since in most other forms of vascular 

amyloidosis the amyloid proteins have been shown to be derived from an 

"abnormal" serum protein the main question at the moment is whether any 

protein, antigenically related to the cerebrovascular amyloid protein, 

will be present in sera of patients with Alzheimer's disease. The detec

tion of an amyloidogenic serum protein in Alzheimer's disease might pro

vide a diagnostic test and lead to a further understanding of the patho

genesis of this disease. 

1. 5 Pathogenesis: the precursor-product concept: 

During the past years it has been established that amyloid fibrils in the 

systemic forms of amyloidosis are derived from a serum protein precursor 

by proteolytic cleavage (27) .  The possible pathogenetic mechanisms in AA 

and AL amyloid will be discussed here. 

In AA amyloidosis associated with inflammatory diseases a component an

tigenically related to tissue AA protein has been identified in human 

serum and has been designated serum amyloid A protein (SAA) (26). The AA 

protein is thought to be derived from SAA by proteolytic cleavage of its 

carboxy terminus (27, 28). Recently the (in vivo) conversion of SAA to AA 

amyloid fibrils has been demonstrated (123). 

SAA behaves like an acute phase protein, its serum concentration increas

ing by several orders of magnitude (1 µg/ml to 1 mg/ml) within 24 hours 
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after the administration of an inflammatory stimulus (124). SAA is syn

thesized by hepatocytes (125, 126). During an inflammatory reaction there 

is a marked increase of the messenger-RNA coding for SAA synthesis in the 

liver such that 2-57. of hepatic protein synthesis is dedicated to this 

protein (127).  

The hepatic synthesis of SAA is induced by interleukin-! (128). The pri

mary sources of interleukin-! are blood monocytes, phagocytic lining cells 

of the liver and the spleen and other tissue macrophages (128). Many 

different types of infections, immunological reactions and other 

inflammatory processes stimulate mononuclear cell phagocytes to synthesize 

and release interleukin-!. Hepatocyte synthesis of acute phase proteins, 

however, is not dependent on interleukin-! alone, but results of a balance 

between positive and negative modulating factors, including prostaglandins 

and hormones (128, 129). Although the SAA protein has been demonstrated to 

be the probable source of AA amyloid, the fact that raised SAA levels are 

only rarely complicated by amyloid deposition remains unexplained and 

different explanations have been sought. 

The first option is that AA formation may be caused by faulty processing 

of SAA. Lavie et al. demonstrated that incubation of SAA with peripheral 

blood monocytes of patients with amyloidosis yielded an intermediate 

product which showed immunochemical and amino acid sequence identity with 

AA protein, whereas monocytes of most healthy individuals degraded SAA 

completely (60, 130). SAA degradation by monocytes and lymphocytes has 

been shown to be associated with surface membrane proteinases, especially 

those possessing elastase-type specificities (131, 132). However, if 

mononuclear cells are responsible for the conversion of SAA to AA with 

subsequent deposition of AA fibrils at sites distant from the inflammatory 

cells themselves, the AA protein should be demonstrable as a circulating 

component, which has never been described (133). 

Other observations indicate that the conversion of SAA to AA may be lo

cated on fixed macrophages and reticule-endothelial cells. Fuks and 

Zucker-Franklin demonstrated that Kupffer cells of healthy mice were able 

to degrade SAA completely, whereas Kupffer cells of amyloidotic mice 

showed residual SAA as well as the appearance of an AA-like cleavage 

product (134). Ultrastructural studies have provided evidence that Kupffer 

cells may also play a role in fibrillogenesis of the AA protein (134). 
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Whether AA amyloidosis results from overwhelming the normal degradation 

capacity by persistently elevated SAA levels or whether AA formation 

occurs as a result of a specific enzyme defect, remains to be established. 

In  summary: current available data support the idea that in AA formation 

hepatocyte synthesis of SAA is under control by macrophage products (in

cluding interleukin-1 and arachidonic acid metabolites), with subsequent 

AA formation by impaired catabolism of SAA by cell surface membrane as

sociated elastase-type proteases associated with the macrophage phagocytic 

system. 

A second option is the possibility of an intrinsic abnormality of the 

precursor protein making it amyloidogenic. SAA displays marked microheter

ogeneity and may be separated into several fractions by ion-exchange

chromatography, electrofocusing and by the use of monoclonal antibodies 

(135-139). SAA variants may differ in amyloidogenicity. It is not clear 

yet, however, whether indeed amyloidogenic subtypes of SAA exist and 

whether AA formation may result from differences in the susceptibility to 

proteolytic cleavage. The polymorphism in SAA synthesis implicates that 

the genetic make-up of a subj ect may determine whether amyloid formation 

will occur in case of longstanding elevation of SAA levels. 

Finally, a decreased ability to degrade AA protein may be another factor 

in the pathogenesis of AA amyloidosis. Several laboratories have reported 

the presence in serum of a factor capable of degrading AA fibrils (140-

145). 

The amyloid degrading activity is suggested to be related with the pres

ence in the serum of serine proteases, which are closely associated with 

the albumin fraction (144). The importance of this amyloid degrading 

factor was underscored by reports of reduced activity in patients with 

amyloidosis (143, 144). The development of renal amyloidosis in these 

patients would result in loss of albumin and the concomitant loss of 

albumin associated amyloid degrading activity, which in turn would account 

for a further depression of the ability to degrade AA, thereby generating 

a vicious circle (146). Teppo and Maury found that chymotrypsin, kallik

rein, elastase and trypsin were efficient in degrading both isolated and 

in situ amyloid fibrils. The enzyme concentration to produce a degrading 

effect, however, was considerably higher than those found in serum and 

their conclusion was that the amyloid fibril degrading activity of serum 
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cannot be accounted for by any of these enzymes (147). An inhibitor of the 

amyloid degrading activity was isolated from the serum by Kedar et al. and 

was characterized as a glycoprotein of 22000 dalton (145, 148). 

The existence of the amyloid degrading factor has been disputed by other 

investigators. Most of the studies dealing with the amyloid degrading 

factor used an in vitro assay system, based on changes in the appearance 

of amyloid fibrils dispersed in agarose plate, i. e. clarification of AA 

fibril containing agarose gels by serum. A systemic reevaluation of the 

amyloid degrading activity phenomenon was made by Caspi et al. and Scott 

et al. (149, 150). They found that the electron microscopic appearance of 

AA fibrils as well as their Congophilia remained unchanged after treatment 

with serum and no low molecular weight degradation products were found 

after treatment of AA fibrils. They concluded that the amyloid degrading 

activity of serum as revealed in the agarose gel assay does not involve 

any demonstrable degradation of amyloid fibrils and argue that the clear

ing of AA containing gel plates by serum is an optical phenomenon mediated 

by a non-specific calcium dependent effect. 

On the other hand, Skinner et al. have demonstrated by digital image 

analysis of fibril length that neutrophil elastase is implicated in the 

effect of serum on AA fibrils (151). Thus, at the moment there is still 

debate about the question whether an amyloid degrading serum factor ex

ists. Further investigations, using ultrastructural and immunochemical 

techniques, appear to be necessary to establish whether serum has the 

capacity to degrade amyloid proteins. 

In "primary" and myeloma associated amyloidosis fibrils have been demon

strated to be derived from the variable region of monoclonal immunoglo

bulin light chains (27). Lambda light chains, especially of the V-lambda

VI subgroup are preferentially associated with AL amyloidosis (152). It is 

still unclear whether AL formation may occur as a result of abnormal 

degradation of light chains or, alternatively, whether amyloid-associated 

light chains may possess structural features accounting for the formation 

of fibrils. 

Although unusual amino acid sequences have been noted in several amyloid

fibril proteins of the immunoglobulin type, no uniform structural peculi

arity has been found, which could account for the fibril-forming tendency. 
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The amyloidogenicity of light chain proteins may be related to the re

placement of hydrophilic by hydrophobic amino acid residues, thereby 

providing the nucleation sites for self-aggregation and fibril formation 

(153). 

Because of the possibility that calcium might be involved in the polymeri

zation of light chains (presence of the calcium binding protein AP and 

calcium deposits in amyloid per se), the finding of a high content of 

gamma-carboxy glutamic acid in amyloid associated Bence-Jones proteins is 

of interest as gamma-carboxy glutamic acid has been reported to mediate 

the binding of calcium in several other proteins (154) . 

There is considerable debate concerning the mechanism and the site of the 

partial degradation 

lular deposition of 

of Bence-Jones proteins and the subsequent extracel

the light chain component as amyloid fibrils. Data 

obtained by Durie and coworkers provide strong morphologic evidence for 

the interaction between myeloma cells and macrophages in amyloid fibril 

synthesis (155). Examination of soft-agar cultures of myeloma stem-cells 

showed macrophages that were closely associated with myeloma cells and 

appeared to secrete amyloid fibrils, while no evidence was found of fibril 

formation or secretion by myeloma cells. Nomura showed that intracellular 

formation of amyloid fibrils is not only seen in macrophages, but also in 

plasma cells (156). 

All amyloid deposits, with the possible exception of cerebral plaques 

(157), contain a pentagonal structure, amyloid P component (AP) (158). AP 

appears to be identical to a normal serum constituent SAP and is composed 

of ten 23000 dalton subunits which are associated in the form of two 

pentameric discs (31). Like SAA, SAP is synthetized in the liver (159), 

but SAP is not an acute phase protein in the human, although its serum 

levels have been shown to increase in individuals with malignancies (160). 

Apart from its presence in amyloid deposits, (S)AP has also been found to 

be a normal constituent of basement membranes in the kidney, as well as of 

elastic fibrils in normal human tissues (161, 162). (S)AP has the capacity 

for calcium-dependent binding to amyloid f ibrils, which is an explanation 

for the presence of (S)AP in amyloid deposits (32) . The role, if any, of 

AP in the development of amyloidosis remains a mystery. The close mor

phological association in vivo between amyloid fibrils and microfibrils of 

both elastic fibers and basement membranes, together with the property of 
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(S)AP to bind amyloid fibrils, indicates that (S)AP might provide the 

framework to which amyloid proteins bind (162). 

1. 6 Structure of this thesis: 

The purpose of this thesis is first to define the clinical characteristics 

of amyloid disease, with special emphasis to differences in the picture of 

AA and AL amyloidosis. Furthermore, we attempt to provide a diagnostic 

framework for the evaluation of amyloidotic patients. As this study is 

restricted to diagnostic implications in amyloid disease, therapeutic 

considerations will not be discussed in detail. 

Chapter 2: 

The clinico-pathologic aspects of 154 amyloidotic patients, who were 

diagnosed at the Department of Internal Medicine of the University Hospi

tal Groningen, were reviewed. The presenting manifestations, extent of 

organ involvement, results of biopsy procedures, prognosis and cause of 

death are discussed. 

Chapter 3: 

The clinical, pathological and laboratory findings in 58 amyloidotic 

patients, in whom a renal biopsy was performed, were studied to establish 

the characteristics and the prognosis of amyloid nephropathy in systemic 

AA and AL amyloidosis. 

Chapter 4: 

R 1 b 1 f . d .  . 99mT d .  . ena tu u ar unction stu ies using c- imercaptosuccinate were per-

formed in patients with amyloid nephropathy to determine the value of the 

clearance of this radiopharmaceutical as a non-invasive test for the 

degree of interstitial fibrosis and concomitant renal function loss. 

Chapter 5: 

Antibodies raised against amyloid protein A (goat/rabbit) and amyloid P

component (rabbit) were used for immunoperoxidase staining of renal AA and 

AL biopsy specimens. The purpose of this study was to establish the use

fulness of different anti-AA antibodies (goat/rabbit) in demonstrating 
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amyloid AA deposits and to correlate the results of immunoperoxidase 

staining with the effect of potassium permanganate on the affinity for 

Congo red. 

Chapter 6 :  

Whole-body scintigraphy studies with 

diphosphonate and 99�c-pyrophosphate 

systemic and localized amyloidosis 

the calcium-seeking agents 99�c

were performed in patients with 

to ascertain the value of "bone-

scanning" as a non-invasive screening test for the extent of organ in

volvement in amyloid disease. 

Chapter 7: 

We analyzed the clinical, electrocardiographic, roentgenologic and echo

cardiographic features in AA and AL amyloidosis. The purpose of this 

study was to establish the characteristics of cardiac (dys)function in AA 

and AL amyloidosis and to determine the sensitivity and specificity of the 

different diagnostic means in amyloid cardiomyopathy. 
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CHAPTER 2 

AMYLOIDOSIS IN GRONINGEN 

A CLINICAL SURVEY OF 154 CASES 





Chapter 2: Amyloidosis in Groningen: a clinical survey of 154 cases. 

2.1 Introduction: 

In recent years major advances have been made in elucidating the nature of 

the amyloid fibril proteins and the pathogenesis of the different amyloid 

syndromes (1, 2). Amyloidosis, however, remains a disease of which few 

clinicians gain a large experience. Because of the multisystemic character 

of amyloidosis and the variety of underlying conditions the evaluation ·and 

the treatment of amyloidotic patients challenge the ingenuity of the 

physician. 

This review is based on our experience with 154 cases of amyloidosis seen 

at the Department of Internal Medicine. The purpose of this report is to 

establish the clinical, pathological and laboratory features of this group 

of patients , who are well-defined with regard to the underlying disease 

and the amyloid protein involved. 

2. 2 Patients and methods: 

In the present study the case records were reviewed of 154 patients with 

amyloidosis seen up to December 1984; the group was composed of 91 pa

tients with systemic AA amyloidosis and 53 patients with systemic AL 

amyloidosis , 5 patients with familial amyloidotic polyneuropathy (FAP) , 4 

patients with local bronchial amyloidosis and 1 patient with lichen amy

loidosis. 

The diagnosis of amyloidosis was histologically confirmed by the apple

green birefringence of amyloid in sections viewed under the polarizing 

microscope after staining with Congo red according to the method described 

by Puchtler (3). The different types of amyloid involved were differen

tiated histochemically using the potassium permanganate (KMn04) method 

(4). 

The search for a monoclonal component (M-component) included bone-marrow 

examination and immunoelectrophoresis of serum and concentrated urine. The 

diagnosis of multiple myeloma (MM) was made according to the criteria 

described by Bonnett (5). Monoclonal gammopathy of undetermined 
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significance (MG) was said to be present in patients with a monoclonal 

gammopathy not fulfilling the criteria of multiple myeloma. 

Further laboratory investigations included: endogenous creatinine clear

ance (ml/min), degree (g/24 hrs) and selectivity (7.) of proteinuria, serum 

alkaline phosphatase activity, thyroid function tests, xylose and vitamin 

A absorption, and microscopic examination of a concentrated specimen of 

urine. 

The electrocardiograms were reviewed for the presence of a low voltage 

pattern, which was considered to be present when the QRS complexes of the 

standard and unipolar limb leads were less than 0. 5 mV. 

On physical examination special attention was paid to the presence or 

absence of: macroglossia, thyroid enlargement, signs of right and/or left 

sided heart failure, liver enlargement (liver edge > 3 cm below the costal 

margin), carpal tunnel syndrome, peripheral neuropathy, skin and mucosa! 

bleeding and orthostatic hypotension, defined as a decline in arterial 

blood pressure greater than 20 mm Hg . 

Nerve conduction studies were used to confirm the presence of carpal 

tunnel syndrome and peripheral neuropathy. 

Wilcoxon's ranksum test, chi-square test and logrank test were used for 

statistical analysis. 

2. 3 Systemic non-hereditary amyloidosis: results and comments: 

2. 3. 1 Associated disease and histochemical classification: 

A diagnosis of systemic AA amyloidosis was made in 91 patients, while 53 

patients were classified as AL. There were 72 male (43 AA, 29 AL) and 72 

female (48 AA, 24 AL) subjects. The age distribution of the patients at 

the time of diagnosis is shown in Table 1. There was no difference in age 

between the AA and the AL patients. 

Data concerning the predisposing conditions and the results of the KMno4-

method are given in Table 2. AA amyloidosis was secondary to a malignant 

process in 4/91 patients and associated with chronic inflammatory diseases 

in 82/91, whereas in 5/91 no underlying disease was found. The latter 

group was classified as idiopathic AA amyloidosis in view of the "typical" 

pattern of organ involvement , the sensitivity of the amyloid deposits to 
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KMno4 incubation, the absence of monoclonal gammopathy and the presence of 

biochemical signs of inflammation. 

The AA to AL ratio in our group is 1.7, which figure is in concordance 

with another European series (1. 6) but in contrast with American reports 

(0.1, 0.4, 1. 2) (6-9). Because it is unlikely that these differences are 

due to a difference in the incidence of AA and AL amyloidosis, they are 

probably related to local policies and interests ( 1 ,  6). 

Table 1: Age at diagnosis and sex of 144 patients 
with systemic AA and AL amyloidosis. 

AGE 
YRS 

AA 
MALE 

AA 
FEMALE 

AL 
MALE 

AL 
FEMALE 

================================================= 

<20 1 1 0 0 
20-29 3 3 0 0 
30-39 7 4 2 0 
40-49 8 5 2 2 
50-59 1 1  11  13  10 
60-69 7 15 9 6 
70-79 6 9 2 6 
�80 0 0 1 0 

Median age 53 59 56 58 
Range 1 2-77 18-74 32-80 46-78 

Systemic AA amyloidosis mainly occurs as a result of chronic suppurative 

or granulomatous infections and chronic inflammatory diseases. Rheumatoid 

arthritis is the most important (56%) cause of AA amyloidosis in this 

study. In the western world infections have been practically eradicated as 

the cause of amyloidosis, but worldwide tuberculosis remains an important 

cause of renal amyloid (11). Hypernephroma and Hodgkin's disease are the 

best recognized malignancies associated with AA amyloid ( 1 0). Amyloidosis 

was associated with Hodgkin ' s  disease in 2 of our patients and with car

cinoma of the lung and paraganglioma in 2 others. 

Although the assocation of amyloidosis with hypogammaglobulinemia is 

seldomly encountered, it has historical importance because it was employed 

to refute the concept of Osserman that amyloidosis was the result of 

hypergammaglobulinemia. In his review on amyloidosis, which appeared in 

1980, Glenner postulated that the amyloid protein in amyloidosis associa

ted with hypogammaglobulinemia would be of the AL type (1), a hypothesis 
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which has been disputed by others (13, 14). The following case report 

demonstrates that in primary hypogammaglobulinemia amyloidosis may be of 

the AA type and may result from recurrent infections. 

Table 2: Clinical and histochemical classification of 144 patients with 
systemic non-hereditary amyloidosis . 

ASSOCIATED DISEASE NO 
PAT 

M-comp KMn04 AMYLOID 
PROTEIN 

-===================================================--=--======-===-====== 

Rheumatoid arthritis 51 50-/ 1+'� sens AA 
Recurrent pulmonary infections 10 sens AA 
Crohn's disease 5 sens AA 
Ankylosing spondylitis 5 sens AA 
Tuberculosis 3 sens AA 
Osteomyelitis 2 sens AA 
Familial Mediterranean fever 2 sens AA 
Hodgkin ' s  disease 2 sens AA 
Agammaglobulinemia 1 sens AA 
Psoriatic arthritis l sens AA 
Infected burns 1 sens AA 
Recurrent abscesses 1 sens AA 
Paraganglioma 1 sens AA 
Carcinoma of the lung 1 sens AA 
None 5 sens AA 
Total AA 91 

Multiple myeloma 24 + res AL 
Monoclonal gammopathy 20 + res AL 
Macroglobulinemia 2 + res AL 
None 7 res AL 
Total AL 53 

sens= KMnO
A 

sensitive, res= KMn04 resistant. *= in 1 patient with rheu
matoid arthritis a M-component was present in the serum ; the clinical 
picture and the result of the KMn04-method were in accordance with AA 
amyloid. 

Case report: 

A 46-year-old male presented with nephrotic syndrome. Since childhood he 

suffered from recurrent sinopulmonary infections, which were related to 

his severe hypogammaglobulinemic state: IgG 0.15 g/1, IgA <0. 1 g/1, IgM 

0. 47 g/1. The urinary protein excretion was 6 g/24 hrs ; the endogenous 

creatinine clearance was 110 ml/min. A renal biopsy specimen showed glo

merular amyloid deposition. The Congo red staining was abolished after 

pretreatment with KMn04, demonstrating the amyloid to be of the AA type. 
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Bone-marrow examination was normal. Immunoelectrophoresis of serum and of 

l00x concentrated urine did not reveal a M-component. A diagnosis of 

systemic AA amyloidosis, secondary to recurrent chest infections in as

sociation with primary hypogammaglobulinemia, probably of the common 

variable immune deficiency type, was made. It may be concluded from this 

case report that amyloid may be of the AA type in primary hypogammaglob

ulinemia. In acquired hypogammaglobulinemia secondary to plasma cell 

dyscrasia, however, it is conceivable that in some cases amyloid may 

appear to be of light chain origin. 

Time interval between the diagnosis of the associated condition and the 

diagnosis of amyloidosis was significantly longer (P<0.01) in the AA 

patients (median 189 months; range 9-544 months) than in the AL patients 

(median 0 months; range 0- 112 months) , The duration of the underlying 

disease before amyloidosis was diagnosed is comparable with the figures 

reported in other series (15). In the AL group features of amyloid disease 

preceded the detection of a M-component in 707. of the cases (547. of AL 

associated with multiple myeloma and 907. of AL amyloid associated with 

"benign" monoclonal gammopathy) , In 1 patient the diagnosis of multiple 

myeloma was not made until 16 months after the patient was proven to have 

amyloidosis. 

2. 3.2 Presenting features: 

The clinical features which led to the diagnosis of amyloidosis in each 

case are given in Table 3. 

The most frequent presenting symptom was of renal origin both in the AA 

(887.) and in the AL group (297.), although the spectrum of initial symptoms 

was more diverse in the latter and comprised a considerable number (217.) 

of symptoms of cardiac dysfunction. 

The median duration of presenting symptoms until diagnosis of amyloidosis 

was 2 months in the AA group (range 0-75) and 3 months (range 0-63) in the 

AL group (AA versus AL P>0. 05). It took at least 6 months until the diag

nosis was confirmed by biopsy in 217. of the AA and 327. of the AL patients, 

most of whom (637.) presented with symptoms not related to renal or cardiac 

dysfunction. 
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This series confirms the remarkable variability with which especially AL 

amyloidosis may present. Cardiac failure, proteinuria ,  renal function loss 

as well as paresthesias, carpal tunnel syndrome, sicca syndrome and dys

phagia should alert the physician to the possibility of amyloid. 

Table 3: Presenting features in 144 patients with systemic AA and AL 
amyloidosis; n (%). 

PRESENTING SYMPTOM AA+AL AA AL 
=======================-=======================---============------------

Proteinuria 73(51) 63(70) 10(19) 
Renal insufficiency (CrCl<lO*) 15( 10) 11(13) 4(8) 
Renal function loss ( Crcl> lO*) 6(4) 5(5) 1(2) 
Heart failure 10( 7) 0(0) 10(19) 
Paresthesia 7 ( 5) 0(0) 7(13) 
Fatigue 7 (5) 2(2) 5(9) 
Diarrhea 6(4) 4(4) 2(4) 
Gross bleeding 5 (3) 4(4) 1 (2) 
Intestinal pseudo-obstruction 3(2) 1(1) 2(4) 
Carpal tunnel syndrome 2(1) 0(0) 2(4) 
Ascites 3 (2) 0(0) 3(6) 
Dysphagia 2(1) 0(0) 2(4) 
Sicca syndrome 1(1) 0(0) 1 (2) 
Orthostatic hypotension 1 ( 1) 0(0) 1(2) 
Muscle weakness l (1) 0(0) 1 ( 2) 
Heart block 1(1) 0(0) 1(2) 
Hematuria 1 (1)  1(1) 0(0) 
Total 144( 100) 91(100) 53(100) 

,·,= creatinine clearance (ml/min). 

AA nephropathy should be suspected in case of proteinuria or renal func

tion loss in association with chronic inflammatory diseases; a regular 

examination of urine for proteinuria may lead to an early diagnosis of 

amyloidosis in these conditions ( 1 6). 

2.3. 3 Initial site of biopsy: 

The diversity of tissues from which the diagnosis of amyloidosis was 

established is shown in Table 4 and reflects the widespread character of 

the disease. In 10 patients ( 7  AA and 3 AL) the diagnosis was made at 

autopsy. The diagnosis was made most frequently by rectal, renal or liver 

biopsy. The value of different biopsy sites will be discussed in detail 

later in this chapter (2. 3. 10). 
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Table 4: Location of first histologic diagnosis ; n  ( 7. ) . 

BIOPSY SITE AA+AL AA AL 
====================================================== 

Rectum 87 (60) 58(64) 29(55) 
Kidney 22(15) 19(21) 3(6) 
Liver 9(6) 4(4) 5(9) 
Autopsy 10( 7) 7(8) 3(6) 
Lymph node 3(2) 0(0) 3(6) 
Gingiva 3(2) 2(2) 1 (2) 
Muscle 2(1) 0(0) 2(4) 
Skin 2(1) 0(0) 2(4) 
Tongue 2(1) 0(0) 2(4) 
Jejunum 2(1) 1 (1) 1(2) 
Synovia 1 (1) 0(0) 1 (2) 
Heart 1 (1) 0(0) 1 (2) 
Total 144(100) 91 (100) 53(100) 

2.3. 4 Monoclonal components: 

53 patients were classified as systemic AL amyloidosis. In AL amyloidosis 

there is supposed to be a relation between amyloid deposits and immuno

cyte derived abnormalities in protein synthesis (1). Within the AL group a 

further subdivision can be made on the basis of the actual finding of the 

immunoglobulin precursor according to the classification of Bonnett (5, 

17).  In myeloma-associated systemic amyloidosis (MM-AL) the M-component is 

an associated finding. In a second group a M-component can be identified 

in the serum and/or the urine with immunocyte dyscrasia other than mul

tiple myeloma (monoclonal gammopathy associated amyloidosis= MG-AL). 

Patients with systemic AL amyloidosis in whom no M-component can be 

detected should be considered a third group designated idiopathic systemic 

AL amyloidosis (IS-AL). 24 (457.) of the AL patients were classified as MM

AL, 22 (427.) as MG-AL and 7 (137.) as IS-AL. 

The M-components of the 53 AL patients were analyzed and compared to those 

found in 621 patients with some type of immunocyte dyscrasia not associa

ted with amyloidosis, attending our clinic between 1965 and 1984 (see 

Table 5). 

In 46 out of 53 (877.) AL patients a monoclonal component could be detec

ted. In 25 of this 46 patients (547.) the M-component in the serum was 

found to be associated with the presence of light chains in the urine. In 
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11  (247.) the M-component was present in the serum only, whereas in 9 (207.) 

the presence of a monoclonal spike could be based solely on the findings 

in the concentrated urine; in 1 patient no immunoelectrophoresis of the 

urine was performed. 

Table 5: Type of M-component in patients with and without AL amyloidosis; 
n (7.). 

CLASS IgG IgA IgM IgD BJ +? TOTAL 
========================================================================== 

MC 
MC-AL 

365(58) 
15(33) 

92(15) 
4(9) 

124(20) 
2(4) 

5(1) 
0(0) 

MC= monoclonal component without amyloidosis 
MC-AL= monoclonal component with amyloidosis 
+?= M-component present, type unknown 

35(6) 
21(46) 

0 
4(8) 

621(100) 
46(100) 

Compared to the general M-component population the AL patients show a 

pronounced shift to the Bence-Jones type of M-component. Furthermore these 

figures illustrate that of a total of 667 patients with a M-component this 

is associated with amyloidosis in about 77. of cases. 

Table 6 analyzes the type of M-component in the AL patients with respect 

to the results of bone-marrow examination. 

Table 6: Type of M-component in AL amyloidosis with respect to the results 
of bone-marrow examination; n (i.). 

BM 
EX 

CLIN 
CLASS 

IgG IgA IgM BJ +? TOTAL 

----==---================================================================= 

+ 
+/ -

MM-AL 
MG-AL 
IS-AL 

11(46) 
4(18) 
0(0) 

2(8) 
2(9) 
0(0) 

0(0) 
2(9) 
0(0) 

8(33) 
13(59) 
0(0) 

3(13) 
1(5) 
0(0) 

0(0) 
0(0) 
7(100) 

24(100) 
22(100) 

7 (100) 

BM EX: bone-marrow examination : += overt myeloma (>207. plasma cells), 
+/-= slightly increased number of plasma cells (157.), -= normal number of 
plasma cells; CLIN CLASS= clinical classification; +?= M-component pre
sent, type unknown; -= no M-component detected. 

From this table it is apparent that the shift towards the Bence-Jones type 

of M-component is more pronounced in the MG-AL than in the MM-AL group. 

In comparison to the non-amyloidotic M-component patients, the AL patients 

show a shift in the kappa/lambda ratio in favour of the lambda type of M

component (0. 56 versus 1.63), which is even more pronounced in MG-AL than 

MM-AL (0.31 versus 0. 91) (see Table 7). 
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In the literature the presence of a M-component in serum or urine of AL 

patients is reported in 51-887. of cases (6, 7, 9, 18-20) with a 23-507. 

prevalence of Bence-Jones protein (18-21) and a kappa/lambda ratio of 

0.33-0.75 (18-21). 

Most immunoglobulin amyloid fibril proteins were shown by amino acid 

sequence studies to be derived from the variable region of lambda light 

chains (22, 23). This finding together with the inversion of the normal 

kappa/lambda light chain ratio may be of pathogenetic importance. 

Table 7: Type of light chains in patients with and without 
AL amyloidosis (n). 

CLASS 

MC 

MG-AL 

MM-AL 

Kappa type 

385 

5 ,  
15  

10 .,,.. 

Lambda type 

236 

16 , 
27 

11 / 

MC= monoclonal component without amyloidosis; 

K/L ratio 

1.63 

0. 31 
0.56 

0.91 .,,.. 

MG-AL= amyloidosis associated with monoclonal gammopathy; 
MM-AL= amyloidosis associated with multiple myeloma; 
K/L ratio= kappa/lambda ratio . 

In vitro proteolytic cleavage of lambda and kappa Bence-Jones proteins 

showed that more lambda than kappa chains were converted to �-pleated 

sheet fibrils (24). However, it remains to be established, whether amyloid 

associated light chains, especially lambda chains, possess distinct 

structural features that render them amyloidogenic or whether the light 

chain degradative process is abnormal in patients with AL amyloidosis. 

Regarding the methodology of typing M-components one should be aware of 

some pitfalls: a) the so-called "dip-stick" screening on proteinuria is 

negative for Bence-Jones proteins; b) the classical "heat-test" for Bence

Jones proteins is too insensitive; a positive reaction is found only at 

concentrations over 600 mg/1; c) the absence of general proteinuria does 

not imply the absence of Bence-Jones proteinuria. Normal proteinuria is 

defined as being below 100 mg/1, whereas normal Bence-Jones proteinuria 

should not exceed 5 mg/1. Immunofixation is the most sensitive and speci

fic test for the detection of M-components, particularly for the detection 

of Bence-Jones proteins in the urine (25). Using this technique one can 
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detect a M-component in serum at a concentration of 20 mg/100 ml; con

centration of the urine prior to immunofixation enables one to measure 

Bence-Jones proteinuria at levels down to 2 mg/1. 

In 9 AL patients a M-component could only be demonstrated in the lOOx 

concentrated urine. Regarding the absence of a M-component in 7 AL pa

tients, it should be mentioned that this number refers to patients analy

zed at a time the technique of immunofixation was not available. It has to 

be expected that with the use of increasingly sensitive laboratory tech

niques the incidence of "idiopathic" AL amyloidosis will decrease. 

2.3. 5 Renal involvement: 

Involvement of the kidneys is extremely common in patients with amyloi

dosis and is one of the major clinical problems. The results of renal 

function tests in the AA and AL patients are summarized in Table 8. 

Table 8: Results of renal function tests at the time of diagnosis. 

Creatinine clearance (ml/min) 
Proteinuria (g/24 hrs) 
Selectivity-index (7.) 

M= median value; R= range. 

NO PAT AA 
TESTED M 

85 
91 
40 

50 
3 

20 

R 

2-175 
0-19  
8-53 

NO PAT AL 
TESTED M 

47 
53 
20 

56 
2, 5 

15 

R 

0-157 
0-22 
6-50 

There was no significant difference in creatinine clearance between the AA 

and AL patients (P>0. 05). In 14 AA and 5 AL patients the creatinine clear

ance was less than 10 ml/min at the time of diagnosis, whereas in 1 9  (12 

AA, 7 AL) patients renal function was normal (>100 ml/min). In 7 out of 

the 14 AA patients, in whom renal insufficiency was present at the time of 

diagnosis, no regular examination of renal function had been performed 

during the preceding years; in 2/14 patients amyloidosis was suspected at 

an earlier stage, but rectal biopsy gave negative results at that time; 

1 patient refused evaluation of renal function loss until she was admitted 

because of severe uremia; in 2/14 patients no underlying disease could be 

detected and they were classified as idiopathic AA amyloidosis. 

It is difficult to compare renal function in our patients with the results 

reported by others, because they do not mention data on the creatinine 
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clearance and estimate kidney function on the serum level of creatinine, 

which is a relatively unreliable indicator of renal function loss, par

ticularly in patients with chronic inflammatory disease (6, 7, 9, 15, 18, 

26). Serum creatinine concentration and glomerular filtration have a 

hyperbolic relationship and serum creatinine levels increase only mar

ginally until some 507. of renal function is lost (27). 

Proteinuria is thought to be an invariable feature in the course of amy-

loidosis and is reported to be present in some degree at the time of 

diagnosis in approximately 857. of cases (7, 9, 18) .  Urinary protein 

excretion in the range of nephrotic syndrome as an initial feature is seen 

in 25-577. of subjects (7, 9, 18). The degree of proteinuria has been 

reported to correlate with the degree of glomerular amyloid deposition 

(26, 28, 29). Others correlate proteinuria with epithelial detachment and 

distortion by amyloid fibrils (30). Proteinuria > 5 g/24 hrs occurred in 

40 (447.) AA and 22 (427.) AL patients . No proteinuria of significance was 

found in 8 (97.) AA and 6 (117.) AL patients, which may be due to a predomi

nantly vascular amyloid deposition (31).  Proteinuria was selective (�207.) 

at the time of diagnosis in 677. of the patients tested; 25/40 (637.) AA and 

15/20 (757.) AL patients presented with selective proteinuria (AA versus AL 

P>0. 05). The relation between renal function loss, degree and selectivity 

of proteinuria, hypertension, kidney size and renal biopsy findings will 

be discussed further in chapter 3. 

2. 3 . 6  Cardiac involvement: 

Amyloid heart infiltration occurs often (34-807.) in patients with AL 

amyloidosis and is the most frequent cause of death in this type of amy

loidosis (7, 9, 18, 32-34). Amyloid heart disease accounts for approxima

tely 107. of all non-coronary cardiomyopathies (35). In AA amyloidosis on 

the other hand, clinically significant cardiac involvement is reported to 

be uncommon (1, 7), although (perivascular) cardiac amyloid deposition is 

not infrequently found at autopsy in AA patients (6). Involvement of the 

heart in amyloidosis may present as congestive heart failure due to sys

tolic dysfunction, right-sided heart failure as a manifestation of re

strictive cardiomyopathy and as abnormalities of impulse formation and 

conduction. Clinical features of heart failure were observed more 
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frequently in AL than in AA subjects (P<0. 0005) (see Table 9), and were 

present in 37 ( 707. ) of the former and 8 (97.) of the latter . 

Table 9: Heart failure and electrocardiographic 
findings ; n ( 7.  of total number of AA/AL patients). 

HF+/LV-ECG+ 
HF+/LV-ECG
HF-/LV-ECG+ 
HF-/LV-ECG
Total 

AA 

6(7) ,� 
2(2)* 
0(0) 

83(91) 
91(100) 

AL 

29(55) 
8(15) 
5(9) 

11(21) 
53 (100) 

HF+/-= presence or absence of signs of heart 
failure; LV-ECG+/-= presence or absence of a 
low voltage electrocardiogram. 
"'= see text. 

In 2 AA patients (* Table 9) factors other than amyloid infiltration could 

be identified as the cause of heart failure; one patient had a past his

tory of coronary heart disease, whereas in another patient a diagnosis of 

rheumatoid myocarditis was confirmed by endomyocardial biopsy. The most 

characteristic, but not specific electrocardiographic feature in cardiac 

amyloidosis is a diffusely diminished voltage (36-38). In 5/6 AA patients, 

in whom heart failure might have been attributable to amyloid infiltra

tion, a low voltage pattern was observed on electrocardiography. In 

chapter 7 the results of M-mode and two-dimensional echocardiography, 

which possibly represent the most sensitive non-invasive tests for the 

diagnosis of amyloid cardiomyopathy, are compared with the clinical, 

electrocardiographic and radiologic findings in amyloid heart disease. 

2. 3.7 Involvement of the nervous system: 

Peripheral neuropathy develops in patients with systemic amyloidosis 

(especially of the AL type) as a result of either infiltration of the 

nerve by amyloid or compression of the nerve by surrounding deposits of 

amyloid (e. g. carpal tunnel syndrome) (39, 40). The infiltrative type of 

neuropathy is usually distal, symmetric and progressive, commonly affec

ting the lower limbs and is reported in 8-177. of AL patients (18, 39). 
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Manifestations of autonomic dysfunction are orthostatic hypotension, 

gastrointestinal disturbances, bladder dysfunction and impotence (41, 42). 

In this series 19 (367.) AL and 2 AA (27.) patients had signs of sensori

motor polyneuropathy, whereas carpal tunnel syndrome was diagnosed in 4 

(Bi.) AL subjects. 14 (267.) AL and 2 (27.) AA patients fulfilled the crite

ria of orthostatic hypotension. Neither peripheral nor autonomic neuro

pathy has sofar been reported as a sign of AA amyloidosis. In the 2 AA 

patients with features of peripheral neuropathy this could be attributed 

to other causes than amyloid infiltration. In one patient mononeuritis 

multiplex was related to vasculitis, whereas in another patient vitamin

Bl2 deficiency caused by intestinal malabsorption led to neurologic mani

festations. Hypotension has been reported in early series to occur fre

quently in amyloidosis associated with infectious processes, which may be 

explained by the cachectic state of patients with amyloidosis associated 

with tuberculosis (43-45). In the above mentioned AA patients with ortho

static hypotension hypovolemia, adrenal insufficiency, diabetes mellitus 

and drugs could be excluded as the cause of hypotension; it is uncertain, 

however, if in the AL patients hypotension was always solely due to auto

nomic dysfunction. 

2. 3. 8 Involvement of the gastrointestinal tract: 

Signs of gastrointestinal involvement in amyloidosis include obstruction, 

malabsorption, ulceration, hemorrhage, diarrhea and constipation (46). 

Amyloid infiltration of the tongue causing macroglossia is only seen in AL 

amyloidosis and is reported in 10-207. of AL cases (18). The differential 

diagnosis of macroglossia includes Down's syndrome, hemangioma or lymphan

gioma, acromegaly and cretinism (47). Enlargement of the tongue may inter

fere with eating and may be severe enough to obstruct the airway in a 

reclining position. In 2 of our AL patients dysphagia caused by glosso

pathy preceded other symptoms of the disease, whereas in 15 others macro

glossia developed in the course of the disease; it was the cause of death 

in 1 patient. 

-47-



Table 10: Gastrointestinal features; n (% of total 
number of AA/AL patients). 

Macroglossia 
Prepyloric obstruction 
Pseudo-obstruction 
Diarrhea with malabsorption 
Diarrhea without malabsorption 
Malabsorption without diarrhea 
Hepatomegaly 

AA AL 

0(0) 
1(1) 
3(3) 
7 (8) 
7 (8) 
4 (4) 
17 (19) 

17 (32) 
1(2) 
2(4) 
1(2) 
4(8) 
3(6) 

30(57) 

Prepyloric obstruction from amyloid has been reported in 7 patients (18, 

48, 49); it was the cause of postprandial vomiting in 2 (1 AA, 1 AL) 

patients in our series. 

Malabsorption and diarrhea may be the result of by muscle infiltration or 

autonomic neuropathy associated with vascular insufficiency and bacterial 

overgrowth (50-52). Malabsorption occurred in 11 (12%) AA and 4 (8%) AL 

patients, whereas 7 (8%) AA and 4 (8%) AL patients suffered from diarrhea 

in the presence of normal xylose and vitamin A absorption. On the other 

hand intestinal pseudo-obstruction, defined as the occurrence of clinical 

manifestations of mechanical obstruction of the intestine with no organic 

occlusion of the lumen (53), was encountered in 3 AA and 2 AL patients. It 

is important to recognize this condition in order to avoid surgical treat

ment which would be ineffective and is associated with a high (80%) mor

tality (51). 

Although hepatic involvement is common in both AA and AL amyloidosis, 

clinical features of hepatic dysfunction and liver chemistry abnormalities 

are often mild or absent (54). Only hepatomegaly and elevation of alkaline 

phosphatase are reported to occur with some frequency (55). Severe intra

hepatic cholestasis develops in approximately 5% of AL patients; it has 

yet not been reported in AA amyloid (56, 57).  Portal hypertension and 

ascites have been described in 8 AL and 1 AA patient (9, 58-65). Hepatic 

failure is a very rare (0. 5-1. 5%) cause of death in amyloidosis (6, 18).  

Liver enlargement was present in 17  (19%) of the AA and 30 (57%) of the AL 

patients and was accompanied by elevated serum levels of alkaline phos

phatase in 47% and 67%, respectively. It should be noted, however, that in 

amyloidosis hepatomegaly cannot simply be imputed to amyloid infiltration, 
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because of the frequent association with cardiac failure; elevation of 

alkaline phosphatase may also be due to osteolysis in myeloma, active 

polyarthritis or right sided heart failure. Hepatic insufficiency account

ed for death in 3 (2 AA, 1 AL) of our patients. The following case report 

demonstrates that, although liver involvement is seldomly of clinical 

importance, the course of events may be dramatic in an individual case. 

Case report: 

A 47-year-old female was admitted with ascites, hepatomegaly and protein

uria. She had been feeling well until 7 weeks before, when she noticed 

distension of the abdomen and aspecific abdominal discomfort. She had no 

history of hepatitis or other liver disease. 

On physical examination she had a regular pulse rate at 76 beats/min and 

her blood pressure, both in supine and erect position was 130/80 mm Hg. No 

signs of jaundice or anemia were noticed. A few spider angiomas, but no 

palmar erythema, were found. The thyroid gland was firm but not enlarged. 

No abnormalities were found over the heart and lungs. The abdomen was 

protuberant, and a firm, non-tender liver edge descended 4 cm below the 

costal margin. The spleen could not be palpated. There was a moderate 

edema in the pretibial region. There were no signs of macroglossia, carpal 

tunnel syndrome or peripheral neuropathy. 

Laboratory investigations revealed an erythrocyte sedimentation rate of 87 

mm in the first hour. The endogenous creatinine clearance was 100 ml/min 

with an urinary protein excretion of 10 g/24 hrs. Other recorded levels 

were as follows (normal values are shown in parentheses): alkaline phos

phatase 890 IU/1 (<120), GOT 56 IU/1 (<30), GPT 33 IU/1 (<30), total 

bilirubin 6 µmol/1 (<17), gamma glutamyl transferase 274 IU/1 (<45). Serum 

electrophoresis revealed no abnormal protein peaks. Immunoelectrophoresis 

of the concentrated urine revealed considerable amounts of kappa light 

chains. Bone-marrow examination showed 15% plasma cells; on immunofluores

cence more than 90% of the plasma cells appeared to react with antibodies 

directed against kappa light chains. An electrocardiogram showed a low

voltage pattern. An adequate rectal biopsy showed no evidence of amyloid 

deposition. Subsequently a liver and renal biopsy were performed. In both 

biopsies an extensive deposition of KMn04-resistant amyloid was found. On 

immunofluorescence the amyloid deposits appeared to react with antib0dies 
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directed against kappa light chains, but no reaction occurred with anti-AA 

antibodies. 

A diagnosis of systemic AL amyloidosis associated with kappa light chain 

gammopathy, with evidence of involvement of the liver, the kidneys and the 

heart was made. 

The patients ascites was initially managed with bed rest, strict fluid and 

sodium restriction. When the ascites became refractory to conservative 

management, a peritoneovenous (LeVeen) shunt was implanted. The plasma 

cell dyscrasia was treated with intermittent melphalan and prednisone. The 

patient died 6 months after presentation of hepatic insufficiency. At 

autopsy massive amyloid deposits were found in the thyroid gland, salivary 

glands, liver (3055 g) and spleen, kidneys and adrenal glands; heart-size 

was normal with perivascular and interstitial amyloid at microscopic 

examination. 

2. 3. 9 Miscellaneous features: 

Hemorrhage is reported as a common, although usually mild, problem in 

patients with amyloidosis. Bleeding frequently occurs in the absence of 

clotting test abnormalities and is thought to be related to amyloid in-

filtration of blood vessels with consequent increased fragility (66, 67). 

Other possible but rare causes of hemorrhagic diathesis may be hypopro

thrombinemia, fibrinogenopenia, increased fibrinolysis, anticoagulants, 

thrombocytopenia and factor X deficiency (68-71).  

65 (45%) of  our patients experienced at  least one bleeding episode. These 

included intracutaneous (1 AA, 13 AL), mucosal (15 AA, 7 AL) and gastroin

testinal (9 AA, 9 AL) bleeding, hematuria (15 AA, 7 AL), hemoptysis as

sociated with bronchiectasis (1 AA), vaginal bleeding (2 AA) and bleeding 

after diagnostic procedures (1 AA). In only 2/18 patients with gastroin

testinal bleeding a focus of blood loss was found (esophagus varices 1 

case, duodenal ulcer 1 case). 

An isolated factor X deficiency was not seen in our patients and must be 

considered a rare, but well-documented, complication of amyloidosis, which 

is caused by direct binding of factor X to amyloid fibrils exposed to 

circulating blood (69). 
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Table 11:  Miscellaneous features; n (7. of 
total number of AA/AL patients). 

AA AL 
=======-===================================== 

Sicca syndrome 
Goiter with hypothyroidism 
Goiter without hypothyroidism 
Hypothyroidism without goiter 
Arthropathy 
Myopathy 
Dermapathy 

l (1) 
l ( l) 
2(2) 
l (1) 
0(0) 
1 (1) 
0(0) 

2(4) 
0(0) 
2(4) 
3(6) 
2(4) 
1 (2) 
1 (2) 

Amyloid may be present in the thyroid in three conditions: amyloid goiter, 

nongoitrous amyloid of the thyroid, and medullary carcinoma of the thyroid 

(72-76). Amyloid deposits large enough to cause thyroid enlargement have 

been reported on 70 occasions (77). The characteristic feature of this 

condition is thought to be the very rapid growth of the thyroid. Surgery 

is often performed because of suspicion of neoplasm or to relieve local 

pressure symtoms. A preoperative diagnosis is rarely made, although diag

nosis by needle aspiration biopsy or scintigraphy with technetium-labeled 

phosphates has been reported (77-80). Thyroid enlargement was found in 3 

AA and 2 AL patients; pressure symptoms due to thyromegaly have not been 

noted in any of these cases; alarming growth was nor observed. 

Hypothyroidism due to destruction of thyroid tissue by amyloid has to our 

knowledge not been reported with any certainty (by means of decreased 

serum thyroid hormone levels and concomitant rise in levels of thyroid 

stimulating hormone); in our patients clinical and laboratory evidence of 

myxoedema was present in 2 AA and 3 AL cases. 

Sjogren's syndrome is a chronic inflammatory disease resulting from lym

phocytic invasion and subsequent destruction of exocrine glands and con

sists clinically of keratoconjunctivitis sicca and xerostomia. It may be 

associated with rheumatoid arthritis, systemic lupus erythematosus, poly

myositis, scleroderma, periarteritis nodosa, and autoimmune liver disease 

(B l). Other diseases such as sarcoidosis, lipoproteinemias and myelopro

liferative disorders can clinically mimic sicca syndrome. Dysfunction of 

exocrine glands due to amyloid deposition has been described on 3 occa

sions (82-84). In this series sicca syndrome was detected in 2 AL pa-
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tients; in 1 patient with rheumatoid arthritis the diagnosis of amyloi

dosis was preceded by sicca syndrome. Amyloidosis must be included in the 

list of diseases that can resemble sicca syndrome. 

One may distinguish two types of myopathy in amyloid patients. "Muscle 

amyloidosis" is a very rare condition, first described by Lubarsch in 1929 

(85), and is characterized by progressive muscular stiffness and athletic 

appearence due to pseudohypertrophy of skeletal muscles from infiltration 

by amyloid (86). Another cause of progressive myopathy is extensive amy

loid deposition in the walls of small vessels, with the production of 

ischemia (87). We have examined 2 (1 AA, 1 AL) patients with progressive 

muscle atrophy and muscle weakness due to amyloidosis. 

Amyloidosis may involve periarticular structures and a wrong diagnosis of 

rheumatoid arthritis may be made. Amyloid arthropathy is characterized by 

deposition of amyloid fibrils within the synovial membrane and may have 

some clinical similarity to rheumatoid arthritis, i. e. symmetric joint 

involvement, synovial thickening and effusions, and early morning sti ff

ness (88). Diagnosis can be established by examination of Congo red stain

ed synovial fluid specimens or synovial biopsy specimens under polarized 

light. 

2. 3. 10 Results of biopsy procedures: 

The diagnosis of amyloidosis depends on the demonstration of amyloid 

deposits by Congo red staining of biopsy specimens (1). Only the birefrin

gence after staining with Congo red and under examination with polarized 

light is specific. Staining techniques employing thioflavin S and T and 

methyl violet lack the required specificity to be conclusive (89 ). 

Until the 1950th amyloidosis was seldom diagnosed during life. The devel

opment of biopsy techniques has resulted in obtaining histological proof 

of clinically suspected disease. 

The ideal routine biopsy technique for the diagnosis of amyloidosis should 

be based on the following principles: a) a readily available involved 

organ, b) operative ease assuring adequate specimen, c) absence of com

plications and d) minimal discomfort to the patient . With these objectives 

in mind biopsy of rectal mucosa, introduced by Gafni and Sohar (90), 
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appears to be the best diagnostic procedure in cases of suspected amyloi 

dosis . The accuracy of the rectal biopsy i n  diagnosing amyloidosis is 

estimated 73-99% (90-94) . To be adequate, the biopsy specimen must contain 

submucosa, because this tissue is involved more often than the mucosa . 

Table 12: Results of 376 biopsies performed in 154 patients with systemic 
or local amyloidosis; in the second column the number of patients in the 
different types of amyloidosis; in the next columns the results n (%) of 
biopsy procedures in the different groups; in some patients multiple 
biopsies were taken from the same site. 

BIOPSY NO PAT AA 
AA/AL/FAP POS 

!\A 
NEG 

AL 
POS 

AL 
NEG 

FAP 
POS 

FAP 
NEG 

========================================================================== 

Rectum 80/39/4 75(81) 18(1 9) 35(80) 9(20) 4(100) 0(0) 
Kidney 48/12/1 56(92) 5(8) 13(81) 3(19) 1 (100) 0(0) 
Liver 16/12/0 16(84) 3 (16) 11 ( 85) 2(15) np np 
Jejunum 17/ 3/1 15(83) 3(  1 7) 3(100) 0(0) 1 (100) 0(0) 
Bone marrow 5/12/0 0(0) 5(1 00) 11 ( 73) 4(27) np np 
Gingiva 10/ 7/2 4(40) 6(60) 2(29) 5( 71) 2(100) 0(0) 
Stomach 5/ 4/0 3(60) 2(40) 5(100) 0(0) np np 
Lymph node 2/ 3/0 1 (50) 1 (50) 5(100) 0(0) np np 
Colon 2/ 3/1 1 (50) 1 (50) 2(67) 1 (33) 1 (100) 0(0) 
Sura! nerve 0/ 3/2 np np 3(100) 0(0) 2(100) 0(0) 
Muscle 1 /  4/1 1 (100) 0(0) 3(75) 1 (25) 1 (100) 0(0) 
Tongue 0/ 5/0 np np 4(80) 1 (20) np np 
Skin 1 /  2/ 1 1 (100) 0(0) 1 (50) 1 (50) 1 (100) 0(0) 
Synovia 0/ 2/0 np np 2(100) 0(0) np np 
Bladder 0/ 2/0 np np 1 (50) 1 (50) np np 
Spleen 2/ 0/0 2(100) 0(0) np np np np 
Pleura 0/ 1 /0 np np 1 (50) 1 (50) np np 
Duodenum 1 /  0/0 1 (100) 0(0) np np np np 
Esophagus 1 /  0/0 1 (100) 0(0) np np np np 
Heart 1 /  1 /0  0(0) 1 (100) 1 (100) 0(0) np np 

LBA/LDA LBA LBA LDA LDA 
POS NEG POS NEG 

======================================================================---
Trachea 4 /0 4(100) 0(0) np np 
Liver 1 /0 0(0) 1 (1 00) np np 
Gingiva 0 /1  np np 0(0) 1 (100) 
Bone marrow 1 /0 0(0) 1 (100) np np 
Sura! nerve 0 /1 np np 0(0) 1 (100) 
Skin 0 /1 np np 1 (100) 0(0) 

AA/AL/FAP-POS/NEG= number (%) of positive/negative biopsies in patients 
with that type of amyloidois: AA= systemic AA amyloidosis, AL= systemic AL 
amyloidosis, FAP= familial amyloidotic polyneuropathy, 
LBA/LDA POS/NEG= number ( 7. )  of positive/negative biopsies in patients with 
local bronchial or local dermal amyloidosis. 
np= not performed in this type of amyloidosis. - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
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In this series amyloidosis was diagnosed during life in 947. (see Table 12) 

of cases. Of 141 rectal biopsies performed in 123 patients (80 AA, 39 AL, 

4 FAP) 114 (81%) gave positive results. 75/93 (81%) rectal biopsies in the 

AA group showed amyloid deposits, compared with 35/44 (80%) in the AL and 

4/4 (100%) in the FAP group. Of importance is the finding that 17/27 (63%) 

of the negative rectal biopsies were adequate, i. e. contained submucosa. 

Before the introduction of the rectal biopsy procedure, gingival biopsies 

were favored for diagnosing of arnyloidosis; the results, however, were 

disappointing, showing amyloid deposition in 19-607. of cases (95-97), 

which is in concordance with our results (42% positive). 

If the rectal biopsy is adequate but negative, tissue should be obtained 

from a suspected involved organ. Both liver and renal biopsies often 

reveal amyloid (6, 18, 98), but these procedures are more difficult and 

liver biopsy is reported to produce bleeding in patients with gross hepa

tomegaly (98). Sural nerve biopsy is a high-yield diagnostic procedure in 

patients suspected of amyloid neuropathy (18). 

Bone-marrow biopsy, small-bowel biopsy, skin biopsy, fine-needle biopsy of 

subcutaneous abdominal fat, prostatic biopsy, aspiration biopsy of the 

spleen and endomyocardial biopsy have been used to diagnose arnyloidosis 

(99-104). 

Although the KMn04-method is reported to provide a solid histochemical 

method to classify patients with generalized arnyloidosis (4, 105), im

munologic methods using anti-AA antibodies are more specific in demon

strating AA amyloid. The immunologic approach in demonstrating AL deposits 

is more complex because of the individual differences in the AL protein. 

2.3. 1 1  Survival : 

Median survival after diagnosis was 7 months in the AL and 45 months in 

the AA patients. 387. of the AA and 67. of the AL patients survived five 

years or more. The maximum survival from the time of diagnosis was 22 

years in the AL and 18 years in the AA group. 

From 4 months after diagnosis prognosis was worse in AL compared with AA 

disease (see Figure 1) . In previous studies the reported median survival 

of AA patients varied from 30-60 months (6, 15). Kyle reported a median 
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survival of 12 months in 229 AL patients, whereas Browning found a 507. 

survival of 6 months in 30 AL patients (6, 18). 

Table 13: Cause of death in 63 patients with system
ic AA and 51 patients with systemic AL amyloidosis. 

CAUSE OF DEATH (n, 7.) AA+AL AA AL 
=====================�============================== 

Cardiac failure 
Renal insufficiency 
Infection 
Bleeding 
Perforated diverticula 
Myocardial infarction 
Hepatic failure 
Stroke 
Carcinoma 
Glossopathy 
Tuberculosis 
Ischemic colitis 
Unknown 

34(30) 
30(26) 
12(11) 

7 (6) 
5(4)  
4(4) 
3(3) 
2(2) 
2(2) 
1(1) 
1(1) 
1 (1) 

12(1 1) 

2(3) 
22(35) 
10(16) 

5 ( 8 )  
5(8) 
3(5) 
1 (2) 
2(3) 
2(3) 
0(0) 
1 (2) 
0(0) 

10(16) 

32(63) 
8(16) 
2(4 )  
0(0) 
2(4) 
1 (2) 
2(4) 
0(0) 
0(0) 
1(2) 
0(0) 
1 (2) 
2(4) 

Figure 1 :  Survival of 91 patients with systemic AA and 53 patients with 
systemic AL amyloidosis . 
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In 987. 

patient 

lung) . 

of our patients death was related to the amyloid process. One AA 

died of the underlying disease (squamous cell carcinoma of the 

whereas another AA patient died of disseminated carcinoma of the 

parotid gland. 

Among our AL patients cardiac failure was the most common cause of death 

and accounted for 637. of fatalities, compared with 187. and 407. in previous 

reports (6, 18). 

Although the presenting symptoms were of renal origin in 887. of the AA 

cases, renal insufficiency accounted for death in "only" 357.. It should be 

noticed, however, that 6 AA patients, who have died, received chronic 

intermittent hemodialysis. Strikingly, gastrointestinal involvement (blee

ding, perforation, hepatic failure) was related to death in 187. of the AA 

patients. 

2. 4 Localized amyloidosis: 

Primary localized amyloidosis of the tracheobronchial tree was diagnosed 

in 3 males (age 60-68) and one female (age 42). Presenting symptoms in

cluded dyspnea and hoarseness. Diagnosis was made by histological examina

tion of biopsy specimens obtained at direct laryngoscopy (see Table 12). 

In one patient the amyloid tumor of the upper airway originated from an 

extramedullary plasmacytoma. In another patient with laryngeal amyloidosis 

a diagnosis of macroglobulinemia (IgM kappa) was made; an extensive search 

for the existence of systemic amyloid involvement was negative. 

One patient died of infection distal to bronchial obstruction 4 years 

after diagnosis; another patient survived 10 years and died of malignant 

astrocytoma; septicemia accounted for death in the patient with macroglob

ulinemia. 27 years after diagnosis one patient is in reasonably good 

health; occlusion of the left main bronchus by the amyloid tumor was 

prevented by laser therapy. 

Lichenoid amyloidosis, the most common form of cutaneous amyloid, was 

diagnosed in one patient, who presented with pruritic, non-tender, papules 

involving the lower extremities; evaluation revealed no signs of systemic 

amyloidosis. 
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2.5 Systemic hereditary neuropathic amyloidosis: 

Since the first detailed study by Andrade (106) of a familial amyloid 

neuropathy, varying forms of neuropathy associated with differing patterns 

of systemic organ involvement have been described in a number of kinships 

throughout the world (1). We report here a Dutch family with a type of 

systemic amyloidosis which presents itself with polyneuropathy in the 

fifth and sixth decade of life. The propositus and his younger sister have 

been described in 1967 by Scholten, who recognized the familial character 

of the disease; at that time, however, the mode of inheritance was not 

clear (107 ). We analyzed family records of 102 members from 6 generations 

and found a distribution of amyloid deposition which resembles to a cer

tain extent type I familial amyloidotic neuropathy (108). 

Case report (see Figure 2: IV-35): 

This patient, a 49-year-old regular officer, had a 4 year history of 

watery diarrhea and fecal incontinence. Over the next several years he 

noticed loss of sensation in his legs. He developed an abnormality in gait 

and had difficulty negotiating stairs. He also complained of impotence and 

non-painful pretibial ulcers. 

Neurologic examination revealed absence of temperature, pain and touch 

sensation from the knees down. The upper extremities had slightly dull 

pain and cold sensation up to the wrist. He had absent knee and ankle 

reflexes and decreased triceps and biceps reflexes; he had no plantar 

responses. Muscle strength was decreased in the extensors and flexors of 

the feet. There were no pupillary disturbances, vitreous exudates or 

postural hypotension. Skin ulcers were present in the pretibial region. 

EMG and nerve conduction studies were consistent with severe peripheral 

neuropathy. Routine laboratory studies were unsignificant. The glomerular 

filtration rate was 82 ml/min; there was no proteinuria. Bone-marrow 

examination, immunoelectrophoresis of serum and of lOOx concentrated urine 

revealed no monoclonal spike. Electrocardiographic and echocardiographic 

studies were normal. Gastrointestinal X-ray studies showed markedly de

creased motility of the small intestine. Biopsy of the rectum showed 

amyloid deposition when stained with Congo red and viewed under polariza

tion microscopy. 
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Genetic information (see Figure 2): 

The family is not known to have any Portuguese, Japanese or Swedish 

ancestry. The greatgrandmother (I-1) as well as the grandmother (II-1) of 

the patient (IV-35) suffered from "leg ulcers" ; both died at age 58 of 

cachexia. In the next generation two persons (III-5, III-9) died with a 

diagnosis of amyloidotic neuropathy at age 65 and 72. Patient III-6 died 

at age 51 in a car accident. In a brother (IV-36) of the patient amyloid 

neuropathy was diagnosed at age 35 ; another brother (IV-34) complains of 

decreasing sensation in the feet and hands and instable gait, but declined 

evaluation. Two cousins aged 55 and 60 (IV-21, IV-24) have evidence of 

neuropathy (diarrhea, unstable gait, sensory loss). 

Comments: 

The initial picture in our family resembles the Portuguese type of amyloi

dotic polyneuropathy. In FAP type I, however, the onset of the symptoms is 

in the second and third decade, whereas in our patients manifestations of 

the disease occurred after the age of 40 in all but one subject. A late 

onset, being a part of the clinical picture of FAP type I, was observed by 

Lima, who noted that in 12. 57. of the patients the clinical picture ap

peared after the age of forty; a significant number of these patients 

belong to families in which the late onset cases predominate (109). 

The most frequent modes of presentation of FAP type I are distal pares

thesia, followed by distal sensory and motor impairment, especially of the 

lower limbs. Gastrointestinal disturbances and impotence are common initi

al complaints. Non-painful ulcers reflect an impairment of pain sense that 

is not always noted by the patient. Generally in the last stage of the 

disease a few extraneurological disturbances are found, namely protein

uria, bone erosions, amyloid deposits in the vitreous body and cardiac 

alterations. Mean survival is 11 years, but the later onset forms might 

have a more benign course. 

Combining the subjects with a presumptive diagnosis of amyloidosis and 

those with biopsy proven amyloidosis suggests an autosomal dominant mode 

of inheritance in this family. 
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CHAPTER 3 

CLINICAL , PATHOLOGICAL AND LABORATORY FEATURES 

OF AMYLOID NEPHROPATHY 





Chapter 3: Clinical, pathological and laboratory features of amyloid 

nephropathy. 

3. 1 Introduction: 

Impairment of renal function due to amyloid deposition constitutes a major 

problem both in amyloidosis associated with chronic inflammatory condi

tions (AA amyloidosis) and in amyloidosis secondary to immunocyte-deriyed 

abnormalities in protein synthesis (AL amyloidosis) (1-5). Whereas nephro

pathy is the main clinical problem in systemic AA amyloidosis, the clini

cal picture in systemic AL amyloidosis is generally more diverse, compris

ing involvement of the heart, the nervous system, the liver and spleen, 

and the gastrointestinal tract (5). 

The clinical reliance of the signs, symptoms and laboratory findings in 

amyloid nephropathy lacks the required specificity for an exact diagnosis. 

Circumstantial evidence, e.g. a positive rectal biopsy in the presence of 

clinically apparent nephropathy, often leads to a diagnosis of renal 

amyloidosis. The ultimate proof of amyloid nephropathy, however, relies on 

the demonstration of amyloid deposition in the kidneys. Little is known 

about the possible differences between AA and AL nephropathy. 

The purpose of this retrospective study is to establish the clinical 

characteristics and the subsequent course of amyloid nephropathy of a well 

defined group of amyloidotic patients, in whom a renal biopsy was perform

ed. 

3. 2 Patients and methods: 

All case records on patients with systemic amyloidosis, in whom a renal 

biopsy was performed, were reviewed. Renal biopsy specimens were obtained 

from 61 patients with systemic amyloidosis; 3 had to be excluded because 

of insufficient data, whereas adequate information was present in 58 

patients. 

In 56 patients a concomitant rectal biopsy was available. After staining 

with Congo red (6) tissue specimens were examined for green birefringence 

by polarizing microscopy. Special attention was payed to the presence or 

absence of submucosa in the rectal biopsy specimens. 
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In all patients the effect of incubation with potassium permanganate 

(KMn04) on the affinity for Congo red was investigated (7-8). A careful 

search was made for the presence of a monoclonal component (M-component), 

including serum immunoelectrophoresis and immunoelectrophoresis of con

centrated urine. 

Hypertension was defined as a diastolic blood pressure higher than 90 mm 

Hg. 

Both the degree of proteinuria (g/24 hrs) and the endogenous creatinine 

clearance (ml/min) were determined over 24 hourly periods. The selectivity 

of urinary protein excretion was calculated as the ratio of the immuno

globulin G clearance versus the transferrin or albumin clearance (x 1 00%). 

Hematuria was said to be present when more than 5 red blood cells per high 

power field were seen in a concentrated specimen of freshly passed urine. 

Kidney size was measured on plain anteroposterior abdominal radiographs or 

intravenous urograms and was defined as the mean of the right and left 

kidney length. 

Standardized coagulation tests included bleeding time, prothrombin time, 

activated partial thromboplastin time and measurement of the levels of 

antithrombin III. 

Wilcoxon's ranksum test, Spearman's ranksum test and logrank test were 

used for statistical analysis of the data. All data were obtained at the 

time of renal biopsy. If not stated otherwise the results concern only 

those patients, in whom the presence of renal amyloidosis was histologi

cally confirmed. 

3. 3 Results: 

3.3.1 Kidney and rectum biopsies, coagulation tests: 

Data concerning the associated disease, the histochemical classification 

and the results of renal and rectal biopsies are given in Table 1 and 2. 

In 1/46 AA and 1/11 AL patients no rectal biopsy material was available. 

Amyloid deposits were KMn04 sensitive (AA) in 46 patients and KMn04 resis

tant (non-AA) in 12 patients. In 11/12 patients with KMn04 resistant 

amyloid deposits the presence of a monoclonal component could be demon

strated (AL); in 1 patient a diagnosis of familial amyloidotic polyneuro

pathy (FAP) was made. 
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Table l: Clinical and histochemical classification of 58 patients 
with systemic amyloidosis, in whom a renal biopsy was performed. 

ASSOCIATED 
DISEASE 

NO 
PAT 

M-comp AMYLOID 
PROTEIN 

================================================================ 

Rheumatoid arthritis 24 sens AA 
Recurrent pulmonary infections 7 sens AA 
Crohn's disease 5 sens AA 
Ankylosing spondylitis 2 sens AA 
Osteomyelitis 1 sens AA 
Familial Mediterranean fever 1 sens AA 
Recurrent abscesses 1 sens AA 
None 5 sens AA 

1 res TTR 
Multiple myeloma 1 BJk res AL 

3 BJ! res AL 
1 IgGk res AL 
1 IgGl res AL 

Monoclonal gammopathy 1 BJk res AL 
2 BJ! res AL 
1 IgGl res AL 
1 IgAk res AL 

TTR= transthyretin, BJ= Bence-Jones protein , k= kappa , l= lambda 
sens= KMno4 sensitive , res= KMn04 resistant - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Amyloid deposits could be demonstrated in renal biopsy specimens of 43/46 

AA and 11/12 non-AA patients (10 AL, 1 FAP ) (see Table 2). In 50 patients 

the renal biopsy was performed within 6 months after the initial diagnosis 

of amyloidosis; in the remaining patients (7 AA and 1 AL) time interval 

between the initial diagnosis and the renal biopsy ranged from 7 to 98 

months. In spite of a positive rectal biopsy the renal biopsy did not show 

amyloid deposition in 3 patients with rheumatoid arthritis , but instead 

local focal glomerulonephritis (considered to be an extraarticular mani

festation of rheumatoid arthritis) in two patients, and membranous glome

rulopathy (considered to be due to the use of d-penicillamine) in a third 

patient. Interstitial nephritis without evidence of amyloid deposition was 

seen in l patient with multiple myeloma, despite a positive rectal biopsy. 

No amyloid could be demonstrated in rectal biopsies of 10/45 AA and 2/10 

AL patients. In 3 out of these 12 cases this could possibly be attributed 

to inadequate biopsy material (i.e. lacking submucosa). 7/10 negative 

rectal biopsies in the AA group and 2/2 negative rectal biopsies in the AL 

group, however, were appropriate with regard to the presence of submucosa. 
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Table 2: Results of kidney and rectum biopsies in 58 patients 
with systemic amyloidosis. 

TYPE OF NO ( 7. )  KIDNEY + KIDNEY + KIDNEY - KIDNEY + 
AMYLOID PAT RECTUM + RECTUM - RECTUM + RECTUM NP 
========================-==========---=====-=------=----------

AA 46 (100) 32 (69) 10 (22) 3 ( 7 )  1 (2) 

AL 1 1  (100) 7 (64) 2 (18) 1 (9) l (9) 

FAP l (100) l (100) 0 (0) 0 (0) 0 (0) 

TOTAL 58 (100) 40 (69) 12 (21) 4 ( 7 )  2 (3) 

NP= not peformed 

No major bleeding problems related to biopsy procedures were observed. 

Results of standardized coagulation tests were available in 27 patients. 

In patient the activated partial thromboplastin time was prolonged due 

to factor IX and XII deficiency. In the remaining patients the results of 

coagulation tests were within the range of normal values. 

3. 3. 2 Sex and age: 

There were 26 (19 AA, 6 AL, 1 FAP) male and 28 (24 AA, 4 AL) female sub

jects with biopsy proven renal amyloidosis. The median age at the time of 

diagnosis was 58 years in the AA (range 18-77) and 52 years in the AL 

patients (range 42-67) (AA versus AL P>0. 05). 

3. 3. 3 Presenting symptom and initial site of biopsy: 

Data concerning the presenting symptom and the site of biopsy on which the 

initial diagnosis of amyloidosis was made are given in Table 3. The median 

duration of the time between the occurrence of the presenting symptom and 

diagnosis was 2 months both in the AA (range 0-36) and the AL patients 

(range 0-22) (AA versus AL P>0. 05). The median time between the moment the 

associated disease was diagnosed and the diagnosis of amyloidosis was 203 

months for the AA (range 47-437) and O months for the AL group (range 0-

12) (AA versus AL P<0. 01). 
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Table 3: Presenting symptom and initial site of 
biopsy in 53 patients (43 AA and 10 AL) with 
biopsy proven renal amyloidosis. 

PRESENTING SYMPTOM AA+AL AA AL 
====================================•========== 

Proteinuria 
Renal function 
Hematuria 
Bleeding 
Cardiac failure 
Neuropathy 
Diarrhea 
Ascites 

INITIAL 

Rectum 
Kidney 
Liver 

SITE OF 

loss 

BIOPSY 

3. 3. 4  Hypertension and hematuria: 

38 
7 

1 
3 
1 
1 
1 
1 

AA+AL 

31 
20 

2 

33 
7 

1 
2 
0 
0 
0 
0 

AA 

24 
18 

1 

5 
0 
0 
1 
1 
l 
1 
1 

AL 

7 
2 
1 

Hypertension was present in 11  patients (8/43 AA, 3/10 AL). The presence 

or absence of an elevated blood pressure did not correlate with renal 

function loss (P>0. 05). 

Isolated hematuria was found in 10 patients (9 AA, 1 AL) and was the 

presenting symptom in 1 AA patient. 

3. 3.5 Creatinine clearance, degree and selectivity of proteinuria, serum 

albumin level and kidney size: 

Data concerning creatinine clearance, proteinuria, serum albumin and 

kidney size are summarized in Table 4. Creatinine clearance was less than 

10 ml/min in 8 AA patients at the time of renal biopsy (Figure 1). 

Proteinuria tended to be more massive in the AL (median 8. 5 g/24 hrs; 

range 5-22) than in the AA patients (median 5 g/24 hrs; range 0-20) 

(P<0. 01) (Figure 1). 
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Table 4: Characteristics at the time of kidney biopsy in 53 pa
tients with histologically proven amyloid nephropathy. 

PARAMETER 

Clearance 
(ml/min) 

Proteinuria 
( g/24 hrs) 

Serum albumin 
(g/1) 

Selectivity of 
proteinuria (%) 

Kidney size 
( cm) 

NO PAT 
AA/AL 

43/10 M 
R 

43/10 M 
R 

43/10 M 
R 

32/ 9 M 
R 

41/ 8 M 
R 

M= median value; R= range. 

AA+AL 

so 
2-175 

6 
0-22 

23 
10-38 

20 
8-53 

13 
8-15.5 

AA 

45 
2-175 

5 
0-20 

24 
12-38 

20 
8-53 

12. 5 
8-15. 5 

AL 

54 
12-106 

8. 5 
5-22 

23 
10-35 

1 2  
9-40 

13 
11. 5-14 

AA-AL 

P>0. 05 

P<0. 01 

P>0.05 

P>0.05 

P>0. 05 

Figure 1: Creatinine clearance and proteinuria in 54 patients with biopsy 
proven renal amyloidosis. 
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As may be expected serum albumin levels showed a negative correlation with 

the urinary protein excretion (R=-0. 6537, P<0.01).  

Proteinuria > 5 g/24 hrs was present in 907. of the AL and 497. of the AA 

patients. Two AA as well as the FAP patient presented with no or minimal 

(<0. 5 g/24 hrs) proteinuria. There was no significant correlation (P>0. 05) 

between the degree of urinary protein excretion and the creatinine clear

ance (Figure 1). 

In 597. of the patients proteinuria appeared to be selective (selectivity

index � 207.) at the time of renal biopsy. There appeared to be a negative 

correlation between the selectivity-index of the proteinuria and the 

creatinine clearance (R=-0.8002, P<0. 001) (Figure 2). No significant 

correlation was found between the degree and the selectivity of the pro

teinuria (p> 0 . 05). 

A positive correlation was observed between kidney size and renal function 

(R=+0.5505, P<0.001) (Figure 3). In 1 patient a marked increase (13-20 cm) 

in kidney size was observed which appeared to be due to (autopsy-proven) 

bilateral renal vein thrombosis. 

3. 3.6 Course and prognosis: 

Follow-up information 

study (December 1984) 

was obtained in all patients. At the end of this 

28/43 AA and 9/10 AL patients had died (Table 5). 

Among the AA patients, who were not treated with regular hemodialysis, 

renal failure was the most common cause of death (557.). Cardiac failure 

accounted for 447. of the fatalities in the AL group. The 507. survival 

period from the time of diagnosis was 49 months in the AA and 8 months in 

the AL patients; the one-year survival appeared to be 307. in the AL and 

887. in the AA group (Figure 4). From 6 months on, survival was higher in 

the AA than in the AL group (P<0.05). 

Advanced renal insufficiency was treated with regular hemodialysis or 

renal transplantation in 12 patients (10 AA, 2 AL). Eleven patients (9 AA, 

2 AL) were treated with chronic in-center hemodialysis, while 2 AA pa

tients have had a renal transplantation (in 1 without prior hemodialysis). 

The median age at entry into a regular hemodialysis schedule was 47 years 

(range 26-75). 
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Table 5: Cause of death in 37 patients (28 AA and 9 AL) with 
renal biopsy proven amyloidosis. 

CAUSE of DEATH 

Renal insufficiency 
Cardiac failure 
Myocardial infarction 
Infection 
Perforated diverticula 
Nephrotic syndrome 
Bleeding 
Hepatic failure 
Stroke 
Carcinoma 
Unknown 

NO HEMODIALYSIS 
(N=30) 

AA+AL AA 

13 
4 
2 
2 
3 
1 
1 
1 
1 
1 
1 

12 
a 
2 
2 
3 
0 
0 
0 
1 
1 
1 

AL 

1 
4 
0 
0 
0 
1 
l 
1 
0 
0 
0 

HEMODIALYSIS 
(N=7) 

AA+AL 

0 
0 
1 
2 
1 
0 
2 
0 
0 
0 
1 

AA 

0 
0 
1 
2 
1 
0 
1 
0 
0 
0 
1 

AL 

0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 

The median ( 507. ) survival after diagnosis was 133 months in the renal 

function replacement group, compared with 29 months in the "untreated" 

group (Figure 5). From 1 7  months after histological diagnosis survival was 

significantly better in the hemodialysis/renal transplantation group. The 

composition of both groups with regard to relative number of AL patients , 

initial creatinine clearance and initial urinary protein loss was essen

tially the same . Graft survival at the end of the study was 24 and 65 

months respectively in the renal allograft recipients. 

3. 4 Discussion: 

The diagnosis of amyloidosis requires histological identification of 

amyloid deposits in biopsy specimens. The rectum is considered the best 

site for a diagnostic biopsy and is reported to be positive in 75-987. of 

cases ( 3, 9-11). 

The correlation between the results of rectal and renal biopsies is uncer

tain (11, 12). Our results indicate that the sensitivity of the rectal 

biopsy as a predictor of renal involvement is 757. , provided that submucosa 

is present. In 4 patients (3 AA , 1 AL) the results of rectal biopsy may be 

considered false positive because the renal biopsy showed other lesions 

than amyloid deposits. In other words the result of appropriate (submucosa 
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containing) rectal biopsy is not conclusive with regard to renal involve

ment and a kidney biopsy should be considered on suspicion of renal amy

loidosis, particularly in patients with rheumatoid arthritis. 

Bleeding even in the absence of abnormalities of clotting tests is com

monly encountered in amyloidosis and is thought to be due to amyloid 

infiltration of blood vessels (1 3, 1 4).  There was, however, no procedure

induced hemorrhage in our group of patients. Deficiency of factor IX and 

XII occurred in 1 patient and could be explained by urinary loss due to 

the nephrotic syndrome (15). We consider both rectal and renal biopsy to 

be safe diagnostic procedures in patients suspected of amyloidosis. 

The absence of hypertension and the frequent occurrence of hypotension in 

amyloidotic patients has been overemphasized in the literature (15-25) and 

may be explained by the state of cachexia and de�ydration in patients with 

tuberculosis, which was the most common cause of amyloidosis in early 

series (16, 24, 25). Autonomic neuropathy or cardiac amyloid infiltration 

may be responsible for the relatively frequent occurrence of hypotension 

in AL amyloidosis (5). The frequency of hypertension in our patients is 

comparable with the results of later reports (19, 20 ). 

Proteinuria is considered to be an invariable feature in the course of 

amyloid disease and is reported to be the presenting feature in approxi

mately 707. of cases (3, 4, 17, 23, 26, 27). In our series 407. of the AA 

and 907. of the AL patients had urinary protein excretion in the range of 

nephrotic syndrome at the time of diagnosis. It should be noted, however, 

that in 67. no significant proteinuria was found. This may be explained by 

predominantly vascular amyloid deposition in the kidneys (28). There was 

no correlation between the amount of urinary protein loss and renal func

tion . It should be noted that even in advanced renal failure proteinuria 

may be still massive. The degree of proteinuria was generally higher in 

the AL patients. This may due to regular examination of urine for protein

uria, particularly in patients with rheumatoid arthritis, resulting in an 

early diagnosis of AA amyloidosis (26); the creatinine clearance at the 

time of diagnosis, however, appeared to be the same in both groups. A 

second possible explanation may be the fact that amyloid of the AL type is 

an unexpected finding in 107. of elderly patients with unexplained nephro

tic syndrome (29). Thirdly, the presence of Bence-Jones proteinuria may 

significantly add to the amount of protein excretion . Unfortunately, 
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quantitative data on the urinary excretion of Bence-Jones proteins were 

not available. 

Proteinuria is generally considered to be moderately or poorly selective 

in renal amyloidosis, although selective proteinuria has been reported 

occasionally (3, 27, 30). Our results indicate that proteinuria may initi

ally be selective and then become non-selective with progression of renal 

function loss. The exact mechanism for proteinuria in amyloid nephropathy 

and the negative correlation between the selectivity-index of the protein

uria and the creatinine clearance is not understood. One may assume that 

glomerular deposition of amyloid fibrils intervenes with the size-selec

tivity and charge-selectivity of the glomerular wall, thereby causing a 

proteinuric state (31, 32). 

There still is considerable debate on the question whether kidney size is 

increased in renal amyloidosis (17, 22, 33, 34). In our group of patients 

kidney size showed a distinct positive correlation with renal function. 

Enlargement of the kidneys at the time of renal biopsy was encountered in 

one patient with bilateral renal vein thrombosis, which is a well known 

complication of renal amyloidosis (35). 

In the current study median survival was 49 months for the AA and 8 months 

for the AL patients, which figures are comparable with those of previous 

reports (3, 5, 36). Although in both the AA and AL patients the most 

frequent presenting symptom was of renal origin, the major cause of death 

in the AL group was cardiac failure. Renal failure accounted for the cause 

of death in 557. of the AA patients, who were not treated with hemodialy

sis. 

There is little information in the literature concerning the effect of 

renal replacement therapy on the prognosis of amyloidotic patients (36, 

37). Of interest is our finding that patients who received renal replace

ment therapy had a better prognosis than those who did not. Comparison of 

both groups with regard to the number of AL patients, initial creatinine 

clearance and proteinuria did not reveal significant differences. The 

patients who underwent hemodialysis or renal transplantation were general

ly of younger age than those who did not (P<0. 0 1) .  Another explanation for 

the difference in survival between these two groups might be the fact that 

the "untreated" group comprised all AL patients who died of heart failure 

early in the course of their disease. But even when the AL patients in the 
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"untreated" group are omitted from analysis, survival is still signifi

cantly better in the renal replacement therapy group (Figure 5). The 5-

year survival from the 

respectively of treatment 

onset of renal replacement therapy was 437., 

modality and 347. for those who underwent 

ir

in-

center hemodialysis. Patient survival rates after entry into a renal 

replacement therapy schedule are comparable with those of subjects, who 

undergo hemodialysis because of renal insufficiency due to diabetic neph

ropathy (38, 39). 

3.5 In conclusion: 

1. In amyloidosis the result of appropriate (submucosa containing) rectal 

biopsy is not conclusive with regard to renal involvement. 

2. A renal biopsy should be considered on suspicion of renal amyloidosis, 

particularly in patients with rheumatoid arthritis. 

3. We consider both rectal and renal biopsy to be safe diagnostic proce

dures in patients suspected of amyloidosis. 

4. Hypertension is not an infrequent finding in amyloid nephropathy. 

5. In amyloid nephropathy proteinuria initially tends to be selective and 

becomes non-selective with progression of renal function loss. 

6. Enlarged kidneys are not a common feature of amyloid nephropathy; 

kidney size appears to correlate with renal function, with small kid

neys being a regular finding in advanced renal failure. 

7. Renal replacement therapy might alter the course and prognosis favoura

bly in amyloid nephropathy, although survival rates after entry into a 

renal replacement therapy are relatively low, compared to a general 

hemodialysis population. 
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Chapter 4: Renal tubular function : a predictor of interstitial damage in 

amyloid nephropathy ? 

4. 1 Introduction: 

Renal involvement occurs frequently in both AA and AL amyloidosis and is a 

major cause of morbidity and mortality (1-3). Renal insufficiency has been 

attributed primarily to glomerular amyloid deposits (4, 5). Although 

glomeruli are almost invariably affected in amyloidosis, renal failure 

seems to develop, however, not only as a result of glomerular amyloid. 

Even in severe glomerular amyloidosis renal function, measured by creati

nine clearance, may be only slightly disturbed (6, 7). This may be ex

plained by the reserve capacity of the glomerulus (8). 

Mackensen et al. , who first investigated the relation between renal insuf

ficiency and both glomerular and interstitial factors, concluded that the 

degree of interstitial fibrosis is more important for renal function than 

glomerular changes (9).  They explained renal decompensation by reduction 

of the cross-sectional area of the postglomerular vessels by interstitial 

fibrosis, the consequent slowing of blood flow leading to a diminished 

clearance by predamaged glomeruli. 

Tornroth et al. pointed to the importance of vascular amyloid deposition, 

a parameter not studied by Mackensen. They found that vascular amyloi

dosis, interstitial fibrosis with concomitant tubular atrophy, and glome

rular hyalinization correlated with the degree of renal insufficiency, 

whereas there was no clear correlation between glomerular amyloid and 

renal failure (10). They concluded that renal failure probably does not 

develop mainly as a result of glomerular amyloidosis but of vascular 

amyloid deposition, which leads to hyalinization of glomeruli and inter

stitial fibrosis, the latter showing a distinct correlation with the 

degree of renal function loss (9-12). 

Scintigraphy with 99�c-dimercaptosuccinate (99�c-DMSA) is used to assess 

renal morphology and relative function of each kidney (13). Van Luijk et 

al. observed a markedly reduced renal uptake of the radiopharmaceutical in 

patients with proximal tubular dysfunction, which appeared to be due to an 

accelerated renal loss of 99nl.rc-DMSA. Further quantitative studies showed 
99m... that the clearance of Tc-DMSA represents (proximal) tubular function 
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and may be disturbed (elevated) in interstitial nephritis and fibrosis 

(14-16). 

The purpose of this study was to establish the efficacy of the clearance 

of 99�c-DMSA as a non-invasive test for the degree of tubulopathy and 

concomitant interstitial fibrosis in renal amyloidosis. 

4.2 Patients and methods: 

Twenty-nine patients with systemic amyloidosis were studied. The diagnosis 

of amyloidosis was histologically confirmed by the apple-green birefrin

gence with polarized light after staining of the biopsy specimens with 

Congo red (17). The effect of incubation with potassium permanganate 

(KMnO4) on the affinity for Congo red was investigated in all patients and 

was used to classify them histochemically according to the amyloid protein 

involved (18). 

Renal biopsies were obtained in 25 patients (20 AA, 5 AL). The renal 

tissue specimens were processed routinely and stained with hematoxylin and 

eosin, periodic acid Schiff, Jones ' periodic acid, methenamine silver and 

Congo red. All biopsy specimens contained more than 5 glomeruli. The 

degree of interstitial fibrosis was assessed semiquantitatively in those 

patients , in whom the renal biopsy was taken at the time of the renal 

function tests mentioned below (N=22). The degree of interstitial fibrosis 

was classified as follows: 0= absent, l= mild, 2= moderate and 3= severe. 

Glomerular filtration rate (GFR), effective renal plasma flow (ERPF) and 

clearance of 99�c-DMSA were determined on 45 occasions. Direct measure

ment of GFR (ml/min) and ERPF (ml/min) was achieved by simultaneous deter

mination of 125r-sodium iothalamate and 131 r-sodium hippurate clearances, 

using a method described previously (19). 
99�c-DMSA was prepared according to the manufacturer's instructions (Byk

Mallinckrodt GIL, Petten, The Netherlands). The clearance of 99�c-DMSA 

was determined at the same time as GFR and ERPF, using a continuous infu

sion, thereby providing a constant blood level (15). The administered dose 

of 99�c-DMSA was 18 MBq. 

A well-type counter was used to measure the radioactivity of serum and 

urine samples. Because of its short half-life (6 hrs) 99�c was counted 

inunediately after the procedure, with correction for the 131r counts in 
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99m_ 99m_ 125 131 the Tc window. After decay of Tc, I and I were counted apply-

ing a correction for the 131I counts in the 125I window. 

The relative clearance of 99°1Tc-DMSA is expressed as the ratio of the 
99"1Tc-DMSA to the 125I-sodium iothalamate clearance x 1007. (normal value < 

157.) (16). 

On 34 occasions �2-microglobulin levels in serum and urine (pH > 5. 8) were 

determined, using a radioimmunosorbent technique (20). Serum and urine 

creatinine levels were measured by standard automated analysis. The rela

tive clearance of �2-microglobulin is calculated as the ratio of the �2-

microglobulin clearance to the creatinine clearance x 1007. ( normal value 

0. 01-0. 137.). 
99�c-DMSA clearances 

interstitial diseases 

of 15 patients with a decreased GFR due to non

( IgA nephropathy, focal segmental glomerulosclero-

sis, glomerulonephritis) served as controls. 

Statistics: Spearman's ranksum test and Wilcoxon's ranksum test were used 

for statistical analysis of the data. 

4. 3 Results: 

Clinical and histochemical data, together with the results of renal biop

sies and renal function tests, are summarized in Table 1 and 2. If not 

stated otherwise, only the data of patients with biopsy proven renal amy

loidosis were used for statistical analysis . It is of interest to note 

that in 3 patients the renal biopsy showed other lesions than amyloid 

deposition despite a positive rectal biopsy (membranous glomerulopathy 1 

case, local focal glomerulonephritis 2 cases). 

In the patients with amyloid nephropathy the relative clearance of 99°1Tc

DMSA and �2-microglobulin was increased in 867. and 757. respectively. In 

the control patients the relative clearance of 99°1Tc-DMSA was less than 

167. irrespectively of renal function (median value GFR 28; range 16-43). 

In the patients with biopsy proven renal amyloidosis there appeared to be 

a negative correlation between the GFR on the one hand and both the 

relative clearance of 99"1Tc-DMSA (R=-0. 6826, P<0. 001) and �2-microglobulin 

(R=-0. 6125, P<0. 01) on the other hand (see Figure 1 and 2). Patients, in 

whom the renal biopsy showed other lesions than amyloid deposits, despite 
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a positive rectum biopsy, had normal values of a2-microglobulin and 99"Tc

DMSA clearances (Table 2). 

Table 1: Clinical, histochemical and renal biopsy data of 29 patients with 
histologically proven amyloidosis. 

ASSOCIATED 
DISEASE 

Rheumatoid arthritis 
Recurrent pulmonary infections 
Ankylosing spondylitis 
Crohn ' s  disease 
Infected burns 
Monoclonal gammopathy 
Multiple myeloma 
FAP 

KMn04 

sens 
sens 
sens 
sens 
sens 
res 
res 
res 

AMYLOID NO RENAL BIOPSY 
PROTEIN PAT POS NEG NP 

AA 17 
AA 2 
AA 1 
AA 1 
AA 1 
AL 5 
AL 1 

TTR 1 

1 3  
1 
1 
1 
1 
4 
1 

3 1 
1 

FAP= familial amyloidotic polyneuropathy, TTR= transthyretin, sens= KMn04 sensitive, res= KMn04 resistant, NP= not performed. 

Table 2 : Results of 99"Tc-DMSA and a2-microglobulin clearance studies in 
29 patients with histologically proven amyloidosis. 

RELATIVE CLEARANCE OF 99�c-DMSA: 

AM PROT 
RESULT KB : 
RESULT RB : 

NO PAT 
NO TESTS 
DMSA 7. 

GFR ml/min 

M 
R 
M 

R 

AA 
POS 
POS 

17  
30 
26 
10-47 
17 
8-101 

AA 
NEG 
POS 

3 
5 
14 
9-16 
44 
31-53 

AA 
NP 
POS 

2 
3 
25 
24- 27 
1 2 
8- 18  

AL 
POS 
POS 

5 
5 
27 
17-35 
29 
15- 107 

RELATIVE CLEARANCE OF �2-microglobulin : 

AM PROT AA AA AA 
RESULT KB: POS NEG NP 
RESULT RB : POS POS POS 

NO PAT 16 2 1 
NO TESTS 24 3 1 
13-2-M 7. M 1. 5 0.08 44 

R 0.01-57 0. 03-0.11 44 
GFR ml/min M 23 44 8 

R 8-101 38-52 8 
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AL 
NEG 
POS 

AL 
POS 
POS 

4 
4 
5.8 
0. 03-10.8 
38 
15-107 

AL FAP 
NP NP 
POS POS 

1 1 
1 1 
38 14 
38 14 
4 82 
4 82 

AL 
NEG 
POS 

AL 
NP 
POS 

1 
1 
85 
85 
4 
4 

CONTROL 
NP 
NP 

15 
15 
13 
8-15 
26 
16-42 

FAP 
NP 
POS 

1 
1 
0. 01 
0. 01  
82 
82 
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Figure 1: Relative clearance of 99m.rc-DMSA in amyloid §g�hropathy versus 
control group (P<0. 01). Relative clearance of "'Tc-DMSA and GFR 
in patients with (R= -0. 6826, P<0. 001) and without amyloid neph
ropathy; KB=kidney biopsy, RB=rectum biopsy, NP=not performed. 

Figure 2: Relative clearance of �2-microglobulin and GFR in patients with 
histologically proven amyloidosis; KB= kidney biopsy, RB= rectum 
biopsy, NP= not performed. 
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Explanation of abbreviations Table 2: 
AM PROT= amyloid protein, FAP= familial amyloidotic polyneuropathy, KB= 
kidney biopsy, RB= rectum biopsy, NP=9§ot performed, M= median value, R= 
range, DMSA 7.= relative clearance of "'rc-DMSA, �-2-M 7.= relative clea
rance of �2-microglobulin. 
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related to the degree of interstitial fibrosis. 

The median serum radioactivity of 99"-rc-DMSA was 17000 c/ml (range 1000-

73000) in the control patients versus 3000 c/ml (range 1000- 151000) in the 

amyloid patients (P>0. 05). The median filtered load of 99"-rc-DMSA (GFR x 

serum 99"-rc-DMSA activity) appeared to be 70000 c/min (range 22000-

5858000) in the amyloidotic subjects and 391000 c/min (range 37000-

2847000) in the controls (0. 02<P<0. 05). 

4. 4 Discussion: 

In renal amyloidosis, the degree of renal function loss appears to be 

correlated with the degree of hyalinization of glomeruli and interstitial 

fibrosis, which in turn parallels the degree of vascular amyloid deposi

tion. Tubular atrophy is a frequent finding and occurs in those cases with 

increased interstitial fibrosis. 

Renal tubular function has not been studied on any large scale in amyloi

dosis. Clinically evident tubular dysfunction has been reported in single 

patients and comprises vasopressin resistant polyuria, renal tubular 

acidosis , aminoaciduria and a reduced threshold for glucose (21-26) . It is 

uncertain how often tubular dysfunction would be found, if systematically 

sought for. 

The present study was undertaken to establish tubular function in renal 

amyloidosis and to determine whether tubular dysfunction correlates with 

the degree of interstitial damage. To achieve this purpose we performed 
99"-rc-DMSA clearance studies according to a method described previously 

(14, 15). 

The results of 99"-rc-DMSA clearance studies in patients with proximal 

tubulopathy indicate that the "normal" renal pathway of 99"-rc-DMSA con

stitutes of glomerular filtration and subsequent tubular reabsorption of 

the radiopharmaceutical (15).  An accelerated urinary excretion of 99"-rc

DMSA indicates proximal tubular dysfunction. The presence of an increased 



clearance of 99m.rc-DMSA in the majority of our patients, together with the 

simultaneous finding of a quantitative association with an increased 

clearance of a2-microglobulin points to distinct tubular dysfunction in 

renal amyloidosis. The degree of renal function loss measured by the GFR 

appeared to be correlated with the excretion of 99m.rc-DMSA. 

The possibility that the elevated urinary excretion of both 99m.rc-DMSA and 

a2-microglobulin does not occur as a result of impaired reabsorption due 

to tubular dysfunction, but is caused by exceeding the tubular reabsorp

tion capacity in the presence of a high filtered load ("overflow"), deser

ves serious consideration. 

The elevation of urinary a2-microglobulin excretion has, indeed, to be 

considered with caution in case of a disturbed renal function (27, 28). 

When GFR falls below 35-40 ml/min, a2-microglobulinuria may result from an 

increased load and may not represent tubular dysfunction sec. It is con

ceivable that in our group of patients, most of whom had a moderately or 

severely decreased GFR, the elevated urinary excretion of a2-microglobulin 

cannot be explained by the mere presence of a tubular defect. 

Is the same true for the urinary excretion of 99m.rc-DMSA ? The relative 

clearance of 99m.rc-DMSA in patients with renal amyloidosis was signifi

cantly increased (P<0. 01) in comparison with the control patients with 

nephron loss due to primarily glomerular diseases. However, there was no 

statistically significant difference (P>0. 05), in renal function loss 

between these two groups. As the serum radioactivity of 99m.rc-DMSA was the 

same in the amyloidotic and the control patients, it is unlikely that an 

elevated excretion of 99m.rc-DMSA in the former is caused by overflow. 

Moreover, the filtered load of the radiopharmaceutical was probably even 

less (0. 02<P<O. OS) in the amyloid patients compared with the controls. 

Further supportive evidence was obtained from the results of patients in 

whom the renal biopsy showed other lesions than amyloid deposition in 

spite of a positive rectal biopsy; the relative 99m.rc-DMSA clearances in 

these patients were within the range of normal values. Finally, in 

patients with congenital proximal tubular dysfunction and normal GFR, an 

elevated relative clearance of 99m.rc-DMSA has been reported (16). 

We therefore assume that the elevated urinary excretion of 99m.rc-DMSA in 

renal amyloidosis is probably due to impairment of tubular function and 

not to overflow. 
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Table 3: Relative clearance of 99"Tc-DMSA and 
glomerular filtration rate with respect to the 
degree of interstitial fibrosis as observed in 
renal biopsy specimens. 

No pat 
Rel Cl DMSA i. 
GFR ml/min 

INTERSTITIAL FIBROSIS (GRADE) 
0 1 2 3 

1 
10  
100 

4 
20±4 
43±12 

7 
22±7>< 
29±16 

10 
34±7>'< 
16±8 

Values as mean ± standard deviation ; §g p<0. 01. 
Rel Cl DMSA i.= relative clearance of 11\j:c-DMSA 

Although the number of patients in whom renal biopsy data could be com

pared with concomitant 99"Tc-DMSA excretion is small, the results clearly 

indicate a correlation between the degree of interstitial fibrosis and the 

relative clearance of 99"Tc-DMSA (Table 3). 

4.5 In conclusion: 

1. Proximal tubular dysfunction, measured by the relative clearance of 
99mTc-DMSA, is a frequent finding in amyloid nephropathy. 

2. In amyloid nephropathy renal tubular dysfunction correlates with the 

degree of interstitial damage. 

3. The relative clearance of 99"Tc-DMSA might be a useful non-invasive 

test to establish the degree of interstitial damage in renal amyloi

dosis. 
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CHAPTER 5 

IMMUNOPEROXIDASE FINDINGS IN RENAL AMYLOIDOSIS : 

COMPARISON WITH THE RESULTS OF THE POTASSIUM PERMANGANATE METHOD 





Chapter 5: Immunoperoxidase findings in renal amyloidosis. Comparison with 

the results of the potassium permanganate method. 

5. 1 Introduction: 

Ever since Virchow described the iodine-sulfuric acid coloration of amy

loid deposits, there has been controversy about the specificity and selec

tivity of different staining techniques (1, 2). At present there is agree

ment to define amyloid deposits histologically by the green polarization 

color after staining with Congo red, which is a planar diamino, disulfonic 

acid dye (3). Binding affinity for Congo red is a common characteristic of 

all types of amyloid. The optical and tinctorial properties of amyloid can 

be explained by the physical structure of the amyloid fibril protein. The 

planar Congo red dye molecules fit into the grooves of twisted, paired 

amyloid filaments (see Figure 1,  p 5), which possess a �-pleated sheet 

conformation (4). The binding of the dye molecules is based on van der 

Waals forces and hydrophobic interaction, provided that alkaline Congo red 

is used according to the method described by Puchtler (5-7). 

At present in most forms of amyloidosis the source of the amyloid fibril 

protein has been elucidated by means of amino acid sequence analysis 

and/or immunochemical characterization ; this development has greatly 

improved the understanding of the pathogenetic mechanisms of the different 

amyloid syndromes, of which amyloidosis associated with chronic inflam

matory conditions (AA) and amyloidosis related to plasma cell dyscrasia 

(AL) are most frequently encountered. In addition a non-fibrillar, pen

tagonal substance has been demonstrated to be a constant constituent of 

all types of amyloid and was designated protein AP (amyloid P-component) 

(8) ; it has been shown to be identical with a normal serum a1-glycoprotein 

(protein SAP) and binds to the fibrillar protein in a calcium dependent 

way ( 9).  The presence of AP is held responsible for the periodic acid 

Schiff reactivity of the majority of amyloid deposits (10). 

A method for differentiating between the maj or (AA and AL) forms of amy

loidosis would be of value, not only because it would reflect the dif

ferences in pathogenesis, but especially because selective therapeutic 

approaches may be feasible in AA and AL amyloid. Definitive classification 

of different amyloid types requires biochemical analysis including amino 
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acid sequencing, which approach is time-consuming, expensive and requires 

large amounts of fresh tissue and special equipment. A method described by 

Romhanyi (11) and modified by Wright (12) uses the effect of pretreatment 

with potassium permanganate (KMn04) on the affinity for Congo red to 

differentiate between AA and other forms of amyloid. Van Rijswijk and van 

Heusden concluded that this histochemical method provides a reliable tool 

in routine laboratory and clinical practice ( 13). The exact mechanism by 

which KMn04 pretreatment leads to abolishment of the affinity for Congo 

red in AA amyloid, whereas AL amyloid remains unaffected, is not known; 

possibly this phenomenon may be related to differences in the content of 

amino acid residues with high �-pleated sheet forming potential (arginine

lysine) (14, 15). The KMno4 method, however, is an indirect histochemical 

procedure and its results should be confirmed by specific immunochemical 

methods. 

The development of specific antibodies to amyloid fibril proteins has 

opened the possibility for a more specific tissue diagnosis of the dif

ferent types of amyloidosis. In this study monospecific goat and rabbit 

antisera to human AA amyloid fibrils were used to establish their useful

ness in demonstrating AA deposits in tissue sections and to compare the 

results of immunoperoxidase staining with the effect of KMn04 on the 

affinity for Congo red. We will also describe the results of immune

peroxidase staining with anti-(S)AP antibodies. The unlabeled antibody 

(PAP) method was applied to renal biopsy speci-peroxidase-antiperoxidase 

mens of patients with idiopathic systemic amyloidosis , patients with 

with inflammatory conditions and patients with 

to immunocyte-derived abnormalities of protein 

amyloidosis 

amyloidosis 

synthesis. 

associated 

related 

5. 2 Patients and methods: 

5. 2.1 Patients and amyloid tissues: 

Nineteen patients with tissue proven amyloidosis, in whom a percutaneous 

renal biopsy was performed, were included in this study . There were 10 

patients with amyloidosis associated with inflammatory conditions (group 

1). The primary condition was rheumatoid arthritis in 7 cases and chronic 

pulmonary infection, Crohn ' s  disease and ankylosing spondylitis in 3 
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others. In 4 patients no underlying disease of inflammatory or immune

globulin origin was found and they were classified as idiopathic systemic 

amyloidosis with "typical" distribution of organ function loss (= nephro

pathy) (group 2). Amyloidosis was associated with a plasma cell dyscrasia 

in 5 patients: Bence-Jones kappa 1 case, Bence-Jones lambda 2 cases, IgG 

lambda 2 cases (group 3). 

There were 12 female and 7 male patients; their ages at the time of diag-

nosis ranged from 29 to 73 years (median age: 60 years). Renal biopsy 

specimens were cut into 4 µm sections and stained with alkaline Congo red 

(7) before and after treatment with KMn04 and with the PAP method using 

anti-AA and anti- (S)AP antibodies. Renal biopsies of 3 patients without 

amyloidosis served as controls. 

5. 2. 2 Potassium permanganate method: 

Sections were incubated for three minutes with equal volumes of Si. KMn04 
and 0 . 37. sulfuric acid, decolorized with Si. oxalic acid, washed twice in 

distilled water and subsequently stained with alkaline Congo red (7).  

Serial sections were stained with Congo red and served as controls. Amy

laid deposits were considered "resistant" when Congo red affinity was 

unaffected by prior exposure to KMn04. An amyloid deposit was considered 

"sensitive" to KMn04, if the amyloid exhibited a more than 907. effacement 

of staining with Congo red. 

5. 2. 3 Antibodies against AA and AP protein: 

Rabbit anti-AA: 

This antiserum was obtained by immunizing a rabbit with purified AA ob

tained from the thyroid gland of a patient according to a method described 

previously (16). One milligram of the AA amyloid fibril preparation was 

denatured in 0. 25 ml 0. 1 M NaOH for 6 hours and subsequently neutralized 

with 0. 25 ml 0. 1 M HCl and mixed with 0. 5 ml Freund's adjuvant. Samples of 

this fibril preparation were administered intracutaneously at different 

sites in the back skin of a rabbit at 0, 3, 6 and 9 weeks. An immunoglo

bulin-rich fraction was prepared from the crude antiserum, obtained from 

blood samples after 11 weeks, by 507. saturation with ammoniumsulphate and 

centrifugation of the precipitate. This immunoglobulin-rich fraction was 

purified by affinity chromatography using purified protein AA, coupled to 
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CNBr-activated sepharose 4B (Pharmacia). The specific antibodies were 

eluted with 4 M guanidine HCl and dialyzed against 1 0  mM phosphate-buff

ered saline (pH 7. 6). This purified rabbit anti-AA showed a single preci

pitation line with protein AA at immunodiffusion analysis. 

Goat anti-AA: 

Whole goat antiserum against protein AA was purchased from Atlantic Anti

bodies (complete goat anti-AA). From the crude antiserum we prepared a 

purified immunoglobulin fraction by ammoniumsulphate precipitation and 

subsequent passage through an immunoabsorbent column of AA-sepharose 

(purified goat anti-AA). 

Rabbit anti-(S)AP:  

Monospecific rabbit antiserum to human SAP was kindly donated by Prof M. B. 

Pepys, Hammersmith Hospital, London, England. 

PAP-method: 

The unlabeled antibody peroxidase-antiperoxidase method of Sternberger was 

used in this study (17). About 4 µm thick cryostat sections were prepared 

from snap frozen renal biopsy specimens, mounted on slides and air dried 

at room temperature for 20 minutes with the aid of a hairdryer, followed 

by fixation in acetone during 10 minutes. Chessboard titrations were used 

to determine the optimal antibody concentrations. After washing in phos

phate-buffered saline (PBS) the primary antiserum (vide supra) was applied 

at 1: 100 dilution containing 57. bovine serum albumin (BSA); the sections 

were incubated 

atmosphere. The 

the application 

at room temperature during 60 minutes in a humidified 

slices were washed in PBS during 10  minutes, followed by 

of swine anti-rabbit or rabbit anti-goat serum IgG 1: 200 

(Dakopatts, Copenhagen, Denmark) in a 57. solution of BSA; after incubation 

during 

washed 

30 minutes with the second antiserum, the sections were repeatedly 

in PBS. This was followed by incubation with the PAP-complex, 

consisting of rabbit or goat antibodies to horseradish peroxidase and 

horseradish peroxidase antigen, diluted 1 : 40 in a 57. solution of BSA. 

After incubation during 30 minutes in moist chamber and after washing with 

PBS, the color reaction was performed by incubating the slides in a solu

tion of 60 mg 3-amino- 9-ethylcarbazole (Aldrich, Milwaukee, USA) in 5 ml 
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dimethylformamide, adding 100 ml 0. 05 M acetate buffer (pH 5), followed by 

0.05 ml 307. H2o2. The sections were counterstained in hematoxylin for 5 

minutes and sealed after washing in tap water. 

The intensity of peroxidase staining was graded as follows: O= negative, 

l= very weak, 2= weak, 3= moderate and 4= maximal intensity. 

5. 3 Results: 

The clinical data and the results of the KMn04 method, together with the 

results of PAP staining with different antisera, are swnmarized in Table 

1. 

5. 3. 1 Congo red stain and KMno4 method: 

All 19 patients displayed characteristic findings of renal amyloidosis by 

the green birefringence after Congo red staining. Amyloid deposits in 

patients with systemic amyloidosis associated with chronic inflammatory 

conditions lost their affinity for Congo red after KMn04 pretreatment. 

KMno4 sensitive amyloid deposits were also found in patients with idio

pathic amyloidosis characterized by nephropathy. All 5 patients with 

amyloidosis associated with plasma cell dyscrasia had KMno4 resistant 

amyloid deposits. 

5. 3.2 PAP staining with different antisera (see Figure 1-4) :  

Complete goat anti-AA antiserum showed a weak staining of amyloid depo

sits, both in the KMn04 sensitive and resistant groups; moreover this 

antiserum displayed considerable background staining. After purification 

by affinity chromatography the goat anti-AA antiserum showed a moderate or 

strong staining of amyloid in group 1 and 2, whereas there was little or 

only doubtful reaction in group 3. With purified rabbit anti-AA antiserum 

the amyloid deposits in group 1 and 2 were stained strongly positive, 

whereas the deposits in group 3 remained virtually unstained. After the 

use of both the purified goat and rabbit anti-AA antiserum there was no 

background staining of significance. With anti-(S)AP antibodies not only 

the amyloid deposits in glomeruli, vessels and interstitium stained very 

brightly both in the KMn04 sensitive and resistant groups, but also a 
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linear staining of vascular elastin layers and glomerular basement mem

branes was observed in the renal biopsies of patients with amyloidosis as 

well as in the control patients. 

Table 1: Results 
antibodies in 19 
underlying disease 

of PAP staining with different anti-AA and anti-(S) AP 
patients with systemic amyloidosis .  Relation with the 

and the results of the KMn04 method. 

NO AGE SEX ASS DIS 

GROUP 1:  
1 60 F RA 
2 7 1  M RA 

3 60 F RA 
4 53 F RA 

5 73 F RA 

6 58 F RA 

7 70 F RA 

8 69 F RPI 
9 64 M Ank spend 

10 29 F M Crohn 
GROUP 2: 
1 1  7 3  M None 
12 67 F None 
13 51 M None 
14 69 M None 
GROUP 3: 
15 52 F MM 
16 50 M MM 
17 47 F MG 
18 67 M MG 
19 55 F MG 

20 CONTROL 
21 CONTROL 
22 CONTROL 

KMno4 

sens 
sens 
sens 
sens 
sens 
sens 
sens 
sens 
sens 
sens 

sens 
sens 
sens 
sens 

res 
res 
res 
res 
res 

COMPL 
G-aAA 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

2 
2 
2 
2 

1 
1 
2 
2 
2 

0 
0 
0 

PUR 
G-aAA 

3 
3 
3 
3 
4 
4 
4 
3 
3 
3 

3 
3 
3 
3 

0 
1 

1 

1 

1 

0 
0 
0 

PUR 
R-aAA 

4 
3 
4 
4 
4 
4 
4 
3 
4 
4 

4 
4 
4 
3 

0 
1 
1 
1 
0 

0 
0 
0 

PUR 
R-a(S)AP 

4 
3 
4 
3 
4 
4 
4 
3 
4 
3 

3 
4 
4 
3 

3 
3 
4 
3 
3 

BM 
BM 
BM 

ASS DIS= associated disease; RA= rheumatoid arthritis ; RPI= recurrent 
pulmonary infections; Ank spond= ankylosing spondylitis; MM= multiple 
myeloma; MG= monoclonal gammopathy; COMPL G-aAA= complete goat anti-AA 
antiserum; PUR G-aAA= purified goat anti-AA antiserum; PUR R-aAA= purified 
rabbit anti-AA antiserum ; PUR R-a(S)AP= monospecific rabbit anti- (S )AP 
antiserum; BM= basement membrane. Grading of PAP staining : O= negative, l• 
very weak, 2= weak, 3= moderate, 4= maximal intensity. - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
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5. 4 Discussion: 

Since native amyloid fibrils are not immunogenic, immunohistochemical 

methods to demonstrate and characterize amyloid deposits, were not devel

oped until it became possible to raise antibodies against amyloid fibril 

proteins, which were rendered immunogenic by strong denaturing procedures 

(18, 19). An accurate histochemical diagnosis and classification of amy

loidosis is of great importance, both for the patient and for the physi

cian, because AA and AL amyloidosis differ considerably with regard to 

prognosis and therapeutic approach , As the presence of a significant 

amount of precursor (serum amyloid A protein) is a prerequisite for AA 

formation, the best treatment of AA amyloidosis is suppression of inflam

matory activity, i. e. SAA production. Treatment with dimethylsulfoxide may 

favourably alter the course of AA nephropathy possibly by inhibiting the 

interstitial inflammatory reaction (20). Reduction of the acute phase 

response by corticosteroids and/or cytostatics has also been shown to stop 

the progression of amyloidosis (21). In amyloidosis associated with fami

lial Mediterranean fever Zemer et al. demonstrated the prophylactic and 

therapeutic efficacy of uninterrupted daily administration of colchicine 

(22). No specific therapy for patients with AL amyloidosis has been repor

ted. The results of treatment with melphalan and prednisone or colchicine 

and DMSO are inconclusive (23-25). 

Several immunofluorescent (26-29) and immunoperoxidase (30-32) studies 

using antisera against AA and AL protein have been reported. Most series, 

however, comprise only a small number of AA and/or AL patients ; the re

sults of immunohistologic studies have never been related with the effect 

of pretreatment with KMno4 on the affinity for Congo red. In the present 

study we employed the immunoperoxidase method both to investigate the 

sensitivity and specificity of this technique in demonstrating AA amyloid 

and to establish the value of the KMnO4 method in differentiating AA from 

AL amyloid. 

The crude goat anti-AA antiserum appeared to be of little value because it 

showed a considerable degree of background staining together with a weak 

reaction with amyloid in both the KMnO4 sensitive and resistant groups. 

The latter phenomenon may be explained by the presence in the crude anti

serum of anti-human-gammaglobulin, which binds to immunoglobulins present 
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in amyloid deposits (29, 33). After purification on AA conjugated sepha

rose columns, the goat as well as the rabbit antiserum reacted only with 

amyloid deposits in the KMn04 sensitive groups; staining of AA deposits 

was generally stronger with purified rabbit anti-AA than with purified 

goat anti-AA. Anti-(S)AP was not only useful to confirm the presence of 

characteristic amyloid deposits in all three groups, but also produced a 

linear staining of glomerular basement membranes and vascular elastin 

layers, which is caused by the presence of an AP-like material covalently 

linked to basement membrane collagen and elastin (34).  

Our results indicate that by the use of specific anti-AA antibodies an 

accurate histological diagnosis of AA amyloidosis can be made, provided 

that antibodies purified by affinity chromatography are used. The demon

stration of AL amyloid by immunohistochemical techniques is more complex 

because the AL deposits of different patients appear to have individual 

specificity. 

Both immunofluorescent and immunoperoxidase procedures may be used to 

demonstrate amyloid deposits. The immunoperoxidase method, however, has 

the following advantages (35). The antigen can be directly visualized by 

orthodox light microscopy allowing assessment of morphology by traditional 

criteria, while preparations are permanent and readily available for 

repeated examination. Two further features of the immunoperoxidase method 

may be noted. This technique does not require frozen tissue and may be 

applied to routinely fixed paraffin-embedded tissues. An additional ad

vantage of the PAP method, which we employed in the present study, is 

enhanced sensitivity in comparison with immunofluorescence. 

5. 5 In conclusion: 

1. PAP staining with anti-AA antibodies is a sensitive and specific method 

for demonstrating AA amyloid deposits, provided that the antisera are 

purified by affinity chromatography on AA-sepharose. 

2. The specificity of the KMn04 method in differentiating between AA and 

AL amyloid is confirmed by the results of immunoperoxidase staining 

with purified anti-AA antibodies. 
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1 A  

Figure IA: 
Kidney of patient 1:  KMn04 sensitive amyloid deposits. 
PAP stained tissue with complete goat anti-AA, showing 
weak staining of glomerular amyloid deposits (x350). 
Figure lB: 
Kidney of patient 1: KMn04 amyloid deposits. 
PAP stained tissue with purified goat anti-AA, showing 
moderate staining of glomerular amyloid deposits (x350) . 

,. 

1 B  

- 1 0 7 -



1 C  

Figure lC: 
Kidney of patient 1: KMn04 sensitive amyloid deposits. 
PAP stained tissue with purified rabbit anti-AA, showing 
strong staining of glomerular amyloid deposits (x350). 
Figure lD: 
Kidney of patient 1: KMn04 sensitive amyloid deposits. 
PAP stained tissue with rabbit anti-(S)AP, showing 
strong staining of glomerular amyloid deposits (x350) . 
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Figure 2A-B: 
Kidney of patient 17 : KMn04 resistant amyloid deposits. 
PAP stained tissue with complete goat anti-AA (A: xl40) 
and purified rabbit anti-AA (B: xl40), showing abolition 
of aspecific staining of AL amyloid deposits after puri
fication of the anti-AA antiserum. 
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Figure 3A-B :  

., . 

Kidney of patient 5: KMn04 sensitive amyloid deposits. 
PAP stained tissue with purified rabbit anti-AA (A : xl40) 
and rabbit anti-(S)AP (B: xl40), showing strong staining 
of amyloid in a small vessel by anti-AA and anti- (S)AP, 
together with a remarkable staining of the elastin lay
ers of a large vessel by anti-(S)AP. 
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Figure 4A-B: Kidney of a control patient. 

. .  

PAP stained tissue with rabbit anti-(S)AP, showing 
linear staining of the glomerular basement membrane 
(A: xl40 ; B: x350) and the elastin layers of a 
small vessel . 
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CHAPTER 6 

SOFT-TISSUE UPTAKE OF 99m.rc-DIPHOSPHONATE AND 99m.rc-PYROPHOSPHATE 

IN AMYLOIDOSIS : 

VALUE OF SCINTIGRAPHY AS A NON-INVASIVE TEST FOR THE EXTENT OF 

ORGAN INVOLVEMENT 





Chapter 6 :  Soft-tissue uptake of 99"Tc-diphosphonate and 99"Tc-pyrophos

phate in amyloidosis: value of scintigraphy as a non-invasive test for the 

extent of organ involvement. 

6. 1 Introduction: 

In amyloidosis organ function disturbances are due to amyloid deposits 

which replace and destroy normal tissues. Amyloid deposits consist of 

protein fibrils which are arranged in a �-pleated sheet formation (1) .  The 

different amyloid syndromes can be classified according to the biochemical 

nature of the amyloid fibril proteins (2) (see chapter 1, Table 3). The 

non-fibrillar glycoprotein AP (amyloid P-component) is a minor (107.) 

constituent of all forms of amyloid and binds to amyloid fibrils in a 

calcium dependent way (3, 4). The role of AP in the pathogenesis of amy

loidosis is unclear. 

The diagnosis of amyloidosis requires histological identification of 

amyloid deposition in biopsy specimens. Biopsy procedures are reported to 

be not without risk of hemorrhage. In amyloidosis bleeding may occur in 

the absence of abnormalities in the coagulation profile, which is probably 

due to amyloid infiltration of blood vessels (5, 6) . In addition factor X 

deficiency is a well-documented but rather rare complication of amyloi

dosis (7, 8). 

In AA amyloidosis the clinical scene is dominated by renal involvement, 

whereas in AL amyloidosis the clinical picture tends to be more pluriform 

(1, 9-11). Histologically, however, there is a systemic distribution of 

amyloid deposits in both AA and AL amyloidosis (12) . Regarding the prog

nostic value of the pattern of organ involvement a non-invasive test would 

be helpful in evaluating the extent of organ involvement in amyloid dis

ease, thereby eliminating the possible risk of multiple biopsy procedures. 

Moreover, such a test might be useful to estimate the amount of amyloid, 

thereby providing a tool firstly to substanciate progressive or regressive 

amyloid infiltration and secondly to assess the response to therapy. 

Soft-tissue accumulation of technetium-labeled calcium-seeking agents like 

methylene-diphosphonate (99"Tc-MDP) and pyrophosphate ( 99�c-PYP) has been 

linked with the presence of amyloid in a number of cases of systemic 

amyloidosis, mainly of the AL type (13). Lee suggested that 99�c-PYP may 
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be more sensitive in demonstrating cardiac and hepatic amyloidosis than 
99'"Tc-MDP (14). 

The first purpose of this prospective study was to establish the efficacy 

of "bone-scanning" as a non-invasive test for the extent of organ involve

ment in both AA and AL amyloidosis; secondly we tried to establish the 

relative efficacy of 99'"Tc-MDP versus 99'"Tc-PYP. 

6. 2 Patients and methods: 

6. 2. 1 Patients: 

Between January 1983 and July 1 984 18 patients with systemic amyloidosis 

were entered into a prospective study. We also included one patient with 

local bronchial and one patient with local dermal amyloidosis, as well as 

one patient with familial amyloidotic polyneuropathy (FAP) (see discus

sion). Informed consent was obtained from all patients prior to the scin

tigraphic studies. 

The diagnosis of amyloidosis was confirmed by the apple-green birefrin

gence with polarized light after Congo-red staining of biopsy specimens. 

In all patients with systemic amyloidosis the effect of incubation with 

potassium permanganate (KMn04) on the affinity for Congo red was used to 

discriminate between AA and non-AA amyloid (15). In 3 AA and 2 AL patients 

immunoperoxidase studies with antibodies directed against amyloid P-com

ponent were performed on renal biopsy sections. 

A careful search for the presence of a monoclonal component (M-component) 

was made, consisting of immunoelectrophoresis of the serum and concentra

ted urine and immunofluorescence of bone marrow cells. 

Endogenous creatinine clearance was determined over 24 hourly periods. 

Amyloid cardiomyopathy was diagnosed on the presence of typical echocar

diographic features, i. e. increased thickness of septum and posterior left 

ventricular wall and decreased left ventricular wall motion. The electro

cardiogram was considered to be of low-voltage if the QRS-complexes of the 

standard limb leads and the unipolar limb leads did not exceed 0. 5 mV. The 

cardiothoracic ratio (CT-ratio) was calculated as the ratio of the trans

verse diameter of the heart (measured as the sum of the widest portions of 

the heart to the right and the left of the midline of the spine) to the 
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maximum transverse internal diameter of the thorax on the posteroanterior 

erect chest X-ray. 

Liver function tests (alkaline phosphatase and transaminases) and free 

thyroxin levels were obtained from all patients at the time of scanning. 

The presence of amyloid neuropathy was established by the measurement of 

nerve conduction velocity. The presence or absence of macroglossia was 

concluded from physical examination. 

6. 2.2 Scintigraphy: 

All patients but patient 1 underwent both 99ni.rc-MDP and 99ni.rc-PYP scanning 

in random order at 2 to 5 days intervals. Whole body scintigraphy was 

performed 4 hours after intravenous injection of 500 MBq (13. 5 mCi) of 
99ni.rc-MDP or 99ni.rc-PYP. 

Soft-tissue uptake was graded as follows: 0= normal; l= equivocal; 2= 

positive with lower intensity than the ribs; 3= positive with intensity 

equal or greater than the ribs, but not greater in intensity than the 

sternum; 4= positive and greater in intensity than the sternum. 

To determine the specificity of soft-tissue uptake in case of impaired 

renal function 99ni.rc-MDP scans of 5 anuric, non-amyloidotic patients on 

chronic intermittent hemodialysis were used as controls. 

Chi-square test and Wilcoxon's ranksum test were used for statistical 

analysis of the data. 

6. 3 Results: 

All patients had biopsy proven amyloidosis. The clinical, pathological and 

histochemical data are summarized in Table 1. There were 9 patients with 

systemic AA and 9 patients with systemic AL amyloidosis. In patient 1 9  an 

amyloid tumor arising from the left main bronchus was diagnosed by bron

choscopic biopsy. Patient 20 suffered from lichen amyloidosis involving 

the lower extremities. In patient 21 a diagnosis of familial amyloidotic 

polyneuropathy was made. 

The results of scintigraphic studies are given in Table 2. 99ni.rc-MDP 

images generally showed a better contrast than 99ni.rc-PYP images, although 
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there was no obvious difference in the intensity or the extent of soft

tissue uptake (p>0.05). The presence or absence of soft-tissue uptake 

could not be correlated with renal function loss (P>0.05). None of the 5 

control patients showed significant soft-tissue uptake of 99nt.rc-MDP. 

Abnormal uptake in soft-tissue of the limbs was observed in 4 AA and 8 AL 

patients, 4 of whom suffered from severe polyneuropathy with marked reduc

tion of nerve conduction velocity. In patient 1 ,  4, 5, 6 and 8 amyloid 

deposits could be demonstrated in peripheral nerves. 

In both patients with macroglossia the scans showed uptake in the oropha

ryngeal region. Uptake in the thyroid gland was seen in 9 patients (4 AA , 

5 AL), 2 of whom (no 5, 8) presented with hypothyroidism (serum free 

thyroxin level 7.9 and <1. 4 pmol/1 ; thyroid stimulating hormone 9. 2 and 

>40 mE/1 respectively; serum antithyroid antibodies were negative). In 

patient 4 the thyroid gland was markedly enlarged on palpation. The pre

sence of amyloid in the thyroid was confirmed at autopsy in patient 1 ,  4, 

5, 6 and 8. 

Scintigraphic cardiac uptake was present in 6 patients (4 AL, 2 AA). There 

was no difference (P>0.05) in septal and left ventricular posterior wall 

thickness between the patients with and without cardiac uptake, nor could 

cardiac uptake be correlated with clinically manifest heart failure, low 

voltage electrocardiogram or an increased heart size on the chest X-ray. 

At autopsy cardiac amyloid deposits were found in patient 1, 4, 5, 6 and 

8. 

Elevation of alkaline phosphatase, which could not be explained by bone 

activity or active rheumatoid arthritis was seen in 3/5 patients with 

hepatic uptake. In 3 out of 8 patients (3 AA, 5 AL) with diffuse uptake in 

the abdominal area clinical signs of (pseudo) obstruction or malabsorption 

were found. 

There was no uptake of 99nt.rc-MDP in the kidneys of the anuric control 

patients, whereas in the anuric amyloidotic patients (no 8, 1 1) the kid

neys showed a distinct uptake of the radiopharmaceuticals. Patient 14 

received a cadaveric renal graft in December 1982. In June 1984 a radio

hippuran renogram showed a normal uptake in the graft without appearance 

of the tracer in her own kidneys, which, however, could be clearly visual

ized on 99nt.rc-MDP and 99nt.rc-PYP scintigraphy. 
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TABLE 1 :  CLINICAL, PATIIOLOGICAL AND LABORATORY FINDINGS IN 21 PATIENTS WITII AMYLOIOOSIS . 

PAT AGE SEX CLIN BP 
NO YRS F/M CLAS AM 

ASS 
DIS 

M-comp KMn04 AM CrCl ECHO-

PROT CARD 

LV CT- AP 
ECG RATIO 

NEURO- GLOSSO- MISCELLANEOUS 
PATIIY PATIIY 

===================================================================================================================-== 
1 
2 
3 
4 
5 
6 
7 
8 

9 

10 
11 

48 
74 
60 
54 
7 1  

65 
60 
58 
51  
61  
53  

12  42 
13 63 
14 33 
15 7 1  
16 60 
17 44 
18 72  

19 67 
20 70 
21 49 

F 
F 
F 
M 
F 
M 
M 

M 
M 

F 
F 

SA 
SA 
SA 
SA 
SA 
SA 
SA 
SA 
SA 
SA 
SA 

K,L,A MG 

R MG 
R,K MG 
R ,A MG 

R,C,A MG 
SN ,A MG 
R,T MM 
K,L ,SN,A MM 
R,C,T MM 

R RPI 
K RPI 

M SA R 

F SA R,K,L 
F SA K,L 
F SA R ,K  
F SA R,K 
F SA R,K 
M SA R,K 
F LBA BT 
M LDA SK 
M FAP R ,SN 

RA 
RA 
RA 

RA 
RA 
RA 
RA 
NONE 
NONE 
NONE 

Explanation of abbreviations : 

BJK 
IgAL 
IgGL 
BJL 
BJK 
BJL 
IgAL 
IgGK 
BJK 

RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
SENS 
SENS 

AL 

AL 
AL 
AL 
AL 
AL 
AL 
AL 
AL 
AA 
AA 

76 
4 

8 

26 
20 
77 
so 
Ql'C 

120 
8 

0'� 

SENS AA 60 

SENS AA 35 
SENS AA 36 
SENS AA 54 
SENS AA 39 
SENS AA 60 
SENS AA 59 
NP AL? 95 
NP AD 100 

RES TTR 82 

27 
22 
35 
39 
35 
22 
33 
30 
39 
20 
26 
17 
20 
12 
28 
21 
19 
17 
17 

20 
20 

+ 

+ 

+ 

+ 

+ 

0.41 
0 .48 
0.47 
0 .49 
0.47 
0 . 56 
0 .48 
a . so 
0 .48 
0 .44 
0 .48 

890 
93 
87 
67 

175 
85 
88 
96 
82 

128 
57 

0 . 52 61 
0 .48 151 
0 .42 47 
0 .48 109 
0.45 103 

+•'n� 0 .48 62 
0.47 106 
0 .45 105 
0 .42 93 
0 .43 70 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

GOITER/MALABS 
HYPOTIIYR/ ILEUS 

HYPOTIIYR 
MALABS/ ILEUS 

CLIN CLASS= clinical classification, BP AM= biopsy proven amyloid, ASS DIS= associated disease, M-comp= monoclonal 
component, AM PROT= amyloid protein, CrCl= creatinine clearance (ml/min) , ECHOCARD= septal+posterior wall  thickness at 
echocardiography (nnn) , LV-ECG= low voltage electrocardiogram, AP= serum alkaline phosphatase activity ( IU/ 1 ) ,  LBA= local 
bronchial amyloidosis , LDA= local dermal amyloidosis , FAP= familial amyloidotic polyneuropathy, K= kidney, L= liver , A= 

autopsy, R= rectwn, C= colon, SN= sural nerve, T= tongue , BT= bronchial tumor,  SK= skin, MG= monoclonal gammopathy, MM= 

multiple myeloma, RPI= recurrent pulmonary infections , RA= rheumatoid arthritis , BJ= Bence-Jones protein, k= kappa, 1= 

lambda , res= KMn0
4 

resistant, sens= KMn0
4 

sensitive, NP= not performed, AA= amyloid protein A, AL= amyloid protein light 
chain derived , AD= dermal amyloid protein, TTR= transthyretin, *= anuria, frl<= rheumatoid carditis , MALABS=malabsorption, 
ILEUS= intestinal pseudo-obstruction. 

I .... 
N .... 



TABLE 2:  RESULTS OF 
99mTC·MOP AND 

99mTC·PYP SCINTIGRAPHY IN 21 AMYLOIDOTIC AND 5 CONTROL PATIENTS . 

PAT CLIN AM LIMBS TONGUE THYROID HEART BREAST LIVER SPLEEN ABDOMEN KIDNEY MISCELLANEOUS 
NO CLAS PROT MOP PYP MOP PYP MOP PYP MDP PYP MOP PYP MOP PYP MOP PYP MDP PYP MDP PYP 
==================================z==--================�•a••�••===--�========�•••z==-E========��-=======•z2•�=-= 

l SA AL 2 np 0 np 4 np 4 np 0 np 4 np 4 np 3 np 3 np UT/SAL GL 4/4 

2 SA AL 2 2 0 0 4 4 2 3 0 0 l 2 0 0 0 0 3 3 
3 SA AL 3 3 0 0 0 0 2 2 3 3 0 0 0 0 0 0 2 2 SKIN 3/3 
4 SA AL 2 2 0 0 2 3 0 0 0 0 0 0 0 0 3 2 3 2 

5 SA AL 0 0 0 0 2 3 0 0 0 0 0 0 0 0 l 2 3 3 
6 SA AL 3 3 0 0 0 0 0 2 0 0 0 0 0 0 0 0 3 3 
7 SA AL 2 3 2 3 0 0 0 0 0 0 0 0 0 0 0 0 3 3 
8 SA AL 3 3 0 0 3 3 0 0 0 0 0 0 0 0 3 3 3 3 
9 SA AL 2 2 2 3 0 0 0 0 0 0 0 0 0 0 3 3 3 3 
10 SA AA 3 3 0 0 4 4 3 3 3 2 3 3 3 4 0 0 3 3 

11 SA AA 2 2 0 0 0 0 4 4 4 3 3 4 3 4 3 3 2 2 

12 SA AA 0 0 0 0 3 3 0 0 0 0 0 0 0 0 0 0 3 3 

N 13 SA AA 2 l 0 0 0 0 0 0 0 0 3 4 0 0 0 0 3 3 
N 14 SA AA 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 3 

15 SA AA 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 3 
16 SA AA 0 0 0 0 3 3 0 0 0 0 0 0 0 0 0 0 3 3 
17 SA AA 0 0 0 0 0 0 0 0 0 0 0 0 0 0 l 2 3 3 
18 SA AA 2 2 0 0 3 3 0 0 0 0 0 0 0 0 2 2 3 3 
19 LBA AL? 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 3 LHB 3/3 
20 LDA AD 3 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 3 
21 FAP TTR l 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 3 
22 CONTROL 0 np 0 np 0 np 0 np 0 np 0 np 0 np 0 np 0 np 

23 CONTROL 0 np 0 np 0 np 0 np 0 np 0 np 0 np 0 np 0 np 
24 CONTROL 0 np 0 np 0 np 0 np 0 np 0 np 0 np 0 np 0 np 
25 CONTROL 0 np 0 np 0 np 0 np 0 np 0 np 0 np 0 np 0 np 
26 CONTROL 0 np 0 np 0 np 0 np 0 np 0 np 0 np 0 np 0 np 

Exclanation of abbreviations : see Table 1 .  

MDP= 99m·Tc-diphosphonate , PYP= 99m·Tc-pyrophosphate , UT= uterus , SAL GL• salivary glands , LHB= left main bron-
chus , np= not performed. Grading of soft-tissue uptake: O= normal ; l• equivocal; 2= positive with lower intensity 
than the ribs , 3= positive with intensity equal or greater than the ribs , but not greater in intensity than the 
sternum, 4• positive and greater in intensity than the sternum. 



Uncommon sites of soft-tissue accumulation included the skin , the breast, 

the spleen, the uterus and the salivary glands. 

In the patients with localized bronchial and localized dermal amyloidosis, 

as well as in the patient with FAP, there was a remarkable local uptake of 

the tracers. 

6.4 Discussion: 

Non-invasive tests would be helpful to evaluate both the extent and the 

pattern of organ involvement in patients with biopsy proven amyloidosis. 

Extraction of intravenous injected Congo red or Evans blue is an unreli

able tool in diagnosing amyloidosis (16). Amyloid-like fibrils in urinary 

sediments are not specific for amyloidosis (1 7). 

Reviewing the published data (13, 18-32) it is difficult to assess the 

true significance of soft-tissue uptake on "bone-scanning" in amyloidosis. 

The case reports and small series published sofar differ with regard to 

both the scanning technique and the radiopharmaceutical used (Table 3). In 

literature soft-tissue uptake of 99�c-MDP and 99mTc-PYP has been 

attributed to amyloid in 38 cases of systemic amyloidosis, l case of C

cell carcinoma of the thyroid gland and l case of cerebral amyloidoma. In 

all 38 cases of systemic amyloidosis the diagnosis was histologically 

established; in 14 subjects the biopsy specimens were stained with Congo 

red, whereas in the remaining 24 patients there were no data concerning 

the staining technique used to confirm the diagnosis. On 2 occasions the 

potassium permanganate method was applied to determine the type of amyloid 

protein involved. In 8 patients a M-component was present; there were no 

data mentioned on the presence or absence of a M-component in 30 pa-

tients, 28 of whom can be classified on clinical grounds as AL and l as AA 

amyloid; in l patient a diagnosis of heredofamilial amyloidosis was made . 

It is possible, however, that some reports include patients with senile 

cardiac amyloid. In the majority of the patients the attention was focused 

mainly on the heart and the liver. 

We tried to establish the efficacy of scanning with 99�c labeled phos

phates in amyloidosis by comparing the results of scintigraphic imaging 

with the clinical pattern of organ involvement in 18 well defined cases of 
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Table 3: Soft-tissue uptake of bone-seeking radiopharmaceuticals 
in amyloidosis; short review of the literature. 

TRACER ABNORMAL FINDINGS NUMBER OF PROB AM REF 
PATIENTS PROTEIN 

==============================================================-= 

99m-Tc-MDP Periarticular uptake 1 AL 18 
99m-Tc-MDP Hepatic uptake 1 AL 1 9  
99m-Tc-MDP Myocardial uptake 1 AL 20 

Skeletal-muscle uptake 1 TTR 
99m-Tc-MDP Soft-tissue uptake 1 AL 21 
99m-Tc-MDP Myocardial uptake 1 AL 22 

Soft-tissue uptake 
99m-Tc-MDP Uptake in skin nodules l AL 23 
99m-Tc-PYP Splenic uptake 1 AL 24 
99m-Tc-PYP Hepatic uptake 3 AL 25 

Splenic uptake 
Myocardial uptake 
Periarticular uptake 

99m-Tc-MDP Hepatic uptake 3 AL 25 
99m-Tc-PYP Skeletal-muscle uptake l AL 26 
99m-Tc-PYP Myocardial uptake 10  AL 27 
99m- Tc- PYP Myocardial uptake l AL 28 
99m-Tc-PYP Myocardial uptake 2 AL 29 
99m-Tc-PYP Myocardial uptake 7 AL 14 

Hepatic uptake 
99m-Tc-MDP Myocardial uptake 7 AL 14 

Hepatic uptake 
99m-Tc-PYP Thyroid uptake l AL 30 

l AA 
99m-Tc-MDP Uptake in oropharynx, 1 AL 13  

thyroid, heart, liver, 
spleen, uterus, intestine 

99m-Tc-MDP Cerebral uptake l AL? 31 
99m-Tc-MDP Uptake in C-cell ca 1 AE 32 

Explanation of abbreviations: 
MDP= diphosphonate, PYP= pyrophosphate, 
AA= amyloid protein A, AL= amyloid protein light chain derived, 
TTR= transthyretin, AE= amyloid protein endocrine tissue related 
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systemic AA and AL amyloidosis, 2 cases of localized amyloidosis and 1 

case of familial amyloidotic polyneuropathy. 

In contrast with a previous report (14) we did not find any difference in 

the extent or the intensity of soft-tissue uptake between 99mTc-MDP and 
99�c-PYP images. Image quality (contrast) was generally better with 
99�c-MDP than with 99�c-PYP. This can be explained by the biologic 

characteristics of the two agents (33) . 99�c-PYP has slightly lower bone 

uptake than 99�c-MDP and shows significant red cell labeling, whereas 
99�c-MDP is confined primarily to the plasma and has higher urinary 

excretion than 99mTc-PYP. 

One may argue that soft-tissue uptake, especially in the limbs, may be 

caused by a decreased urinary excretion of the agents due to renal func

tion loss. In the anuric control patients, however, there was no soft

tissue uptake of significance; furthermore soft-tissue uptake could not be 

related with renal function. The renal excretion of 99mtechnetium-labeled 

phosphates and phosphonates accounts for the visualization of the kidneys 

in non-anuric subjects. There was no uptake of 99�c-MDP in the kidneys of 

the anuric controls. Of interest is our finding that in the anuric amyloi

dotic patients and in patient 14 (vide supra) the kidneys showed a dis

tinct uptake of the radiopharmaceuticals, which may well be explained by 

binding to renal amyloid deposits. 

Our results show that 99�c-MDP can play an important role in evaluating 

amyloid disease especially with regard to involvement of the thyroid 

gland, the oropharyngeal region, the nervous system, the intestine and the 

kidneys (for anuric subjects). In contrast, scintigraphy, which has been 

claimed to be a sensitive test for demonstrating amyloid cardiomyopathy 

( 14, 27), was negative in 6/9 patients with echocardiographic apparent 

involvement of the heart and positive in 3 patients with normal findings 

on echocardiography. A more massive deposition of cardiac amyloid in the 

patients described by Wizenberg (27) may be a possible explanation for the 

discrepancy between his and our results. In 7 out of 10 of Wizenberg's 

patients, who apparently suffered from AL amyloidosis, congestive heart 

failure happened to be the presenting symptom compared to 2 out of 9 cases 

in our series. There was no statistically significant difference in the 

diastolic septum and posterior wall thickness between Wizenberg's and our 

group ( Wilcoxon ' s  ranksum test P>0. 05). With respect to the value of 
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echocardiography and scintigraphy in cardiac amyloidosis our findings are 

in concordance with those of Hind (34), who concluded that echocardio

graphy is more sensitive and clinically more useful than scanning for 

detection of cardiac involvement in systemic amyloidosis. 

Soft-tissue uptake on bone scanning is not restricted to amyloidosis. 

Other pathological conditions, which may lead to a soft-tissue accumula

tion of diphosphonate and pyrophosphate, were reviewed by Brill and in

clude, among others, tissue infarction, metastatic calcification and local 

effects of chemotherapy or radiotherapy (35). 

The mechanism of amyloid affinity for phosphates may be explained by the 

presence of calcium bound to the non-fibrillar protein AP in amyloid 

deposits. Protein AP was clearly demonstrated to be present in amyloid 

deposits of 5 patients, in whom immunoperoxidase staining with anti-(S)AP 

was performed on renal biopsy specimens. Uptake of bone-seeking agents 

like 99'¾'c-MDP and 99mTc- PYP in 5 different types of amyloid (AA, AL, LBA, 

LOA, FAP) in our group of patients is in accordance with the presence of 

protein AP in all types of amyloid and with the calcium dependent way by 

which it binds to amyloid fibrils (3). Laboratory investigations are in 

progress to establish the nature of the binding of 99'¾'c-PYP and 99'¾'c-MDP 

to amyloid deposits. 

6.5 In conclusion: 

1. Scanning with 99'¾'c-labeled phosphates is a sensitive non-invasive 

screening test for the extent and the distribution of organ involvement 

in both systemic AA and AL amyloidosis as well as in localized amyloid. 

2. Echocardiography seems to be more sensitive for demonstrating cardiac 

involvement in systemic amyloidosis than 99'¾'c-MDP or 99'¾'c-PYP scinti

graphy. 

3. 99'¾'c-MDP images show a better contrast than 99'¾'c-PYP images, although 

there is no obvious difference in the extent or the intensity of soft

tissue uptake. 

4. In AA amyloidosis nephropathy is the most prominent clinical manifes

tation; the scintigraphic pattern of organ involvement, however, is 

multisystemic, which is compatible with the histological distribution 

of amyloid. 
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1 A  1 B  

Figure 1 A-B: 
Whole-body scintigraphy with 99m-Tc-MDP in an AL patient. A anterior view 
and B posterior view, showing low uptake in the skeleton and intense 
uptake in the oropharyngeal region, the thyroid, the heart, the liver and 
spleen, the intestine and the uterus. 
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Figure 2: 
Whole-body scintigraphy with 99m-Tc-MDP in an AA patient. Anterior view, 
showing uptake in the limbs, the heart, the breast, the liver and spleen, 
and the intestine. 
Figure 3: 
Whole-body scintigraphy with 99m-Tc-MDP in a FAP patient. Anterior view, 
showing distinct uptake in the limbs together with a remarkable accumula
tion of the tracer in the bladder, which is related to autonomic dysfunc
tion. 
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Figure 4 A-C :  
Whole-body scintigraphy with 99m-Tc-MDP in an AL patient (A anterior view, 
B posterior view), showing distinct uptake in the limbs and the abdominal 
area. The kidneys are clearly visualized in this anuric patient, in con
trast to the kidneys of an anuric control patient (4C ).  
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6A 6 B  

Figure 5: 
99m-Tc-MDP scintigraphy in a patient with local amyloid of the left main 
bronchus. Anterior and left oblique view, showing uptake of the tracer at 
the site of the amyloid tumor. 
Figure 6A-B: 
99m-Tc-PYP (A ) and 99m-Tc-MDP (B) scintigraphy in a patient with local 
bronchial amyloid, showing firstly uptake of the tracer at the site of the 
amyloid tumor, and secondly the better contrast of the 99m-Tc-MDP image. 
Figure 7: 
Distinct uptake of 99m-Tc-MDP in the limbs of a patient with local dermal 
amyloid. 
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CHAPTER 7 

AMYLOID CARDIOMYOPATHY IN SYSTEMIC NON-HEREDITARY AMYLOIDOSIS : 

ANALYSIS OF CLINICAL , ELECTROCARDIOGRAPHIC AND ECHOCARDIOGRAPHIG 

FINDINGS IN 30 AA AND 24 AL PATIENTS 





Chapter 7 :  Arnyloid cardiomyopathy in systemic non-hereditary amyloidosis : 

analysis of clinical, electrocardiographic and echocardiographic findings 

in 30 AA and 24 AL patients. 

7 . 1  Introduction : 

Arnyloid heart disease accounts for 5- 107. of non-coronary myocardial disor

ders (1) and is classified as a "specific heart muscle disease of metabo

lic origin" by the WHO/ISFC Task Force on the definition and classifica

tion of cardiomyopathies (2). 

Cardiac involvement has been known for a long time to be a major manifes

tation of amyloidosis associated with immunocyte dyscrasia (AL amyloi

dosis) (3, 4). In amyloidosis associated with chronic inflammatory dis

eases (AA amyloidosis) cardiomyopathy due to amyloid infiltration is 

regarded to be very uncommon (1, 4) . However, in most clinical surveys on 

cardiac involvement in systemic amyloidosis the amyloid protein involved 

has not been characterized and hence the clinical classification is not 

reliable (5, 6). Clinically manifest cardiac disease was found by Brandt 

and Cohen in 54-607. of patients with amyloidosis secondary to inflammatory 

conditions; however, the nature of the cardiac deterioration was not defi

ned. Browning reported marked cardiac amyloid deposition to be present at 

autopsy in 147. of cases with histochemically proven AA amyloidosis (8 ) . 
Therefore, the need for an investigation, in which the cardiac status of 

both patients with systemic AA and systemic AL amyloidosis is defined, 

remains warranted. 

The definite demonstration of cardiac involvement in systemic amyloidosis 

requires histological proof of amyloid deposition in an endomyocardial 

biopsy (9) . In clinical practice, the diagnosis of cardiac amyloidosis is 

usually suggested by the combination of congestive heart failure and low 

QRS voltage at electrocardiography (5, 6, 10, 11); other electrocardio

graphic abnormalities may be a pseudo-infarct pattern or disturbance of 

rhythm and conduction (5, 6, 12); heart size may be either normal or 

increased on chest radiograph. Clinical, electrocardiographic and roent

genologic abnormalities may be indicative for the existence of an in

filtrative cardiomyopathy, but are in no way specific for amyloid cardio

myopathy. Radionuclide imaging with 99�c-pyrophosphate has been reported 
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by Wizenberg and Lee to be a valuable aid in the non-invasive diagnosis of 

cardiac amyloidosis (13, 1 4) . Others claim that echocardiography is supe

rior to scintigraphy in the detection of cardiac involvement (15, 16); 

this is supported by our observations (17). Echocardiographic findings may 

include increased thickness of heart walls, decreased wall motion and 

reduced systolic thickening (18-21).  

The purpose of this study was to  analyze the clinical, electrocardiogra

phic, roentgenologic and echocardiographic features in both a relatively 

large group of patients with AA and AL amyloidosis. We also studied sys

tolic time intervals , which provide a noninvasive quantitative estimate of 

cardiac function (22, 23). 

7. 2 Patients and methods: 

7.2. 1 Patients: 

The study population consisted of 54 patients with generalized amyloido

sis. The diagnosis of amyloidosis was histologically confirmed in all 

patients by the green birefringence with polarized light after Congo red 

staining of biopsy specimens according to the method described by Puchtler 

(24 ).  The effect of potassium permanganate (KMn04) on the affinity for 

Congo red was used to discriminate between AA and non-AA amyloid (25). A 

search for a monoclonal component (M-component) included immunoelectro

phoresis of serum and concentrated urine. The patients had a complete 

history and physical examination, 12 lead electrocardiogram (ECG), chest 

roentgenogram (chest X-ray), motion-mode (M-mode) and two-dimensional (2D) 

echocardiogram and systolic time intervals (ST!). In 3 AA and 7 AL pa

tients one or more follow-up studies were performed; consequently the 

total number of tests was 34 in the AA group and 36 in the AL group. 

Endogenous creatinine clearance was determined over 24 hourly periods. 

Serum albumin levels were determined by standard automated analysis. 

Hypertension was defined as a diastolic blood pressure higher than 90 mm 

Hg. Heart failure was considered to be present on physical examination in 

patients with jugular venous distension (with or without hepatomegaly or 

peripheral edema) and/or clinical evidence of pulmonary venous congestion. 
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7. 2. 2  Electrocardiography and chest roentgenogram : 

A low voltage ECG (LV-ECG) was defined as a tracing with QRS complexes of 

the standard and unipolar limb leads of 0. 5 mV or less. A "pseudo-infarct" 

ECG pattern was defined as a tracing with either low anterior forces or a 

pattern of an anteroseptal myocardial infarction (pseudo anterior infarct 

ECG) or Q in II, III and AVF (pseudo inferior infarct ECG) in the absence 

of a history of myocardial infarction. Augmented left ventricular voltages 

were said to be present if the S in v1 plus the largest R in v5 or v6 did 

exceed 3. 5 mV (Sokolov index). 

The cardiothoracic ratio (CT-ratio) was used as an expression of heart 

size and was calculated as the ratio of the transverse diameter of the 

heart (measured as the sum of the widest portions of the heart to the 

right and the left of the midline of the spine) to the maximum transverse 

internal diameter of the thorax on the posteroanterior erect X-ray (normal 

value < 0. 5). Pulmonary congestion/edema was said to be present when 

venous dilatation, interstitial (Kerley-B lines) or intra-alveolar edema 

was observed on the chest X-ray. 

7.2.3 Echocardiography and systolic time intervals (see Figure 1): 

Echocardiography was performed with the Toshiba SSH 10 electronic 2D 

system. Recordings of the 2D images were made with a Polaroid camera from 

an ECG triggered picture. The M-mode recordings were produced at a paper 

speed of 50 mm per second with a Textronix heat-processing recorder with 

simultaneous recording of the ECG. All echocardiograms were reviewed by 

the same cardiologist (Dr JPM Hamer). Echocardiographic measurements were 

made in accordance with the standards of the American Society of Echocard

iography (26); the echocardiographic values obtained were compared with 

the normal values given by Feigenbaum (27). The following measurements were 

obtained: a) left ventricular end-diastolic diameter (EDD) , b) left ven

tricular end-systolic diameter (ESD), c) end-diastolic thickness of the 

left ventricular posterior wall (LVPW), d) left ventricular posterior wall 

excursion (PWE), e) end-diastolic interventricular septa! wall thickness 

(IVS) and f) septa! excursion (SE). The values of EDD, ESD, LVPW, and IVS 

were corrected for heart rate (HR) according to the guidelines given by 

DeMaria (28): EDDc= EDD/(-0. 0027xHR + 1. 26), ESDc= ESD/(-0. 0026xHR + 

1.24), LVPWc= LVPW/(0. 0027xHR + 0. 75), IVSc= IVS/(0. 0036xHR + 0. 66). 
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Figure 1 :  Schematic representation of the measurements ob
tained by echocardiography and phono/pulse recording. 
Explanation of abbreviations : Sept= interventricular septum, 
AO= aorta, LV= left ventricle, LVPW= left ventricular post
erior wall thickness, EDD= end-diastolic diameter of the 
left ventricle, ESD= end-systolic diameter of the left ven
tricle, LA= left atrium. Carotid pulse= external carotid 
pulse recording, ET= ejection time, phono= phonocardiogram, 
QIIA= electromechanical interval from the Q of the electro
cardiogram (ECG) to the aortic closure sound. 



STI were obtained from simultaneous high speed recording ( 1 00 mm per 

second) of a phonocardiogram, external carotid pulse and electrocar

diogram. QIIA: total electromechanical systolic interval= interval between 

the onset of the QRS complex and the aortic component of the second heart 

sound; ET: left ventricular ejection time= begins with the upstroke of the 

carotid arterial pulse and ends with the trough of the incisura; PEP: pre

ejection period= QIIA - ET; PEP/ET= ratio of PEP and ET. The values of the 

STI were corrected for heart rate and sex using the regression equations 

of Weissler (22). 

Chi-square test, Wilcoxon ' s  ranksum test and Spearman ' s  ranksum test were 

used for the analysis of the relation among various clinical, echocar

diographic, electrocardiographic, roentgenologic and STI data . 

7. 3 Results: 

7. 3. 1  Type of amyloid, presenting symptom, survival: 

Data concerning the associated disease and the histochemical classifica

tion are presented in Table 1. 30 patients were classified as systemic AA 

amyloidosis and 24 as systemic AL amyloidosis. There were 23 men (13 AA, 

1 0  AL) and 31 women (17 AA, 14 AL) . Median age at diagnosis was 58 years 

both in the AA (range: 25-77 years) and the AL patients (range: 42-78 

years). In 23/24 AL patients a monoclonal component was found: BJ kappa 7 

cases, BJ lambda 7 cases, IgG lambda 6 cases, IgG kappa 1 case and IgA 

lambda 2 cases. The initial symptoms leading to the diagnosis of amyloi

dosis are summarized in Table 2 and were of cardiac origin in 5/24 AL and 

0/30 AA patients (AL versus AA: P<0 . 05). At the end of the study (December 

1 984) 13 AA and 22 AL patients had died (see Table 2) . Death was related 

to cardiac dysfunction in 16  AL patients and 1 AA patient (AL versus AA: 

P<0. 002). Median (507.) survival was 78 months for the AA and 7 months for 

the AL patients. 

-141 -



Table 1: Clinical and histochemical classification of 
54 patients with systemic amyloidosis. 

ASSOCIATED 
DISEASE 

Rheumatoid arthritis 
Recurrent pulmonary infections 
Crohn's disease 
Ankylosing spondylitis 
Psoriatic arthritis 
Reiter's disease 
Familial Mediterranean fever 
Infected burns 
None 

Multiple myeloma 
Monoclonal gammopathy 
Total 

NO 
PAT 

17 
2 
2 
1 
1 

1 
1 

1 
4 
1 

10 
13 
54 

KMn04 

sens 
sens 
sens 
sens 
sens 
sens 
sens 
sens 
sens 
res 
res 
res 

AMYLOID 
PROTEIN 

AA 
AA 
AA 
AA 
AA 
AA 
AA 
AA 
AA 
AL 
AL 
AL 

�=���
-
I<Mno4_sensitive, _res=_I<Mno4_resistant. _ _ _ _ _ _ _ _ _ _ 

Table 2: Presenting symptom and survival in 54 patients with systemic 
amyloidosis in whom echocardiography was performed. 

PRESENTING SYMPTOM AA AL CAUSE OF DEATH AA AL 
========================================================================= 

Proteinuria 19 5 Cardiac failure 0 16 
Renal insufficiency (CrCl<lO* ) 3 1 Myocardial infarction 1 0 

Renal function loss 4 1 Renal insufficiency 5 2 
Heart failure 0 4 Perforated diverticula 3 0 

Heart block 0 1 Infection 2 0 

Paresthesia 0 2 Hepatic failure 1 2 
Fatigue 1 1 Bleeding 0 1 
Gross bleeding 3 0 Ischemic colitis 0 1 
Intestinal pseudo-obstruction 0 1 Unknown 1 0 

Carpal tunnel syndrome 0 2 Total 1 3  22 
Ascites 0 3 
Dysphagia 0 1 
Sicca syndrome 0 1 
Muscle weakness 0 1 
Total 30 24 

* =creatinine clearance (ml/min) 
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7. 3. 2 Clinical features, electrocardiography, X-ray: AA versus AL: 

The clinical, laboratory, roentgenologic and electrocardiographic data are 

summarized in Table 3. Hypertension was more frequently encountered in the 

AA than the AL group. Except for edema, the physical findings of right 

and/or left sided heart failure were more frequently seen in the AL than 

in the AA patients. 

Table 3: Clinical, laboratory, roentgenologic and electrocardiogra
phic features in 54 patients with systemic amylo;dosis. 

FEATURE AA AL P-value 
===================================================================== 

Hypertension n ( 7. )  12(40) 3 (13 ) <0. 05 
Creatinine clearance (ml/min) M 30 50 <0. 05 

R 0-120 0-120 
Serum albumin (g/1)  M 3 1  30 NS 

R 19-52 12-42 
Jugular venous distension n( 7.)  3 (10) 11(46) <0. 01 
Peripheral edema n(7.) 10(33 )  12(50) NS 

Pulmonary rales n ( 7. )  3 (10) 12(50) <0. 01 
Hepatomegaly n(7.) 5(17 ) 13(54) <0. 01 
X-ray: pulmonary congestion n ( 7. )  3 (10) 14(58) <0. 002 
CT-ratio M 0. 48 0. 50 NS 

R 0. 41-0. 56 0. 38-0. 63 
LV-ECG n(7.) 5(17 ) 17 (7 1 )  <0. 002 
Pseudo-infarct ECG n(7. )  2(7 ) 15(63 ) <0.002 

M= median value, R= range, NS= not significant 

Edema without physical signs of cardiac dysfunction was present in 7 AA 

and 3 AL subjects; serum albumin levels were significantly (P<0. 01) lower 

in subjects with peripheral edema (median 25; range 12-35 g/1 )  than in 

those without edema (median 32; range 19-52 g/1 ) .  

Apart from a pseudo-myocardial infarction or low voltage pattern, the 

electrocardiographic abnormalities included one or more of the following 

features : premature ventricular contraction (3 AA, 2 AL) ,  premature supra

ventricular contraction (1 AA, 1 AL),  first degree AV-block (1 AA, 2 AL), 

wandering pacemaker (3 AL), AV nodal escape rhythm (1 AL), complete AV

block (1 AL),  complete right bundle branch block (1 AA, 1 AL) and increas

ed Sokolov index (8 AA, 2 AL). 
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7.3.3 Echocardiography and systolic time intervals : AA versus AL: 

In Table 4 a summary of the results of echocardiographic and ST! data at 

the time of first cardiac evaluation is presented. 

Table 4: Comparison of the results of echocardiography 
and systolic time intervals in 30 AA and 24 AL patients. 

AA patients AL patients P-value 

IVSc (mm) M 1 1  15 <0. 01 
R 8-14 8-33 

SE (mm) M 7 5 <0. 05 
R 0-11 0-20 

LVPWc (mm) M 10  14 <0. 01 
R 7-1 7 6-25 

PWE (mm) M 12 9 <0. 05 
R 2-17 2-18 

ESPWTc (mm) M 21 29 <0. 01 
R 16-30 15-54 

ESPWE (mm) M 18 14 <0. 05 
R 7-26 4-38 

EDDc (mm) M 48 41  <0.05 
R 31-61 19-57 

ESDc (mm) M 31 28 NS 
R 19-42 13-47 

QIIAc (msec) M 534 533 NS 
R 482-646 428-570 

ETI (msec) M 404 389 <0. 05 
R 356-491 322-41 7 

PEPc (msec) M 126 138 NS 
R 90-161 101-178 

PEP/ET M 0. 346 0. 411 <0. 05 
R 0. 205-0. 545 0. 287-0. 643 

M= median value, R= range, IVS= interventricular septa! 
wall thickness, SE= septa! wall excursion, LVPW= left 
ventricular posterior wall thickness, PWE= posterior wall 
excursion, ESPWT= sum of IVS and LVPW, ESPWE= sum of SE 
and PWE , EDD= left ventricular end-diastolic diameter, 
ESD= left ventricular end-systolic diameter, QIIA= total 
electromechanical systolic interval, ETI= left ventric
ular ejection time index, PEP= pre-ejection period ,  
PEP/ET= ratio of PEP and ET , c= corrected according to 
DeMaria (echocardiographic measurements) (28) or Weissler 
(systolic time intervals) (22). 

Septa! wall thickness was increased (>11 mm) in 407. of cases in the AA and 

757. of cases in the AL group, with hypokinetic motion of the septum (<3 

mm) in 137. of the AA and 387. of the AL group. Increased thickness of the 

left ventricular posterior wall (> 11 mm) was noted in 307. of the AA cases 
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and 547. of the AL cases; hypokinesis (<9 mm) was present in 277. of the AA 

and 547. of the AL group . Diastolic left ventricular dimension was reduced 

(<35 mm) in 217. of the AL and 37. of the AA patients. 

Except for 1 AA patient the QIIAc was normal in all ( AA  and AL) patients; 

the PEPc was prolonged in only a minority of patients (1 67. AA, 1 67. AL). 

Shortening of the ETI was noted in 327. of the AA and 637. of the AL sub

jects; PEP/ET was increased in 217. of the AA and 477. of the AL group. 

On follow-up, echocardiographic evidence of progression was found in 2/3 

AA and 4/7 AL patients, in whom serial echocardiographic studies were 

available; in the remaining patients (1 AA, 3 AL) neither progression nor 

regression of echocardiographic findings occurred. 

7.3.4 Electrocardiography, X-ray, echocardiography, systolic time inter

vals: AL patients with versus AL patients without signs of heart failure: 

The above mentioned data are analyzed in Table 5. In the AL patients there 

appeared to be a weak positive correlation between the CT- ratio and the 

sum of the septal and posterior wall thickness (ESPWTc) (R=0.5199, 

P<0. 01); there was no difference in ESPWTc between the patients with and 

those without a low voltage pattern. 

A post mortem examination was performed in 9 AL patients at varying inter

vals after the echocardiographic examination (median 1 month; range 0-8 

months). The results of ante mortem cardiological examination indicated 

cardiac amyloid involvement in all 9 patients, which was confirmed at 

autopsy by the presence of extensive amyloid infiltration of the myocar

dium. The results of ante mortem evaluation in this group of patients were 

as follows: CHF 8/9 ; LV-ECG 5/9 ; CT-ratio: median 0. 50, range 0.41 -0.63; 

IVSc : median 18, range 14-33 mm ;  SE : median 2, range 1-8 mm; LVPWc: median 

16, range 10-21 mm; PWE: median 8, range 5-12 mm; ESPWTc: median 34, range 

26-54 mm; ESPWE: median 11, range 6-20 mm; EDDc: median 36, range 19-51 

mm. 

In AA amyloidosis autopsy was performed in only 1 patient; histological 

examination of the heart revealed slight perivascular amyloid deposition; 

ante mortem echocardiography showed both normal thickness and motion of 

the heart walls. 
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7.4  

Table 5 :  Results of  ECG, echocardiography and systolic 
time intervals in AL patients with signs of heart 
failure versus AL patients without signs of heart 
failure. 

AL/HF + AL/HF - P-value 

No of tests 21 15 
LV-ECG (no) 15 1 1  NS 
CT-ratio M 0. 55 0. 45 <0. 01 

R 0. 46-0. 63 0. 38-0. 57 
IVSc (mm) M 18 1 1  <0. 01 

R 12-33 8-21 
SE (mm) M 3 6 <0. 05 

R 0-8 0-20 
LVPWc (mm) M 16 10 <0. 01 

R 8-25 6-20 
PWE (mm) M 8 10 NS 

R 2-13 6-18 
ESPWTc (mm) M 34 21 <0. 01 

R 20-54 15-41 
ESPWE (mm) M 12 17 <0. 01 

R 4-20 8-38 
EDDc (mm) M 40 44 NS 

R 19-53 30-57 
ESDc (mm) M 29 24 NS 

R 13-42 17-47 
QIIAc (msec) M 514 523 NS 

R 428-570 460-562 
ETI (msec) M 376 402 <0. 05 

R 322-452 351-422 
PEPc (msec) M 139 130 NS 

R 106-178 101-153 
PEP/ET M 0.431 0. 360 <0. 05 

R 0. 348-0. 643 0. 287-0.500 

Explanation of abbreviations: see Table 4. AL/HF += AL 
patients with signs of heart failure, AL/HF -= AL pat-
ients without signs of heart failure, M= median value, 
R= range, NS= not significant - - - - - - - - - - - - - - - - - - - -- - - - - - - -------- - - - - - - - - - - - - - - - - - - - - -

Discussion: 

Cardiac dysfunction due to amyloid infiltration has been reported not only 

in systemic AL amyloidosis (7, 8, 10, 11), but also in familial amyloi

dotic polyneuropathy (32), familial amyloidotic cardiomyopathy (32) and 

senile cardiac amyloidosis (33). 
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Manifestations from the cardiovascular system may be diverse in cardiac 

amyloidosis; Roberts stated that "cardiac amyloidosis needs to be added to 

the list of great cardiac masqueraders" (6). Congestive heart failure is a 

common (in >507. of cases) presentation of cardiac amyloidosis (6, 10, 11). 

The features of amyloid heart disease may also simulate, both on clinical 

observation and at cardiac catheterization, constrictive pericarditis or 

restrictive cardiomyopathy (34, 35), a phenomenon which is assumed to 

result from an increased stiffness of the heart due to amyloid infiltra

tion. At angiography, only the diastolic filling curves are reported to 

distinguish restrictive amyloid from constrictive pericarditis. Restric

tive amyloid cardiomyopathy produces a uniformely delayed left ventricular 

filling, whereas constrictive pericarditis produces a sudden limitation of 

left ventricular filling during the last half of the diastole (48). 

Abnormal impulse formation and conduction are common in cardiac amyloi

dosis (6). There remains controversy concerning the importance of direct 

infiltration of the conduction system as the mean reason for electrocar

diographic abnormalities in amyloidosis (36, 37). Uncommon features of 

cardiac amyloidosis include rupture of the heart (38), myocardial infarc

tion (39-41), pericardial tamponade (42) and valvular dysfunction (43,44). 

This report provides for the first time data on cardiac function of both 

patients with AA and AL amyloidosis. Our results indicate that involvement 

of the heart occurs far more frequently in AL than AA amyloidosis. Never

theless, 

patients 

patients 

patients 

clinically 

with AA 

with AA 

developed 

significant cardiac 

amyloidosis secondary 

amyloidodis associated 

signs of right and left 

disease was encountered in 2 

to rheumatoid arthritis and 1 

with Reiter's disease. All 3 

sided heart failure with con-

comitant diffusely diminished QRS voltage on ECG; there was no history of 

hypertension; the cardiac silhouette was enlarged on chest X-ray in 2/3; 

both IVSc and LVPWc were markedly increased in 2/3 (ESPWTc 30, 33 mm 

respectively); QIIAc was in the range of normal values in 3/3; ETI was 

shortened in 2/3, whereas PEPc was prolonged in 1/3 and PEP/ET in 3/3. 

Because the combination of heart failure, electrocardiographic low volt

age, echocardiographic thickened heart walls and abnormal STI in the 

absence of hypertension is not likely to occur in other conditions than 
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amyloid cardiomyopathy (45), congestive heart failure was in all probabil

ity due to amyloid infiltration in at least 2 of the above mentioned AA 

patients. It should be noticed, however, that hypokinetic wall motion did 

not occur. Unfortunately, no material was available to establish his

tologically whether, indeed, cardiac AA involvement was responible for the 

clinical, electrocardiographic and echocardiographic findings. 

In rheumatoid arthritis amyloid infiltration of the myocardium must be 

differentiated from cardiac dysfunction related to the inflammatory proces 

per se. Although its function is seldomly compromised, the heart is fre

quently involved in rheumatoid arthritis. The syndromes of rheumatoid 

heart disease have been well described and may comprise pericarditis, 

myocarditis, coronary arteritis and chronic endocarditis (46). 

Actually, in one of the above mentioned AA patients with signs of heart 

failure, an endomyocardial biopsy showed histological lesions of myocar

ditis in the absence of amyloid deposition; in this patient both echocar

diographic wall thickness and motion were within the range of normal 

values. 

Hypertension may be an explanation for increased wall thickness and de

creased systolic function in some of the AA patients. Savage et al. found 

a high prevalence of abnormal increased wall thickness and decreased 

ventricular ejection fraction in asymptomatic hypertensive patients; such 

abnormalities were detectable by echocardiography before ECG or chest X

ray abnormalities became apparent (47). Hypertension was more frequently 

encountered in the AA than in the AL group, which may be related to a more 

pronounced deterioration of renal function in the former group; on the 

other hand 7 AL patients, in contrast to only l AA subject, fulfilled the 

criteria of (orhostatic) hypotension, which may be caused by either auto

nomic neuropathy or cardiac amyloidosis. 

Thus, our results indicate that clinically significant cardiomyopathy, 

which is probably due to cardiac amyloid infiltration, may occur in AA 

amyloidosis. In addition, the clinical, electrocardiographic, and echocar

diographic features of cardiomyopathy in AA amyloidosis appeared to resem

ble those found in AL amyloidosis (vide infra). It should be noted that in 

AA amyloidosis cardiac dysfunction may also be related to hypertension or 

to the associated inflammatory disease, particularly in patients with 

rheumatoid arthritis. 
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Of the 24 AL patients 15 (637.) had evidence of congestive heart failure. 

In 3 of them the mode of presentation was that of restrictive cardiomyopa

thy with predominantly right sided findings. AL amyloid infiltration of 

the heart usually produces rather striking, although nonspecific, electro

cardiographic and echocardiographic features. 

The low voltage pattern, that is considered typical of amyloid cardiomyo

pathy, is also found in pericardial diseases . The differentiation of 

(restrictive) amyloid cardiomyopathy from constrictive pericarditis may be 

a difficult clinical problem (35); in rare cases in literatur� the diag

nosis of cardiac amyloidosis was made only after thoracotomy for presumed 

constrictive pericarditis (48). 

Echocardiographic evidence for increased left ventricular mass occurs not 

exclusively in cardiac amyloidosis, but is also found in other infiltra

tive as well as in hypertrophic cardiomyopathies (18). In most conditions, 

however, an increased cardiac mass is accompanied by increased electrocar

diographic voltage (49). 

Yet in amyloidosis of the heart, the infiltrative process results in a 

decrement of electrocardiographic voltage. The combination of increased 

cardiac mass and decreased voltage on ECG may be considered a characteris

tic feature of amyloid cardiomyopathy; the relation between cardiac mass 

and ECG findings in other infiltrative processes (glycogen storage dis

ease, hemochromatosis, hypereosinophilic syndrome) remains to be estab

lished (45). 

A low voltage pattern in combination with an increased ESPWTc was observed 

in 13/24 (547.) of the AL patients. The frequency of a low voltage ECG did 

not differ between the AL patients with and those without signs of conges

tive heart failure. None of the patients with a low voltage ECG showed 

pericardial effusion of significance. No difference in wall dimensions 

could be demonstrated between patients with and those without a low volt

age pattern. All 15 patients suffering from congestive heart failure 

showed advanced echocardiographic changes, whereas increased wall thick

ness was noted in 5/9 subjects without clinical signs of congestive heart 

failure. Other statistically significant differences between AL patients 

with and without congestive heart failure imply heart size on chest X-ray, 

echocardiographic wall motion and the results of ETI and PEP/ET measure

ments. Echocardiographic wall thickness appeared to correlate with heart 
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size on the chest X-ray as measured by the CT-ratio. 

Our observations describe for the first time the correlation between 

clinical cardiac status and echocardiographic, electrocardiographic and 

roentgenologic findings. Our results indicate that echocardiography is the 

best predictor for the degree of cardiac involvement in amyloidosis. The 

severity of echocardiographic changes shows a good correlation with the 

clinical cardiac status. In the early asymptomatic phase of cardiac in

volvement, amyloid may be detected by echocardiography and may be manifes

ted by mild or moderate increase in wall thickness; in clinically sig

nificant cardiac dysfunction echocardiography discloses more or less 

severe thickening and hypokinesis of posterior and septal wall. Thus the 

degree of the echocardiographic changes seems to parallel the reduction of 

myocardial function . 

Although the outcome of ECG seems to be less predictable with regard to 

cardiac amyloid involvement, the combination of a low voltage ECG and 

increased thickness of left ventricular posterior and interventricular 

septal wall is of distinct differential diagnostic value. With regard to 

the conduction disturbances, it must be emphasized that some of them may 

result of aging rather than of amyloid deposition in the conducting sys

tem. Atrial fibrillation, bundle branch block and first degree AV-block 

are relatively common in the elderly without cardiac amyloidosis (SO). 

7. 5 In conclusion : 

1. Amyloid cardiomyopathy is a common feature as well as the most frequent 

cause of death in systemic AL amyloidosis. 

2. In a minority of AA patients clinically significant heart disease 

occurs, which resembles both at electrocardiographic and echocardio

graphic examination the features of cardiac amyloid infiltration found 

in AL amyloidosis. 

3. In AL amyloidosis echocardiographic changes are related to the degree 

of clinical heart disease. 

4 .  Echocardiography seems to be the most sensitive test for the detection 

of cardiac amyloidosis, whereas echocardiographic increased thickness 

of heart walls in combination with a low voltage ECG seems to be 

specific for cardiac amyloidosis. 
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M-mode echocardiographic recording of a patient with AL amyloidosis. The 
recording is made in anteroposterior direction at the level of the tip of 
the mitral valve. Right ventricular wall , interventricular septum and left 
ventricular posterior wall are markedly thickened and show a poor motion 
pattern. The electrocardiogram shows a low voltage and pseudo-infarction 
pattern, together with a first degree AV-block. 
Explanation of abbreviations : RV= right ventricle, LV= left ventricle, 
IVS= interventricular septum, LVPW= left ventricular posterior wall, SE= 
septal excursion, PE= excursion of left ventricular posterior wall. 
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Figure 3: 
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M-mode echocardiographic recording of a patient with AA amyloidosis. The 
recording is made in anteroposterior direction at the level of the tip of 
the mitral valve. The heart walls are strongly thickened. The motion 
pattern is good. In the absence of hypertension and in the presence of the 
development of a low voltage electrocardiogram, the picture fits in a 
diagnosis of cardiac amyloidosis. For abbreviations see Figure 2. 
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SUMMARY 

SAMENVATTING 





Summary: 

The term amyloidosis should be used in a generic sense and is applied to a 

family of diseases, which have as their common denominator organ function 

loss due to the extracellular deposition of a fibrillar protein with a a

pleated sheet conformation. This molecular structure of the fibrils in 

amyloid deposits is considered to be responsible for their staining pro

perties with Congo red and their relative resistance to proteolysis and 

solubilization. 

The human amyloidoses can be divided in systemic and localized forms, 

which in turn may be subdivided in hereditary and acquired forms. Although 

the a-pleated sheet structure is a common characteristic of all types of 

amyloidosis, considerable differences have been demonstrated in the prima

ry structure of the fibrillar protein, which differences appear to be 

related to the clinically recognized pattern of organ dysfunction. During 

the past decade it has been established that amyloid fibril proteins are 

derived from (circulating) precursor proteins by proteolytic cleavage. 

In clinical medicine amyloidosis associated with inflammatory conditions 

(AA amyloid) and amyloidosis associated with plasma cell dyscrasia (AL 

amyloid) are of major importance. AA amyloid is derived from the immuno

chemically related acute phase serum reactant SAA, whereas AL amyloid is 

derived from immunoglobulin light chains. 

The purpose of this thesis is first to define the clinical, pathological 

and laboratory characteristics of amyloid disease, with special emphasis 

on differences in the picture of systemic AA and systemic AL amyloidosis. 

Furthermore, we attempt to provide a diagnostic framework for the evalua

tion of the extent and the degree of organ dysfunction in amyloidotic 

patients. 

Chapter 1 consists of a review of the literature in which the following 

aspects of amyloidosis are discussed: 1. history of amyloid research, 2. 

classification of the amyloid syndromes, 3. a brief discussion of the 

different clinicopathological entities, and 4. pathogenetic considerations 

in the light of the precursor-product concept. 
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In chapter 2 our experience with 154 cases of amyloidosis is reported. The 

potassium permanganate method was employed to differentiate AA amyloid 

from other types of amyloid. The group was composed of 91 patients with 

systemic AA amyloidosis, 53 patients with systemic AL amyloidosis, 5 

patients with familial neuropathic amyloidosis, 4 patients with local 

bronchial and 1 patient with local dermal amyloid. 

The presenting symptoms were of renal origin in the majority (887.) of AA 

patients, whereas the initial picture was more diverse in the AL group, 

comprising, among others, symptoms of renal, cardiac, intestinal, hepatic 

and neuromuscular dysfunction. Diagnosis was made before death in 947. of 

cases. The preferred sites for histological diagnosis included the rectum, 

the kidney and the liver. The rectal biopsy gave positive results in 817. 

of cases; 637. of negative rectal biopsies were adequate, e. g. contained 

submucosa. In one patient significant bleeding after biopsy procedure 

occurred. 

In 877. of the AL patients a monoclonal component was detected in serum or 

urine; in 207. the presence of a monoclonal spike could be detected only by 

immunoelectrophoresis of the concentrated urine. In comparison with a non

amyloidotic group of 621 patients with a monoclonal component, the AL pa

tients showed a pronounced shift to both the Bence-Jones and the lambda 

type of monoclonal component. 

Nephropathy dominated the clinical course of AA patients and was a major 

manifestation of AL amyloidosis as well. Gastrointestinal disturbances, 

hepatic involvement, goiter with or without hypothyroidism, sicca syndrome 

and myopathy were found in both AA and AL amyloid. Clinically significant 

amyloid infiltration of the nervous system, the joints, the skin, the 

carpal tunnel and the tongue occurred in AL patients only. 

From 4 months after diagnosis of amyloidosis prognosis was significantly 

better in the AA patients (median survival 45 months) than in the AL 

subjects (median survival 7 months). Uremia accounted for death in 357. of 

AA patients, whereas death resulted from infection or gastrointestinal 

complications in 167. and 187., respectively. Although the clinical picture 

in AL amyloid was capricious, death was related to cardiac dysfunction in 

the majority (657.) of patients. Finally, the features of localized and 

hereditary neuropathic amyloidosis are discussed. 
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The clinical, pathological and functional characteristics of amyloid 

nephropathy are discussed in chapter 3. We studied 46 AA and 1 1  AL pa

tients, in whom a renal biopsy was performed; amyloid deposits could be 

demonstrated in 43/46 AA and 10/11 AL renal biopsy specimens. The results 

of (appropriate) rectal biopsy appeared to be inconclusive with regard to 

renal amyloid involvement. In AA amyloidosis associated with rheumatoid 

arthritis nephropathy due to AA amyloid deposition must be differentiated 

from nephropathy related to the disease per se or to drugs (e. g. _gold or 

d-penicillamine). 

Proteinuria was more massive in the AL than in the AA patients, whereas 

there was no difference in renal function loss measured by the endogenous 

creatinine clearance. Proteinuria > S g/24 hrs was present in 907. of the 

AL and 497. of the AA patients; no proteinuria of significance was found in 

2 AA patients despite an amyloid containing renal biopsy. Initially pro

teinuria was selective and became non-selective with the progression of 

renal function loss. Urinary protein excretion did not lessen in advanced 

renal failure. Hypertension was present in 217. of cases, hematuria in 197.. 

Enlarged kidneys occurred rarely; kidney size appeared to correlate with 

renal function, with small kidneys being a regular finding in advanced 

renal failure . Renal replacement therapy might favourably alter the course 

and prognosis in amyloid nephropathy, although survival rates after entry 

into a renal replacement therapy were relatively low, compared to a 

general hemodialysis population. 

Chapter 4 describes a new method for the non-invasive assessment of inter

stitial damage in renal amyloidosis. In amyloid nephropathy renal failure 

does develop not mainly as a result of glomerular amyloidosis, but as a 

result of vascular amyloid deposition, which leads to hyalinization of 

glomeruli and interstitial fibrosis with concomitant tubular atrophy. 

We tried to establish the efficacy of the clearance of 99�c-dimercapto

succinate (99�c-DMSA), which represents (proximal) tubular function, as a 

non-invasive test for the degree of tubulopathy and interstitial fibrosis 

in renal amyloidosis. Proximal tubular dysfunction, measured by the rela-

t .  1 of 99m_c-DMSA, d t 1 t b f t f "  d "  1ve c earance T appeare no on y o e a  requen 1n 1ng 

in AA and AL nephropathy, but was also found to correlate with renal 
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function loss and with the degree of interstitial damage in renal biopsy 

specimens. 

As systemic AA and AL amyloidosis differ considerably with regard to 

prognosis and therapy, it is of importance to make an accurate histochemi

cal classification with regard to the amyloid protein involved. 

In chapter 5 the results of an immunohistochemical approach of the clas

sification of the major (AA and AL) amyloid syndromes are reported. 

The unlabeled antibody peroxidase-antiperoxidase (PAP) method was applied 

to renal biopsy sections of patients with 1. idiopathic systemic amyloi

dosis, 2. amyloidosis associated with inflammatory conditions, or 3. 

amyloidosis secondary to plasma cell dyscrasia. We used the following 

antisera: 1. anti-AA antibodies raised in rabbits and purified by affinity 

chromatography, 2. a commercially available whole goat anti-AA antiserum, 

3. the IgG fraction of the whole goat anti-AA antiserum, purified by 

affinity chromatography, and 4. monospecific rabbit antiserum to human 

(S)AP (serum amyloid P component). The results of PAP staining with the 

different antisera were compared with the effect of potassium permanganate 

(KMn04) on the affinity for Congo red. 

PAP staining with the different anti-AA antibodies appeared to be a sensi

tive and specific method for demonstrating AA amyloid deposits, provided 

that the antisera were purified by affinity chromatography on AA-sepha

rose. Furthermore, the specificity of the KMn04 method in differentiating 

between AA and AL amyloid was confirmed by the results of PAP staining 

with purified anti-AA antibodies. Anti-(S)AP antibodies did not only 

produce a staining of both AA and AL amyloid deposits, but also of glome

rular basement membranes and of elastin structures in the wall of blood 

vessels. 

Regarding the prognostic value of the pattern of organ involvement a non

invasive test would be helpful in evaluating the extent of organ involve

ment in amyloid disease, thereby eliminating the possible risk of multiple 

biopsy procedures. Moreover, such a test would be useful to estimate the 

amount of amyloid and might provide a tool to substantiate progressive or 

regressive amyloid infiltration. 
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Chapter 6 describes the results of scintigraphy with the 99mtechnetium-

l b 1 d 1 · k "  h 1 d "  h h (99m...c-MDP) and a e e ca cium-see ing agents met y ene- ip osp onate T 

pyrophosphate (99�c-PYP) as a non-invasive test for the extent of organ 

involvement in 5 different types of amyloidosis (systemic AA , systemic AL, 

local bronchial, local dermal and familial neuropathic amyloidosis) , The 

amyloid affinity for 99mTc-MDP and 99�c-PYP is probably due to the pres

ence in amyloid deposits of calcium bound to the non-fibrillar glycopro

tein AP (amyloid P component), which is a common constituent of all forms 

of amyloid. 

Scanning with 9 9�c-labeled phosphates appeared to be a sensitive non

invasive screening test for the extent and the distribution of organ 

involvement in both systemic AA and AL amyloidosis as well as in localized 

and hereditary neuropathic amyloidosis. However, Pchocardiography seems to 

be more sensitive for demonstrating cardiac involvement in systemic amy

loid than 99�c-MDP or 99�c-PYP scintigraphy , 99�c-MDP images showed a 

better contrast than 99�c-PYP images, although there was no difference in 

the extent or the intensity of soft tissue uptake , In AA amyloidosis 

nephropathy dominates the clinical picture; the scintigraphic pattern of 

organ involvement, however, appeared to be multisystemic, which is com

patible with the histological distribution of amyloid. 

Whereas cardiac dysfunction is considered to be a prominent manifestation 

as well as the major cause of death in AL amyloidosis, there is little 

solid information concerning the occurrence of cardiomyopathy due to AA 

amyloid infiltration. Moreover, publications on cardiac function in amy

loid disease lack a histochemical classification of the patients studied. 

In chapter 7 we report the clinical, functional (systolic time intervals), 

electrocardiographic, roentgenologic and echocardiographic findings in 30 

AA and 24 AL patients, who were well defined with regard to the type of 

amyloid involved. 

The heart was frequently affected in patients with AL amyloid, 737. of whom 

died of cardiac disease. Features of AL cardiomyopathy comprised right 

and/or left sided heart failure, low voltage and pseudo-infarction elec

trocardiogram, disturbance of rhythm and conduction, increased heart size 

on chest roentgenogram, abnormal systolic time intervals and echocar

diographic increased thickness of left ventricular posterior wall and 
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interventricular septum with hypokinetic wall motion and reduced left 

ventricular end-diastolic diameter. 

In AA 

minority 

appeared 

amyloid clinically significant amyloid heart disease occurred in a 

of patients (77.); the characteristics of cardiac AA amyloidosis 

to resemble those of AL cardiomyopathy. In AA amyloidosis as-

sociated with rheumatoid arthritis, cardiac dysfunction due to amyloid 

deposition must be differentiated from cardiomyopathy related to the 

inflammatory condition itself. 

The severity of echocardiographic changes was related to the clinical 

cardiac status. Echocardiography seems to be the most sensitive test for 

the detection of cardiac amyloid involvement, whereas the combination of 

echocardiographic increased heart walls and low voltage electrocardiogram 

might be considered specific for cardiac amyloidosis. 
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Samenvatting: 

Amyloidose is de benaming voor een groep van ziektebeelden, die gekenmerkt 

warden door orgaanfunctiestoornissen, welke het gevolg zijn van de ex

tracellulaire afzetting van een fibrillair eiwit met een �-vouwblad-

struktuur. Deze 

schappen van de 

gevolg de green 

molekulaire struktuur is verantwoordelijk voor de eigen

amyloidfibrillen: 1. affiniteit voor Congorood, met als 

gekleurde dubbele breking bij gebruik van gepolariseerd 

licht, 2. onoplosbaarheid in fysiologisch milieu en 3. resistentie tegen 

proteolyse. 

Wij verdelen 

liseerde en 

de bij de mens voorkomende vormen van amyloidose in geloka

gegeneraliseerde vormen, die beide nader gesplitst kunnen 

warden in verworven en erfelijke vormen. Hoewel de �-vouwbladstruktuur een 

eigenschap is van alle vormen van amyloidose, zijn er aanzienlijke ver

schillen in de primaire eiwitstruktuur (aminozuurvolgorde); deze verschil

len kunnen gerelateerd warden aan verschillen in de klinische manifesta

tie. De laatste jaren is het duidelijk geworden dat de amyloideiwitten 

afkomstig zijn van in het bleed circulerende "voorlopereiwitten". 

Voor de klinische geneeskunde zijn amyloidose samenhangend met chronische 

ontstekingsprocessen en amyloidose geassocieerd met een plasmacel dyscra

sie de belangrijkste vormen. In het eerste geval spreken wij van AA amy

loidose, waarbij de aanduiding "AA" betrekking heeft op het type eiwit dat 

in het spel is; het AA eiwit is afkomstig van het immunochemisch verwante 

acute-fase eiwit SAA. In het tweede geval heet het amyloideiwit "AL", 

omdat het afkomstig is van lichte ketens van immuunglobulinen. 

Het doe! van dit onderzoek is, in de eerste plaats, de klinische, patholo

gische en laboratorium eigenschappen van amyloidose te definieren, waarbij 

speciale aandacht wordt geschonken aan verschillen en overeenkomsten 

tussen gegeneraliseerde AA en AL amyloidose. Verder trachten wij een kader 

te verschaffen voor de evaluatie van de ernst en de omvang van de door 

amyloidafzetting veroorzaakte orgaanfunctiestoornissen. 

In hoofdstuk 1 komen de volgende facetten van amyloidose aan de orde: 1. 

historisch overzicht, 2. klassifikatie en korte bespreking van de ver

schillende amyloidsyndromen en 3. overwegingen ten aanzien van de patho

genetische mechanismen. 
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In hoofdstuk 2 beschrijven wij onze ervaring met 154 patienten met amy

loidose. De zogenaamde "kaliumpermanganaat methode" werd toegepast om 

onderscheid te maken tussen AA amyloid en andere vormen van amyloid. De 

groep bestond uit 91 patienten met gegeneraliseerde AA amyloidose, 53 

patienten met gegeneraliseerde AL amyloidose, 5 patienten met familiaire 

amyloidotische polyneuropathy, 4 patienten met lokaal bronchiaal amyloid 

en 1 patient met lokale amyloidose van de huid. 

De meerderheid (887.) van de AA patienten presenteerde zich met verschijn

selen samenhangend met nierbeschadiging. In de AL groep daarentegen, was 

het initiele beeld meer uiteenlopend met ondermeer verschijnselen van de 

kant van het hart, de nieren, de tractus digestivus, de lever en het 

spier/zenuwstelsel. Bij 947. van de patienten werd de aandoening gedurende 

het leven gediagnostiseerd. De diagnose werd meestal gesteld op biopten 

van rectum, nier of lever. De rectumbiopsie was positief in 817. der geval

len; 637. van de negatieve rectumbiopsieen was adequaat, d. w.z. bevatte 

submucosa. Slechts bij een patient trad er een bloeding op ten gevolge van 

een biopsie. 

Bij 877. van de AL patienten kon een monoklonaal eiwit worden aangetoond in 

serum en/of urine. Het monoklonale eiwit kon in 207. der gevallen alleen 

warden opgespoord door middel van immunoelektroforese van de geconcen

treerde urine. In vergelijking met 621 patienten met een monoklonale 

komponent, maar zonder amyloidose, kwamen bij AL patienten zowel Bence

Jones eiwitten als immuunglobulinen met een lichte keten van het lambda 

type vaker voor. 

Bij AA amyloidose wordt het klinische beeld meestal beheerst door de 

gevolgen van amyloidafzetting in de nieren; echter ook bij AL amyloidose 

treedt nefropathie frequent op. Gastrointestinale verschijnselen, lever

aandoening, struma met of zonder hypothyreo1die, sicca-syndroom en myo

pathie werden zowel bij AL als AA amyloidose aangetroffen. Klinisch mani

feste amyloidinfiltratie van het perifere of autonome zenuwstelsel, de 

gewrichten, de huid, de carpaal-tunnel en de tong kwam alleen bij AL 

patienten voor. 

Vanaf vier maanden na het stellen van de diagnose was het overlevingsper

centage signifikant hoger in de AA groep (mediane overleving 45 maanden) 

dan in de AL groep (mediane overleving 7 maanden). 357. van de AA patienten 
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overleed ten gevolge van nierinsufficientie; andere belangrijke doodsoor

zaken in de AA groep waren sepsis (167.) en gastrointestinale komplikaties 

( 187.). Hoewel het klinisch beeld in de AL groep grillig was, overleed de 

meerderheid (657.) van de AL patienten aan hartfunctiestoornissen. 

Tenslotte warden in dit hoofdstuk de patienten met gelokaliseerde amyloi

dose en familiaire amyloidotische polyneuropathy besproken. 

In hoofdstuk 3 komen de klinische, pathologische en functionele karakte

ristieken van nefropathie t. g. v. amyloidafzetting ter sprake. Wij bestu

deerden 46 AA en 11 AL patienten bij wie een nierbiopsie was verricht. 

Amyloidafzetting was in 43/46 AA en 10/11 AL nierbiopsieen aanwezig. De 

resultaten van een adequate rectumbiopsie bleken niet te mogen warden 

geextrapoleerd naar de nieren wat betreft de aan- of afwezigheid van 

amyloid. Bij patienten met AA amyloidose moet nierbeschadiging ten gevolge 

van amyloidafzetting gedifferentieerd warden van nierlijden samenhangend 

met het onderliggend ziekteproces (b. v. reurnatoide arthritis) of ten 

gevolge van geneesmiddelen (b. v. goud of penicillamine). 

De omvang van de prote1nurie was grater in de AL dan in de AA groep, 

terwijl er geen verschil was in nierfunctieverlies gemeten aan de endogene 

kreatinineklaring. Prote1nurie > 5 gr/24 uur was aanwezig bij 907. van de 

AL en 497. van de AA patienten; bij 2 AA patienten was er geen eiwit aan

toonbaar in de urine, ondanks de aanwezigheid van amyloid in de nierbiop

sie. Zelfs in geval van nierinsufficientie bleek de uitscheiding van eiwit 

in de urine massaal te kunnen zijn. De prote1nurie was aanvankelijk selek

tief, maar werd aselektief met het afnemen van de kreatinineklaring. 217. 

van de patienten had een verhoogde bloeddruk, terwijl hematurie werd 

aangetroffen bij 197.. Er bleek een positieve korrelatie te bestaan tussen 

de niergrootte en de kreatinineklaring. Een toegenomen niergrootte was 

zeldzaam, terwijl kleine nieren als regel aanwezig waren in geval van 

voortgeschreden nierfunctieverlies. 

Hemodialyse en niertransplantatie bleken de prognose van patienten met 

nierinsufficientie op basis van renale amyloidose te verbeteren. Hierbij 

dient echter aangetekend te warden dat de prognose weliswaar verbeterde 

door dialyse, maar niet in dezelfde mate als bij de gehele dialysepopu

latie. 
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Hoofdstuk 4 beschrijft een nieuwe methode voor de niet-invasieve bepaling 

van de ernst van de interstitiele nierbeschadiging, die veroorzaakt wordt 

door renale amyloidafzetting. 

In geval van amyloidnefropathie is nierinsufficientie waarschijnlijk niet 

zozeer het gevolg van glomerulaire amyloiddepositie, als wel van amyloid

afzetting in bloedvaatjes. Dit leidt tot hyalinisatie van glomeruli en tot 

interstitiele fibrose met concomitant optreden van tubulusatrofie. 

De klaring van 99"-rc-dimercaptosuccinaat (99"-rc-DMSA) is een maat voor de 

functie van de (proximale) tubulus. Wij onderzochten de effektiviteit van 

de klaring van 99"-rc-DMSA als een niet-invasieve methode voor het bepalen 

van de ernst van het tubulair funktieverlies en van de mate van intersti

tiele f ibrose in geval van renale amyloidose. 

Het bleek dat de funktie van de (proximale) tubulus, gemeten aan de rela

tieve klaring van 99"-rc-DMSA, vaak gestoord was b ij AA en AL nefropathie. 

Bovendien bleek de relatieve klaring van 99"-rc-DMSA te korreleren met de 

omvang van de interstitiele schade in de gelijktijdig verrichte nier

biopsieen. 

Gegeneraliseerde AA en AL amyloidose verschillen aanzienlijk wat betreft 

prognose en therapeutische benadering. Daarom is het van belang om in 

staat te zijn het amyloideiwit, dat in het spel is, door middel van een 

histochemische methode nauwkeurig te klassificeren. 

Hoofdstuk 5 beschrijft de resultaten van een immunohistochemische methode 

voor de klassifikatie van de belangrijkste (AA en AL) amyloidsyndromen. 

Diverse (zie beneden) antistoffen werden gebracht op coupes van nierbiop

sieen van patienten met 1. " idiopathische" gegeneraliseerde amyloidose, 2 .  

amyloidose geassocieerd met chronische ontstekingsprocessen en 3. amyloi

dose geassocieerd met een plasmacel dyscrasie.  De antilichamen tegen het 

weefselsubstraat werden zichtbaar gemaakt door middel van de peroxidase

antiperoxidase immuuncomplex ( PAP) methode. 

De volgende antisera werden gebruikt: 1. de affiniteitschromatografisch 

gezuiverde IgG fraktie van konijne anti-AA antiserum, 2. ongezuiverd geite 

anti-AA antiserum, 3. de affiniteitschromatografisch gezuiverde IgG frak

tie van dit geite anti-AA antiserum, en 4. monospecifiek konijne antiserum 

gericht tegen menselijk (S)AP (serum amyloid P-komponent). De resultaten 

van de verschillende, met behulp van de "PAP methode" gekleurde antisera, 
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werden vergeleken met het effekt van kaliurnpermanganaat (KMn04) op de 

affiniteit van amyloid voor Congorood. 

Het gebruik van anti-AA antistoffen in kombinatie met de PAP kleuring 

bleek een gevoelige en specifieke methode te zijn voor het aantonen van AA 

amyloidneerslagen in weefselcoupes, op voorwaarde dat affiniteitschromato

grafisch gezuiverde antisera werden gebruikt. Bovendien bleken de resul

taten van deze immunohistochemische methode overeen te komen met die van 

de KMn04 methode. 

Antilichamen gericht tegen (S)AP bezaten niet alleen affiniteit voor AA en 

AL amyloidneerslagen, maar reageerden ook met de glomerulaire basaal

membraan en de wand van bloedvaatjes. 

De ernst en de uitgebreidheid van de orgaanfunctiestoornissen bepalen de 

prognose van patienten met amyloidose. Daarom is het van belang te be

schikken over een niet-invasieve methode, waarmee de orgaansystemen die 

aangedaan zijn in kaart kunnen worden gebracht ; zo zou ook het eventuele 

risico van herhaalde biopsieen geelimineerd kunnen worden. Bovendien zou 

een dergelijke test een middel kunnen zijn om vast te stellen of de omvang 

van de amyloidafzetting toe- dan wel afneemt. 

Hoofdstuk 6 beschrijft de resultaten van scintigrafie met technetium

gemerkt difosfonaat (99in.rc-MDP) en pyrofosfaat (99in.rc-PYP) bij 5 ver

schillende vormen van amyloidose: gegeneraliseerde AA amyloidose, gege

neraliseerde AL amyloidose, lokaal bronchiaal amyloid, lokale amyloidose 

van de huid en familiaire amyloidotische polyneuropathie. De resultaten 

van scintigrafie werden vergeleken met de resultaten van het klinische 

onderzoek en met, voor zover aanwezig, de resultaten van pathologisch

anatomisch onderzoek. De affiniteit van 99in.rc-MDP en 99in.rc-PYP voor amy

loid berust waarschijnlijk op de aanwezigheid van calcium in amyloiddepo

sities; het calcium is gebonden aan het glycoprote1ne AP (amyloid P-kompo

nent), dat onderdeel uitmaakt van alle vormen van amyloidafzetting. 
99m Scintigrafie met Tc-gelabelde fosfaten bleek een gevoelige, niet-in-

vasieve methode te zijn voor het bepalen van het patroon van amyloidafzet

ting in alle door ons onderzochte vormen van amyloidose. Hierbij dient 

echter aangetekend te worden, dat echocardiografie gevoeliger bleek te 

zijn voor 

gg�c-MDP 

het opsporen 

of gg�c-PYP. 

van amyloidcardiomyopathie dan scintigrafie met 

Het contrast van de 9 9�c-MDP afbeeldingen was 
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beter dan dat van de 99�c-PYP plaatjes; er was echter geen verschil in de 

omvang of de intensiteit van de opname in de weke delen. 

Hoewel het klinische beeld van AA amyloidose beheerst wordt door de ver

schijnselen van amyloidnefropathie, bleek de amyloidafzetting, gemeten aan 

het scintigrafische beeld, meerdere orgaansystemen te kunnen omvatten, 

hetgeen in overeenstemming is met de histologische distributie van AA 

amyloid. 

Hartfunctiestoornissen zijn een belangrijk verschijnsel van AL amyloidose; 

de meerderheid der AL patienten overlijdt aan de gevolgen van amyloidcar

diomyopathie. Er is evenwel weinig betrouwbare informatie over het voorko

men van cardiomyopathie bij AA amyloidose . De gegevens in de literatuur 

over de cardiale status van patienten met amyloidose zijn in zoverre 

gebrekkig, dat zij geen informatie bevatten over de histochemische klas

sifikatie van de beschreven patienten. 

In hoofdstuk 7 beschrijven wij de klinische, funktionele (systolische 

tijdsrelaties) , radiologische, elektrocardiografische en echocardio-

grafische bevindingen bij 30 AA en 24 AL patienten; het type amyloideiwit 

is gedefinieerd aan de hand van de resultaten van de KMnO4 methode. 

Het hart bleek vaak aangedaan te zijn bij patienten met AL amyloidose; 737. 

van de AL patienten overleed aan de gevolgen hiervan. De verschijnselen 

van AL cardiomyopathie omvatten onder meer rechts en/of links decompen

satio cordis, een elektrocardiogram met een "low voltage" of "pseudo

infarct" patroon, ritme- en geleidingsstoornissen, een in grootte toege

nomen hartschaduw op de thorax-foto en gestoorde systolische tijdsrela

ties. Daarnaast werden bij echocardiografie de volgende afwijkingen vast

gesteld: een toegenomen dikte van de linker ventrikel achterwand en van 

het interventrikulaire septum, een afgenomen beweeglijkheidspatroon van de 

hartwanden en een verminderde eind-diastolische diameter van de linker 

ventrikel. 

In een klein percentage (77.) van de AA patienten trad klinisch manifest 

hartfalen op, dat waarschijnlijk berustte op amyloidinfiltratie. De 

verschijnselen van cardiomyopathie bij AA patienten waren identiek aan die 

bij de AL patienten. In geval van AA amyloidose geassocieerd met reuma

toide arthritis bleek hartfalen t. g. v. amyloidafzetting gedifferentieerd 
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te moeten worden van hartaandoeningen, die een gevolg zijn van het ontste

kingsproces in engere zin. 

De ernst van de middels echocardiografie vastgestelde afwij kingen bleek 

overeen te komen met de klinische cardiale status. Echocardiografie lij kt 

de meest gevoelige (niet-invasieve) methode te zijn voor het vaststellen 

van amyloidafzetting in het hart. De kombinatie van een echocardiografisch 

aangetoonde toename in de dikte van de hartwanden en een "low voltage" 

elektrocardiogram lij kt een specifieke eigenschap te zijn van 

amyloidcardiomyopathie. 
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