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Abstract
The aim of our study was to determine the incidence of systemic 

AA amyloidosis (sAAa) in rheumatoid arthritis (RA), to appraise 
the prevalence and severity of amyloid A deposits in different tissue 
structures of the kidneys and heart, to outline the development of 
renal and cardiac AA amyloidosis (rAAa and cAAa) in comparison 
with sAAa, and to estimate the role of rAAa and cAAa in mortality.
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Abbreviations
RA – Rheumatoid Arthritis

sAAa – Systemic AA amyloidosis

cAAa – Cardiac AA amyloidosis

rAAa – renal AA amyloidosis

ACR – American College of Rheumatology

CoD – Cause of death

rAAa-U: Uremia due to massive amyloid A deposition in the 
kidneys

cAAa: lethal outcome exclusively caused by cardiac amyloidosis 
or contribution of cAAa to the death

Cl+: Clinically recognized 

Cl-: Clinically not recognized

DM – type 2 diabetes mellitus

Ath – atherosclerosis

Ht – hypertension

Tb – tuberculosis

mTb – miliary dissemination of tuberculosis

mTu – and malignant tumors

AV – systemic autoimmune vasculitis

AAa – systemic AA amyloidosis

CI – lethal cardiac insufficiency caused by endo-, myo- or 
pancarditis, with or without interstitial pneumonitis

SI – lethal septic infection

PA – purulent arthritis

SD – Standard deviation

ND – No Data

Nm – Not mentioned

HE – Hematoxylin-Eosin stain

PAS – Periodic Acid Schiff reaction

Patients and Methods

One hundred sixty one (161) non- selected autopsy patients 
with clinically confirmed RA were studied.  The sAAa, rAAa and 
cAAa were specified histologically.

Results

sAAa complicated RA in 34 (21.12 %) of 161 patients; in 127 
(78.88 %) of 161 patients amyloid A deposits were not found.

Amyloid A deposits were found in 29 (87.88 %) kidneys and 
in 29 (87.88 %) hearts of 33 patients with sAAa; the kidneys and 
heart were negative for amyloid in 4 (12.12 %) of 33 cases (the 
kidneys and heart of one patient with sAAa were not available).

There was no significant difference in survival time, onset 
or duration of RA between patient cohorts with sAAa, rAAa or 
cAAa, neither between female and male.  Amyloidosis developed 
in both sexes, and at any time in the course of the disease.

Discussion and Conclusions

Systemic AAa is one of the main and the most insidious 
complications of rheumatoid arthritis affecting the kidneys and 
heart with high prevalence and severity.

Systemic AAa is related to the cardiovascular system, and 
rAAa or cAAa is associated with it.  In sAAa the renal or cardiac 
amyloid A deposition starts after a latent stage.  Renal and cardiac 
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amyloid A deposition, like systemic amyloid deposition, is a 
progressive and cumulative process, involving in its early stage 
only a few structures in the kidneys or heart, and increasingly 
more in the later stages of the disease.  Amyloid A deposition 
starts in the most frequently involved structures of the heart with 
more massive deposits.

Nearly half of the patients with sAAa died of uremia caused 
by massive rAAa and only 9 of these were clinically recognized.  
The cAAa led to death or contributed to the lethal outcome in 
nearly one quarter of the patients and all of these were clinically 
missed.  From a prognostic point of view, rAAa and cAAa should 
be considered a very serious, life-threatening complication of RA.

Introduction
Systemic AA amyloidosis (sAAa) is one of the main and 

the most insidious complications of rheumatoid arthritis (RA) 
affecting the kidney and heart with high prevalence and severity 
[1].

The aim of our study was to determine the incidence of sAAa 
in RA, to appraise the prevalence and severity of amyloid A 
deposits in different tissue structures of the kidneys and heart, 
to outline the development of renal and cardiac AA amyloidosis 
(rAAa and cAAa), and to estimate the role of rAAa and cAAa in 
mortality.

Patients (autopsy population) and methods

At the National Institute of Rheumatology 9475 patients died 
between 1969 and 1992; among them 161 with RA and all of 
them were autopsied [1].

RA was confirmed clinically according to the criteria of the 
American College of Rheumatology (ARA) [2].sAAa was specified 
histologically, based on evaluation of 5 organs (heart, lung, liver, 
kidney and pancreas).

Amyloid A deposition was diagnosed histologically according 
to Romhányi [4] by a modified (more sensitive) Congo red 
staining [5].  Amyloid A deposits were identified in serial sections 
by immune histochemical and histochemical methods [6, 7].  
The prevalence (existence) and severity (extent) of amyloid A 
deposition were evaluated microscopically with an Olympus 
BX51 polarizing microscope.

Glossary of definitions 

“Incidence” concerns the proportion of AA amyloidosis in 
our autopsy population, and conveys information about the risk 
of complications.

“Prevalence” concerns how widespread the amyloid A 
deposits are in different structures of various organs.  Prevalence 
of amyloid A was based on the presence of amyloid A in blood 
vessels of different calibers or in different structures of the heart, 
lung, liver, kidneys and pancreas.

Size of blood vessels [8] in tissue samples: arteriole (a) 
no internal or external elastic membrane, less than 500 
micrometers in diameter, small artery (A) – internal elastic 

membrane present, but no external elastic membrane – 500-
1000 micrometers in diameter, medium size artery (AA) – more 
than 1000 micrometers in diameter, internal and external elastic 
membrane present, Venule (v) –, Small vein (V) –, Medium Size 
Vein (VV) – accompanying vessels of (a), (A) or (AA)

Interstitial collagen fiber (I) – in heart: Sub Epicardial, 
Endocardial or intramural localization; in kidneys: Peri renal, 
Peri pelvic or parenchymal (cortical and medullar) localization

Reticulin fiber (collagen IV) (ret) – in Sub Epicardial or in Peri 
renal and Peri pelvic fat tissue

Myocardiocytes (Myo)

Basement membrane of collecting  ducts (BM1)

Basement membrane of cortical convoluted tubules (BM2)

Glomerulus (Gl)

nerve (n)

“Severity” indicates different amounts of amyloid A 
deposition in different tissue structures.  Severity of amyloidosis 
was evaluated by semi-quantitative visual estimation on a 0 to 3 
plus scale (based on the number of involved vessels and tissue 
structures/light microscopic field x40 lens of Olympus BX51).

Semi-objective score system of “severity”:

“0” – no amyloid deposits

“1” –sporadic, minimal amyloid deposits in different tissue 
structures

“2” – less than five involved tissue structures

“3” – five or more involved tissue structures

Remark: in case of AA or VV this corresponds to the absolute 
number of involved medium size vessels of a tissue sample, e.g. 
“0” none, “1” only one,“2” less than five, “3” 5 or more than five 
medium size vessels/tissue sample with a x20 objective lens.

The correlations were determined by the Student (Welch) 
t-probe [9] comparing the age, sex of patients, onset of RA, and 
duration of disease at the time of death with and without sAAa, 
furthermore with rAAa and cAAa.

Results
sAAa complicated RA in 34 (21.12 %) of 161 patients; in 127 

(78.88 %) of 161 patients amyloid A deposits were not found.

Amyloid A deposits were found in 29 (87.88 %) kidneys of 
33 patients with sAAa; kidneys were negative for amyloid in 4 
(12.12 %) of 33 cases (in 1 of 34 patients with sAAa tissue blocks 
of kidneys were not available).

Amyloid A deposits were found in 29 (87.88 %) hearts of 33 
with sAAa; the heart was negative for amyloid in 4 (12.12 %) of 
33 cases (the heart of one patient with sAAa was not available).

Demographics, onset and duration of disease of total 
population (n=161) with (n=34) and without (n=127) sAAa, 
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furthermore with amyloid A deposits in the kidneys (rAAa n=29) 
and heart (cAAa n=29) are summarized in (Table 1).

The relationship (“p”values of correlation) of demographics, 
onset and duration of disease between RA patients with sAAa 
(n=34 of 161) and without sAAa (n=127 of 161), furthermore 
between patients with rAAa (n=29 of 33) and with cAAa (n=29 
of 33) of 161 patients are summarized in (Table 2).

There was no significant difference in survival time, onset or 
duration of RA between patient cohorts with (n=34) and without 
sAAa (n=127) (p< 0.21, p< 0.26, p< 0.46), neither between female 
(p< 0.74, p< 0.52, p< 0.59) and male (p< 0.29, p< 0.52, p< 0.66).

Comparing the age, sex, onset of RA, and duration of disease 

at the time of death there was no significant difference in survival 
time, onset and duration of disease between RA patients with 
sAAa (n=34) and with rAAa (n=29) (p< 0.18, p< 0.31, p< 0.65) 
neither between female (p< 0.70, p< 0.62, p< 0.78) and male (p< 
0.29, p< 0.52, p< 0.66), furthermore between RA patients with 
sAAa (n=34) and with cAAa (n=29) (p< 0.11, p< 0.23, p< 0.67) 
neither between female (p< 0.41, p< 0.46, p< 0.81) and male (p< 
0.29, p< 0.52, p< 0.66), nor between patients with rAAa (n=29) 
and with cAAa (n=29) (p< 0.79, p< 0.86, p< 0.96) neither between 
female (p< 0.66, p< 0.81, p< 0.96) and male (p< 1.00, p< 1.00, p< 
1.00) patients.

Amyloidosis developed in both sexes, and at any time in the 
course of the disease (Tables 1 and 2).

Table 1: Sex, mean age with SD, range, onset and disease duration (in years) of 161 RA patients with (n=34) or without (n=127) sAAa, and amyloid 
A deposits with rAAa (n=29) or cAAa (n=29)

Sex
Number of 
autopsies

Mean age in years at 
death ± SD

Range (in 
years)

Mean age at onset of 
disease ± SD

Disease duration (in 
years) mean ± SD

RA patients (total) 161 65.32±12.95 16 – 88 50.83±16.96 14.43±10.51

Female 116 64.95±11.79 16 – 87 50.19±15.70 14.79±10.65

Male 45 66.29±15.50 19 – 88 52.57±19.88 13.46±10.08

with sAAa 34 of 161 62.41±15.59 19 – 88 47.61±18.04 15.58±9.36

Female 29 64.34±11.07 32 – 83 48.56±15.25 15.70±9.88

Male 5 51.20±28.18 19 – 88 41.25±30.07 14.75±4.44

without sAAa 127 of 161 66.10±12.03 16 – 87 51.77±16.52 14.09±10.80

Female 87 65.15±12.01 16 – 87 50.79±15.82 14.45±10.90

Male 40 68.15±8.84 20 – 87 53.94±17.78 13.30±10.55

with rAAa 29 of 33* 62.03±15.03 19 – 88 47.81±17.78 15.12±9.91

Female 24 64.29±8.83 44 – 83 49.00±14.14 15.18±10.60

Male 5 51.20±28.18 19 – 88 41.25±30.07 14.75±4.44

with cAAa 29 of 33* 60.97±15.94 19 – 88 46.93±18.82 15.00±9.59

Female 24 63.00±10.85 32 – 83 47.91±15.87 15.04±10.22

Male 5 51.20±28.18 19 – 88 41.25±30.07 14.75±4.44

Glossary to Table 1

RA – Rheumatoid Arthritis

sAAa –  systemic AA amyloidosis

rAAa –  renal AA amyloidosis

cAAa –  cardiac AA amyloidosis

SD – Standard Deviation

* – in one of 34 patients with sAAa the tissue blocks of kidneys and heart were 
not available
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Table  2: The statistical correlations (“p” values of significance) between female and male RA patients with and without sAAa, rAAa or cAAa

RA patients n=161 Age Onset of disease Disease duration

With sAAa n=34 of 161 vs without sAAa n=127 of 161 p <0.213 p <0.262 p <0.462

Female n=29 of 34 versus n=87 of 127 p <0.745 p <0.528 p <0.593

Male n=5 of 34 versus n=40 of 127 p <0.297 p <0.521 p <0.662

With sAAa n=34 of 161 pts. versus with rAAa n=29 p <0.189 p <0.316 p <0.652

Female n=29 of 34 versus n=24 of 29 p <0.705 p <0.621 p <0.784

Male n=5 of 34 versus n=5 of 29 p <0.297 p <0.521 p <0.662

With sAAa n=34 of 161 pts. versus with cAAa n=29 p <0.117 p <0.236 p <0.676

Female n=29 of 34 versus n=24 of 29 p <0.415 p <0.461 p <0.816

Male n=5 of 34 versus n=5 of 29 p <0.297 p <0.521 p <0.662

With rAV n=29 of 33 pts. versus with cAAa n=29 of 33 p <0.797 p <0.864 p <0.966

Female n=24 of 29 versus n=24 of 29 p <0.660 p <0.814 p <0.965

Male n=5 of 29 versus n=5 of 29 p <1.000 p <1.000 p <1.000

Glossary to Table 2

RA – Rheumatoid Arthritis

sAAa –  systemic AA amyloidosis

rAAa –  renal AA amyloidosis

cAAa –  cardiac AA amyloidosis

SD – Standard Deviation

Original magnifications correspond to the 24x36 mm transparency slide – the correct height: width ratio is 2:3.
The printed size may be different, therefore it is necessary to indicate the original magnifications corresponding to 

a fixed size (in case of transparency slides this is the 24x36 mm analogue positive)

RA, Kidney, cortical region, advanced stage of rAAa

Massive Amyloid deposits are present in the wall of pre glomerular arterioles, and minimal in Bowman’s capsule of glomeruli

Figure 1a: PAS, x50 Figure 1b: same field as (a) PAS, x125

http://dx.doi.org/10.15226/2374-6882/6/1/00157%0D
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Figure 1c: PAS, x50 stained according to Masson, x50 Figure 1d: PAS, x50 stained according to Masson, x125

Figure 1e: PAS, x50 stained with Congo red, according to Romhányi, 
without alcoholic differentiation, covered with gum Arabic, and viewed 
under polarized light, x50

Figure 1f: PAS, x125 stained with Congo red, according to Romhányi, 
without alcoholic differentiation, covered with gum Arabic, and viewed 
under polarized light, x125.

2. Heart, intramural region of myocardium, early stage of cAAa

Detectable deposits of Amyloid A are present only in the wall of arterioles and small arteries

Figure 2a: Cross-section of myocardium, HE, x200 Figure 2b: length section of myocardium, HE, x200
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Figure 2c: Cross section of myocardium, (c) same field as (a) stained 
with Congo red according to Romhányi, x200

Figure 2d: Length section of myocardium, (d) same field as (b) stained 
with Congo red according to Romhányi, x200

Figure 2e: Cross section of myocardium, (e) same field as (a) stained 
with Congo red according to Romhányi without alcoholic differentia-
tion, covered with gum Arabic, and viewed under polarized light, x200

Figure 2f: Length section of myocardium, (f) same field as (b) stained 
with Congo red according to Romhányi without alcoholic differentia-
tion, covered with gum Arabic, and viewed under polarized light, x200

Characteristics of renal AA amyloidosis

The accumulation of amyloid A deposits in the kidneys was 
a progressive and basically linear process (with exponential 
increment in the end stage).

The quantitative differences of amyloid A deposits in different 
tissue structures of the kidneys (n=29) of 33 RA patients are 
summarized in (Table 3)

In 4 (12.12 %) of 33 RA patients complicated with sAAa there 
was no amyloid A deposition in the kidneys, these represent 
a latent stage of renal amyloidosis (the amount of amyloid A 
deposits was: 0.00).

In 15 (45.46 %) of 33 RA patients with rAAa, the average 
amount of amyloid A deposits of the kidneys were less than <1.0, 
and were regarded as “mild”; in 14 (42.42 %) of 33 patients were 
equal to or more than 1.0 ≤, and were regarded as “severe” 

In patients with mild and severe rAAa, the amyloid A 
deposition in the kidneys – after an early latent stage – run 
basically parallel, and showed a linear growth curve; development 
of rAAa was continuously steady, except the end stage of the 
disease. 

http://dx.doi.org/10.15226/2374-6882/6/1/00157%0D
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Table 3:Prevalence and extent of amyloid A deposits in different tissue structures of the kidneys according to the increasing values of average amounts 
of amyloid A deposits/patient (horizontal lines) and A deposits/structure (vertical columns)

S.No Pr n0/y a A I BM1 Gl ret VV V AA v n BM2 Avg CoD Cl+/- Sex

1 45/74 0 0 0 0 0 0 0 0 0 0 0 0 0,000 cAAa  f

2 155/87 0 0 0 0 0 0 0 0 0 0 0 0 0,000   f

3 243/87 0 0 0 0 0 0 0 0 0 0 0 0 0,000 cAAa  f

4 240/88 0 0 0 0 0 0 0 0 0 0 0 0 0,000   f

5 162/78 1 0 0 0 0 0 0 0 0 0 0 0 0,083   f

6 287/91 1 0 0 0 0 0 0 0 0 0 0 0 0,083 cAAa  f

7 395/76 1 0 1 1 0 0 0 0 0 0 0 0 0,250 cAAa  f

8 76/79 1 1 1 0 0 0 0 0 0 0 0 0 0,250   f

9 266/78 1 1 1 0 0 0 0 0 1 0 0 0 0,333   f

10 430/80 1 1 0 0 0 0 1 1 0 1 0 0 0,417 cAAa  f

11 226/85 1 1 1 0 0 1 0 0 0 0 1 0 0,417   f

12 203/88 2 1 1 2 0 0 1 0 0 1 0 0 0,667 rAAa-U  f

13 52/92 3 3 1 0 0 1 0 0 0 0 0 0 0,667   f

14 183/92 3 1 2 0 0 2 0 0 0 0 0 0 0,667   f

15 80/80 3 2 1 0 3 0 0 0 0 0 0 0 0,750 rAAa-U Cl+ f

16 342/86 3 1 2 0 3 0 0 0 0 0 0 0 0,750 rAAa-U  m

17 306/90 3 0 0 3 3 0 0 0 0 0 0 0 0,750 rAAa-U Cl+ f

18 322/81 3 3 1 0 1 0 1 0 1 0 0 0 0,833 cAAa  f

19 90/85 3 1 2 0 3 0 1 1 0 0 0 0 0,917   f

20 245/88 3 2 2 3 0 0 1 1 0 0 0 0 1,000 cAAa  f

21 43/85 3 2 1 0 3 1 1 1 1 0 0 0 1,083 rAAa-U  m

22 73/87 3 3 2 3 1 2 0 0 3 0 0 0 1,417 rAAa-U Cl+ f

23 39/76 3 3 1 3 3 1 1 1 1 1 0 0 1,500 rAAa-U  f

24 265/80 3 3 3 3 1 3 1 1 0 0 0 0 1,500 rAAa-U Cl+ f

25 137/76 3 3 3 3 0 3 2 1 1 0 0 0 1,583 rAAa-U Cl+ f

26 232/74 3 2 2 3 3 2 3 2 1 1 0 0 1,833 rAAa-U Cl+ m

27 181/80 3 3 3 0 3 3 2 1 3 1 1 0 1,917 rAAa-U Cl+ m

28 174/88 3 2 3 3 2 2 1 2 1 3 0 1 1,917 rAAa-U  f

29 101/90 3 3 2 3 0 3 2 2 1 3 1 0 1,917 rAAa-U  f

30 255/83 3 3 2 3 3 3 2 2 1 1 0 2 2,083 rAAa-U Cl+ f

31 367/75 3 3 2 3 3 3 3 3 1 1 1 0 2,167 cAAa  f

32 237/70 3 3 3 3 2 3 3 2 3 1 0 1 2,250 rAAa-U  f

33 53/87 3 3 3 3 3 3 2 2 3 2 3 2 2,667 rAAa-U Cl+ m

34
No Kidney 

V/T
             rAAa-U  f

 Count 33 33 33 33 33 33 33 33 33 33 33 33 33 24 9  

 Sum 72 54 46 42 40 36 28 23 22 16 7 6 33    

 Average 2,18 1,64 1,39 1,27 1,21 1,09 0,85 0,70 0,67 0,48 0,21 0,18 0,990  0,99  

 SD 1,16 1,22 1,06 1,46 1,39 1,28 1,00 0,88 0,99 0,83 0,60 0,53 0,783    

 „0” values n 4 8 8 18 17 17 16 18 19 22 28 29 4    

 „+” values n 29 25 25 15 16 16 17 15 14 11 5 4 29    

 Prevalence % 87,88 75,76 75,76 45,45 48,48 48,48 51,52 45,45 42,42 33,33 15,15 12,12 87,880    

 Severity% 72,73 54,55 46,46 42,42 40,40 36,36 28,28 23,23 22,22 16,16 7,07 6,06 33,000    

 Pr n0/y a A I BM1 Gl ret VV V AA v n BM2 Avg CoD Cl+/-  
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Remarks to Table 3
Pr n0/y – Protocol number / year
CoD: Cause of death: rAAa-U – Uremia due to massive amyloid A deposition in the kidneys with consecutive renal insufficiency (n=16), 
cAAa – lethal outcome exclusively caused by cardiac amyloidosis (n=3); cAAa – cardiac amyloidosis contributed to the death in further 
5
Cl+: Clinically recognized – Cl- : Clinically not recognized
f: female, m: male
Avg – Average
SD – Standard Deviation
*in 1 of 34 patients with sAAa tissue blocks of kidneys were not available

Abbreviations
arteriole (a), small artery (A), medium size artery (AA), venule (v), small vein (V), medium size vein (VV), interstitial collagen fiber (I), 
reticulin fiber (collagen IV) (ret), basement membrane of collecting ducts (BM1), basement membrane of cortical convoluted tubules 
(BM2), glomerulus (Gl), nerve (n)

Figure 3.1: Mean amount of amyloid A of kidney in early, advanced, late and end stages of rAAa
according to increasing “severity” (“average amount of amyloid A deposits/patient”)

Cohort of 33 RA patients with rAAa
In 4 (12.12 %) of 33 RA patients complicated with sAAa there was no amyloid A deposition in the kidneys, these represent a latent stage of renal 
amyloidosis (the amount of amyloid A deposits was: 0.00); in 15 (45.46 %) patients with mild amyloidosis the amount of amyloid A deposits was: 
0.083 – 0.917, and in 14 (42.42 %) patients with severe renal amyloid A deposition the amount of amyloid A deposits was: 1.000 – 2.667 (Table 3).

In the last 4 of these 14 patients with severe rAAa the amyloid A deposition was extremely severe and exceeded the average amount of 2.0, these 
represent a terminal (end) stage of renal amyloidosis.
The increment with mild and severe rAAa showed a basically linear growth curve, representing the same rate of amyloid A deposition, except in the 
last 4 patients with extremely severe rAAa; in these the increment was exponential.
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The prevalence and amount of amyloid A deposits in different 
tissue structures of the kidneys run parallel to each other.  The 
frequently involved tissue structures showed marked deposits of 
amyloid.  Deposits were less striking in less frequently involved 
tissue structures.

Differences were only found for basement membrane of 
collecting ducts, glomeruli, reticulin fiber (collagen IV), and 
medium size veins, in which it was inverse.

Quantitative differences (prevalence and extent) of amyloid 
A deposits in different tissue structures of kidneys with rAAa are 
summarized in Figure 3.2

Detectable amounts of amyloid A deposits in different 
tissue structures of the kidneys did not appear simultaneously. 
In the early stage of rAAa there were histologically detectable 

amyloid deposits only in a few structures (arterioles, small 
arteries, interstitial collagen fibers), and in advanced stages more 
structures (basement membranes of collecting ducts, glomeruli 
and reticulin fibers) were involved.  In other structures of the 
kidneys (medium size veins, small veins, medium size arteries, 
venules, nerves and basement membranes of cortical convoluted 
tubules) deposits were seen only in late stages of amyloidosis 
with massive involvement of the former Figure 3.3.

The amount of deposited amyloid A was different in 
various tissue structures and increased simultaneously, but the 
proportion of deposited amyloid A was constant and independent 
of the stage of amyloidosis.  The amounts of amyloid A deposits 
in different structures of the kidneys are demonstrated in Figure 
3.3.

Figure 3.2: Prevalence and extent of amyloid a deposits in different tissue structures of the kidneys

Average prevalence and amount of amyloid A deposits in different tissue structures of the kidneys changed basically parallel except the basement 
membranes of collecting ducts (BM1), glomeruli (Gl), reticulin fiber (collagen IV) (ret), and medium size veins (VV) in which it was inverse (Table 3).
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Figure 3.3: Chronology of amyloid A deposition in different structures of the kidneys in 29 (87.88 %) of 33 RA patients with rAAa arranged according 
to the decreasing values of extent of amyloid A deposits/structure

The amount of amyloid A deposits in blood vessels and in different tissue structures of the kidneys are arranged according to their decreasing                            
severity.
Amyloid A deposition did not start at the same time in different tissue structures of the kidneys.  The amount of amyloid A deposits in different tissues 
increased simultaneously, the rate was constant and independent of the stage of amyloidosis..

Characteristics of cardiac AA amyloidosis

The accumulation of amyloid A deposits in the heart was 
a progressive and basically linear process (with exponential 
increment in the end stage).

The quantitative differences of amyloid A deposits in different 
tissue structures of the heart (n=29) of 33 RA patients are 
summarized in (Table 4) and Figures 4.1-4.3.

In the heart (like in the kidneys) amyloid A deposition started 
later than general amyloid deposition in RA patients with sAAa.

In 4 (12.12 %) of 33 RA patients complicated with sAAa there 
was no amyloid A deposition in the heart.

In the heart (like in the kidneys) amyloid A deposition started 
later than general amyloid deposition in RA patients with sAAa.

In 4 (12.12 %) of 33 RA patients complicated with sAAa there 
was no amyloid A deposition in the heart.

In 14 (42.42 %) of 33 RA patients with cAAa, the average 
amount of amyloid A deposits of the heart were equal to or less 
than ≤ 1.0, and were regarded as “mild”; in 15 (45.46 %) of 33 
patients were equal to or more than 1.0< and were regarded as 
“severe” (Table 4).

The distribution of RA patients with mild and severe 
amyloidosis showed basically a linear growth curve, except at the 
early and end stages of amyloid deposition.  In early stage of sAAa 

the amyloid A deposition started abruptly in the heart, and in the 
terminal stage amyloid A deposition progressed again rapidly 
and the growth curve showed an exponential increment (Table 
4 and Figure 4.1).

The prevalence and amount of amyloid A deposits in different 
tissue structures of the heart ran parallel to each other, except 
in medium size veins and Myocardiocytes in which they were 
inverse (Table 4 and Figure 4.2).

The frequently involved tissue structures showed marked 
deposits of amyloid.  Deposits were less striking in less frequently 
involved tissue structures (Table 4 and Figure 4.2). 

Detectable amounts of amyloid A deposits in different tissue 
structures of the heart did not appear simultaneously.  In the 
early stage of systemic amyloidosis there were histologically 
detectable amyloid deposits only in a few structures (arterioles, 
interstitial collagen fibers, small arteries). In other structures 
of the heart (venules, small veins, Myocardiocytes, medium size 
veins and arteries, nerves) deposits were seen only in late stages 
of amyloidosis with massive involvement of the former (Table 4).

The amount of deposited amyloid A was different in 
various tissue structures and increased simultaneously, but the 
proportion of deposited amyloid A was constant and independent 
of the stage of amyloidosis.  The amounts of amyloid A deposits 
in various structures of the heart are demonstrated in Figure 4.3.
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Table 4:  Prevalence and extent of amyloid A deposits i in different tissue structures of the heart according to the increasing values of average 
amounts of amyloid A deposits/patient (horizontal lines) and A deposits/structure (vertical columns)

 Pr n0/y a I A ret v V VV Myo AA n Avg CoD Cl Sex

1 76/79 0 0 0 0 0 0 0 0 0 0 0,000   f

2 155/87 0 0 0 0 0 0 0 0 0 0 0,000   f

3 240/88 0 0 0 0 0 0 0 0 0 0 0,000   f

4 183/92 0 0 0 0 0 0 0 0 0 0 0,000   f

5 243/87 1 1 0 1 0 0 0 1 0 0 0,400 cAAa  f

6 39/76 1 1 0 1 1 0 0 0 0 0 0,400 rAAa-U  f

7 80/80 2 1 0 0 1 0 0 0 0 0 0,400 rAAa-U Cl+ f

8 430/80 1 1 1 1 0 0 0 0 0 0 0,400 cAAa  f

9 266/78 2 1 1 1 0 0 0 0 0 0 0,500   f

10 287/91 2 1 2 0 0 0 0 0 0 0 0,500 cAAa  f

11 226/85 2 2 1 0 1 0 0 0 0 0 0,600   f

12 322/81 2 1 1 1 0 1 1 0 0 0 0,700 cAAa  f

13 306/90 2 2 2 1 1 0 0 0 0 0 0,800 rAAa-U Cl+ f

14 367/75 2 1 2 1 1 1 0 1 0 0 0,900 cAAa  f

15 43/85 2 2 1 1 1 1 1 0 1 0 1,000 rAAa-U  m

16 174/88 2 2 1 1 1 2 0 1 0 0 1,000 rAAa-U  f

17 203/88 2 1 2 2 1 1 1 0 0 0 1,000 rAAa-U  f

18 52/92 3 3 2 2 0 0 0 0 0 0 1,000   f

19 162/78 3 1 2 2 1 1 0 1 0 0 1,100   f

20 342/86 2 3 1 1 1 1 1 1 0 0 1,100 rAAa-U  m

21 395/76 2 2 1 2 2 2 0 1 0 0 1,200 cAAa  f

22 232/74 2 1 2 2 1 2 2 0 1 0 1,300 rAAa-U Cl+ m

23 V/T 2 2 1 2 2 2 2 0 0 0 1,300 rAAa-U  f

24 45/74 3 3 2 2 1 0 0 1 0 2 1,400 cAAa  f

25 137/76 3 2 2 2 2 2 0 1 0 0 1,400 rAAa-U Cl+ f

26 265/80 3 3 2 1 2 1 0 1 1 0 1,400 rAAa-U Cl+ f

27 90/85 3 3 2 1 2 1 0 1 1 0 1,400   f

28 181/80 2 3 1 3 3 2 1 0 0 0 1,500 rAAa-U Cl+ m

29 245/88 3 2 2 2 1 1 1 2 1 0 1,500 cAAa  f

30 255/83 3 1 2 2 2 2 2 0 2 0 1,600 rAAa-U Cl+ f

31 73/87 3 2 2 2 2 2 2 0 1 0 1,600 rAAa-U Cl+ f

32 53/87 3 3 2 2 2 2 3 2 1 3 2,300 rAAa-U Cl+ m

33 101/90 3 3 3 3 2 2 2 3 1 2 2,400 rAAa-U  f

34 No heart            U   

 270/70               

 Count 33 33 33 33 33 33 33 33 33 33 33 24 9  

 Sum 66 54 43 42 34 29 19 17 10 7 32    

 Average 2,00 1,64 1,30 1,27 1,03 0,88 0,58 0,52 0,30 0,21 0,973    

 SD 0,97 0,99 0,85 0,88 0,85 0,86 0,87 0,76 0,53 0,70 0,611    

 „0” values n 4 4 7 7 10 14 21 20 24 30 4    

 „+” values n 29 29 26 26 23 19 12 13 9 3 29    

 Prevalence % 87,88 87,88 78,79 78,79 69,70 57,58 36,36 39,39 27,27 9,09 87,880    

 Severity% 66,67 54,55 43,43 42,42 34,34 29,29 19,19 17,17 10,10 7,07 32,420    

 Pr n0/y a I A ret v V VV Myo AA n Avg CoD Cl Sex
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Remarks to Table 4
Pr n0/y – Protocol number / year
CoD: Cause of death: rAAa-U – Uremia due to massive amyloid A deposition in the kidneys with consecutive renal insufficiency (n=16), 
cAAa – lethal outcome exclusively caused by cardiac amyloidosis (n=3); cAAa – contribution of cardiac amyloidosis to death (n=5)
Cl+: Clinically recognized – Cl- : Clinically not recognized

f: female, m: male
Avg – Average
SD – Standard Deviation
*in 1 of 34 patients with sAAa tissue blocks of heart was not available

Abbreviations
arteriole (a), small artery (A), medium size artery (AA), venule (v), small vein (V), medium size vein (VV), interstitial collagen fiber (I), 
reticulin fiber (collagen IV) (ret), Myocardiocytes (Myo), nerve (n)

Figure 4.1: Mean amount of amyloid A of heart in early, advanced, late and end stages of cAAa according to increasing “severity” (“average amount 
of amyloid A deposits/patient”)

Cohort of 33 RA patients with cAAa

In 4 (12.12 %) of 33 RA patients complicated with systemic AAa there was no amyloid A deposition in the heart, these represent a latent stage of 
cardiac amyloidosis (the amount of amyloid A deposits was: 0.00); in 14 (42.42 %) patients with mild amyloidosis the amount of amyloid A deposits 
was: 0.40 – 1.00, and in 15 (45.45 %) patients with severe cardiac amyloid A deposition the amount of amyloid A deposits was between 1.10 – 2.40.  
In the last 2 of these 15 patients with severe cAAa the amyloid A deposition was extreme severe and exceeded the average amount of 2.0.

The increment with mild and severe cAAa showed basically a linear growth curve, representing the same rate of amyloid A deposition, except in 
the end (terminal) stage with extreme severe cAAa; in this the increment was exponential
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Figure 4.2: Prevalence and extent of amyloid A deposits in different tissue structures of the heart

The prevalence and extent of amyloid A deposits in different tissue structures of the heart were running basically parallel (except the medium size 
veins and Myocardiocytes in which it was inverse.

Figure 4.3: Chronology of amyloid A deposition in different structures of the heart in 29 (87.88 %) of 33 RA patients with cAAa arranged according 
to the decreasing values of extent of amyloid A deposits/structure

The amount of amyloid A deposits in blood vessels and in different tissue structures of the heart are arranged according to their decreasing severity.

Amyloid A deposition did not start at the same time in different tissue structures of the heart.  The amount of amyloid A deposits in different tissues 
increased simultaneously, the rate was constant and independent of the stage of amyloidosis.
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Mortality of renal and cardiac AA amyloidosis

sAAa was lethal in 17 (50.0 % of 34) patients due to massive 
amyloid A deposition in the kidneys, leading to renal insufficiency 
and uremia.  Cardiac amyloid A deposition led to death in 3 (8.82 
% of 34) patients, in further 5 (14.70 % of 34) cases cAAa was 
associated with systemic vasculitis of autoimmune origin (AV), 
atherosclerosis (Ath) or occlusive bronchiolitis and played 
an additive role, contributing to the lethal outcome. Fourteen 
(41.18 % of 34) patients with sAAa died of other causes such as 
autoimmune vasculitis, peritonitis, lethal septic infection, etc.

sAAa was clinically diagnosed – exclusively the cases with 
massive renal amyloid A deposits – in 9 (26.47 %) and missed in 
25 (73.52 %) of 34 patients.

cAAa or its pathogenic role in mortality was not recognized 
(Table 5).

The basic disease, complication(s) and associated diseases of 
34 RA patients with sAAa and the mortality of rAAa and cAAa 
are summarized in Table 5

Table 5:Mortality of rAAa (n=33) and cAAa (n=33) in 34 RA patients with sAAa 
arranged according to the increasing values of average amounts of systemic amyloid A deposits/patient (horizontal lines)

S.no Basic disease Complications Cause of death Associated disease(s) Cl+/ sAAa Pr n0 /year

1 bTu Ependymoma-Vertebral fracture, sAAa Pulmonary embolism RA-Ath-Ht Cl- 0,017 155/87

2 RA AV- Coronary arteriolitis, sAAa Myocardiocytolysis Tb-F-mTb Cl- 0,020 240/88

3 RA sAAa, Duodenal ulcer, Perforation Peritonitis Cl- 0,063 76/79

4 RA AV- Coronary arteritis and arteriolitis, 
sAAa cAAa-Circulatory failure Cl- 0,100 243/87

5 RA Nodular epicarditis, sAAa cAAa-Myocardial necrosis Operated breast Ca Cl- 0,197 287/91

6 RA sAAa, Colitis Peritonitis, Sepsis Cl- 0,256 183/92

7 RA sAAa Lethal SI Ath Cl- 0,278 266/78

8 RA sAAa, sporadic vasculitis** Parafocal pneumonia Ca Bralveolare-Ath Cl- 0,299 226/85

9 RA sAAa cAAa-Circulatory failure Ca of gallbladder Cl- 0,299 430/80

10 RA AV-Coronary arteritis and arteriolitis, 
sAAa cAAa-Myocardiocytolysis TbFc-mTb Cl- 0,346 395/76

11 RA sAAa, Gastric ulcer-Perforation-
Peritonitis Lethal SI Cl- 0,369 162/78

12 RA sAAa rAAa-Uremia Cl+ 0,488 306/90

13 RA sAAa cAAa-Heart failure Cl- 0,529 45/74

14 RA sAAa rAAa-Uremia Ac Neurinom-Ath Cl- 0,547 342/86

15 RA sAAa rAAa-Uremia Ath Cl+ 0,559 80/80

16 Ath Hypertension-Myocardial fibrosis, sAAa Bronchopneumonia RA Cl- 0,613 52/92

17 RA sAAa cAAa-Circulatory failure Cl- 0,651 322/81

18 RA sAAa, Femoral vein and artery thrombosis rAAa-Uremia Cl- 0,657 203/88

19 RA sAAa rAAa-Uremia Ath Cl- 0,820 39/76

20 RA AV-s, AAa Myocardial necrosis Ath-DM Cl- 0,839 90/85

21 RA sAAa rAAa-Uremia Ca of pancreas Cl+ 0,841 265/80

22 RA sAAa, Occlusive bronchiolitis-Multifocal 
pneumonia cAAa-Heart failure DM Cl- 0,881 245/88

23 RA sAAa Uremia* Cl- 0,943 V/T*

24 RA sAAa rAAa-Uremia Cl+ 1,013 232/74

25 RA sAAa cAAa-Myocardial necrosis Ath-DM Cl- 1,116 367/75

26 RA sAAa, AV rAAa-Uremia DM- Ht Cl- 1,164 43/85

27 RA sAAa rAAa-Uremia Cl+ 1,225 137/76

28 RA sAAa rAAa-Uremia Cl+ 1,252 73/87

29 RA sAAa rAAa-Uremia Cl- 1,305 174/88

30 RA sAAa rAAa-Uremia Ath Cl- 1,463 237/70

31 RA sAAa rAAa-Uremia Hypertension Cl- 1,563 101/90

32 RA sAAa rAAa-Uremia DM Cl+ 1,650 255/83

33 RA sAAa rAAa-Uremia Cl+ 1,807 53/87

34 RA sAAa rAAa-Uremia Neurinom Cl+ 1,925 181/80
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Remarks to Table 5
Basic disease: underlying disease related to death.
Complication: consequence of basic disease leading directly to death.
Associated (Accompanying) disease: important disorder without direct causal role in death
Pr n0/y – Protocol number / year
CoD: Cause of death: U – Uremia or U-rAAa –Uremia due to massive amyloid A deposition in the kidneys with consecutive renal insuf-
ficiency (n=17), cAAa – lethal outcome exclusively caused by cardiac amyloidosis (n=3);
cAAa – contribution of cardiac amyloidosis to the death (n=5)
Cl+: – Clinically recognized AAa in 9 (27.27 %) of 33 patients
Cl- : – Clinically not recognized 24 (72.73 %) of 33 patients
*tissue blocks of kidneys were not available
**sporadic vasculitis associated to Ca
bTu: – benign tumor (Ependymoma)
AV: – systemic vasculitis of autoimmune origin
SI: – lethal septic infection
Ath: – Atherosclerosis
Ht: – Hypertension
Tb – Post-primary (Fc – fibrocaseous) tuberculosis 
mTb – active miliary dissemination of Tb
DM – adult type II diabetes mellitus
Myocardiocytolysis – Multifocal microinfarction of myocardium

Comparison of systemic, renal and cardiac amyloidosis

The average prevalence of amyloid A deposition in different 
tissue structures of RA patients with rAAa and cAAa was exactly 
the same (87.88%).

Average amount of amyloid A deposits of the kidneys was 
slightly/ (moderately) more in comparison to the hearts (0.990 vs 
0.973); but this difference was not significant (p<0.921) (Tables 
3, 4) and (Figures 6, 7).

In the kidneys and heart the amyloid A deposition started 
later than systemic amyloid A deposition in other organs of RA 
patients with sAAa.

In the kidneys amyloid A deposited gradually after a latent 
stage and, in contrast to the heart, development of rAAa was 
steady and showed consistently a linear growth curve. In the 
terminal stage of the disease the increment, like in the heart was 
exponential.

In the heart like in the kidneys, after a similar latent period– 
amyloid A deposition set in abruptly, increased gradually, and in 
the terminal stage of amyloid A deposition it progressed again 
rapidly and the growth curve showed an exponential increment.

Development of amyloid A deposition in the kidneys and heart 
of 33 RA patients in comparison with sAAa are demonstrated in 
Figure 5. 

The average prevalence and amount of amyloid A deposits 
run basically parallel in comparable tissue structures of the heart 
and kidneys except for the venules, small and medium size veins 
in which it was inverse (Tables 3 and 4).

Quantitative differences (prevalence and extent) of amyloid A 
deposits in different tissue structures of kidneys and hearts are 
summarized in Figure 6. 
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Figure 5: Amyloid A deposits of the kidneys and heart comparing these to the average amount of amyloid A of 5 organs according to increasing “sever-
ity” (“average amount of amyloid A deposits/patient”)

Cohort of 33-33 RA patients with rAAa and cAAa in comparison with average sAAa of five organs at death, according to increasing values of amyloid 
A deposits (“average amount of amyloid A deposits/patient”) (Tables 3, 4 and 5).

Figure 6: Prevalence and extent of amyloid A deposits in different tissue structures of the kidneys and heart

Average prevalence and amount of amyloid A deposits in different tissue structures of the kidneys and heart basically ran parallel except for venules, 
small and medium size veins in which it was inverse (Tables 3 and 4).
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Discussion
Numerous publications discuss the prevalence of sAAa (Table 

6) in RA with or without its role in mortality, but only a few of 
these mention renal or cardiac involvement [11 – 35]. Place table 
6

It is difficult to estimate the true prevalence of sAAa in RA since 
it depends on the specificity and sensitivity of the demonstration 
technique.  Using a less sensitive staining method some positive 
cases remains undetected. A more specific method potentially 
detects more cases, and reveals earlier stages.  Amyloidosis in 

most studies was diagnosed with different methods of diverse 
specificities and sensitivities.  In most of the early studies the 
prevalence or mortality of sAAa seems to be underestimated, 
presumably due to the limited microscopic examination of 
various organs, including kidneys or heart.  Unfortunately only a 
few studies specify the relationship between systemic and renal 
or cardiac amyloid A deposition (sAAa versus rAAa or cAAa).  
According to our best knowledge a detailed analysis regarding 
the rate of amyloid A deposition in the kidneys and heart, and its 
relationship to sAAa and mortality has not been available in the 
literature.

Table 6:Prevalence and mortality of AA amyloidosis of patients with rheumatoid arthritis at autopsy*
(Extended data published by Miklós Bély and Agnes Apáthy in: EC Cardiology, 2017; 3.5: 170-185 [10])

References
Year of 

Publication
Autopsy 

n=
Prevalence of 

amyloidosis n – %
Mortality of 

amyloidosis n – %
Prevalence of 

rAAa n- %
Prevalence of cAAa 

n-%

Bayles 1943 [11] 23 ND* 3 of 23 – 13.0% Nm Nm

Baggenstoss and 
Rosenberg

1943 [12] 30 2 – 6.6% 1 of 30 – 3.3% Nm Nm

Rosenberg and 
Baggenstoss 

1943 [13] 30 2 – 6.6% 1 of 30 – 3.3% 1/2 – 50.0% Nm

Young and 
Schwedel

1944 [14] 33 5 – 15.2% 0 of 33 – 0% 2/5 – 40.0% Nm

Unger et al. 1948 [15] 58 4 – 6.9% ND Nm Nm

Teilum and Lindahl 1954 [16] 28 17 – 60.7% 7 of 28 – 25.0% 14/17 –82.35% 1/17 –5.88%

Gedda 1955 [17] 45 11 – 24.4% 9 of 45 – 20.0% 9/11 – 81.81% Nm

Sinclair and 
Cruickshank

1956 [18] 16 4 – 25.0% 0 of 16 – 0% 3/4 –75.0% 1/4 –25.0%

Missen and Tailor 1956 [19] 47 8 – 17.0% 4 of 47 – 8.5% 4/8 –50.0% 2/8 –20.0%

Lebowitz 1963 [20] 62 6 – 10.0% ND Nm Nm

Sokoloff 1964 [21] 19 0 – 0% 0 of 19 – 0% ND ND

Cohen 1968 [22] 42 11 – 26% ND “most common”/19 “may be present”/19

Karten 1969 [23] 95 1 – 1.05% ND ND ND

Gritsman 1969 [24] 15 6 – 40.0% ND Nm Nm

Ozdemir et al. 1971 [25] 47 1 – 2.1% ND 1/47 –2.13% 1/46 –2.17%

Gardner 1972 [26] 142 17 – 11.97% ND ND “may be present”

Püschel 1973 [27] 143 15 – 10.5% ND Nm Nm

Vroninks et al. 1973 [28] 62 3 – 4.84% 0 of 62– 0% Nm Nm

Hajzok et al. 1976 [29] 16 7 – 43.7% ND Nm Nm

Eulderink 1976 [30] 111 ND 6 of 111– 5.4% Nm Nm

Rainer et al. 1978 [31] 79 ND 4 of 79– 5.0% Nm Nm

Boers et al. ** 1987 [32] 132 14 – 10.6% ND **14/132 – 10.6% **ND

Bély*** 1993 [33] 161 34 – 21.1% 17 of 161– 11% ***29/34 – 85.29% ***29/34 – 85.29%

Suzuki et al. 1994 [34] 81 17 – 21.0% 6 of 81– 7.4% Nm Nm

Bély and Apáthy*** 2006 [35] 234 48 – 20.5% 20 of 234 – 8.5%% ***46/48 – 95.83% ***47/48 – 97.91%
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Remarks to Table 6
ND – No Data
Nm – Not mentioned
red – different cohorts or number of autopsied patients published by authors in referenced study
*– Amyloid deposits were identified with different staining methods: Toluidine blue, Crystal violet, Syrius red, Congo red staining 
according to Romhányi, Bennhold’s, Puchtler’s, Bély’s Congo red method.
** – 132 patients with RA – only kidneys were discussed (Boers et al)
*** – Prevalence of renal or cardiac involvement by AA amyloidosis was not mentioned in the original publications and could be 
determined retrospectively.

The precursors of amyloid A protein fibrils are produced by the 
liver.  The serum amyloid A proteins spread via the bloodstream 
and are deposited throughout the body.  The level of precursors 
in the blood depends on the production and/or elimination of 
amyloid proteins or, more succinctly, on the dynamics of these 
two processes.

Systemic amyloidosis is related to the cardiovascular system 
as it becomes generalized via the bloodstream, while organ- or 
tissue-limited isolated amyloidosis is not directly related to the 
systemic circulation and remains a localized process [36, 37].

 “All forms of amyloidosis related to the circulation of blood 
are systemic, and all forms of amyloidosis not connected to the 
circulation are isolated (localized)” [36, 37].  This early statement 
was confirmed by Sipe as an important conclusion of XIth 
International Symposium on Amyloidosis, held in Woods Hole, 
Massachusetts, USA, 5- 9 November 2006 [38].

The rate and amount of amyloid deposits existing in various 
organs may be linked to the differences in blood supply per unit 
volume and influenced by the possible incidental elimination of 
deposited amyloid [33, 36].

Amyloidosis is a progressive, cumulative process, involving 
in its early stage only a few structures in some organs, and 
increasingly more in the later stages of the disease [1, 33, 36, 39, 
40, and 41].

The degree of amyloid A deposits of expected kidneys and 
heart demonstrates a progressive cumulative process Figure 
6.  Renal or cardiac amyloid A deposition, despite a copious 
blood supply and lavish vascularization of the kidneys and 
heart, is delayed in comparison with systemic manifestation of 
amyloidosis in some other organs.  This latency may be caused 
by a not specified local protective mechanism, e.g. great excretion 
capacity of the kidneys, or due to motility and oxygenisation of 
the heart, etc.,

The more massive deposition in the basement membranes 
(BM1) of collecting ducts in the papillary (less oxygenated) 
region of the kidneys suggests the role of hypoxemia (Table 3).

In the heart the role of relative hypoxemia is supported by the 
fact as well, that amyloid A deposits are present earlier and are 
more prominent in the relatively less oxygenated Subepicardial 
regions of the myocardium in comparison with its deeper, more 
supplied central portions.

The stages of rAAa and cAAa in RA patients demonstrate 
the same progressive, cumulative pathological process shown in 
Figures 6 and 7.

The steady and continuous (consistently linear) accumulation 
of amyloid A in the kidneys may be related to a gradual deposition 
of amyloid A in different tissue structures.  The exponential 
increment in the end stage rAAa may be due to the decreasing 
excretory capacity due to consistent amyloid A deposition in the 
glomeruli.

Except for early and late stages, the accumulation of amyloid 
A in the heart was basically linear, similar to that in the kidneys.  
The latent stage of cAAa changed abruptly, which may have been 
caused by overloading of the local protection.  The terminal rapid 
accretion may be due to massive amyloidosis of the kidneys in 
the end stage of rAAa, with the totally blocked renal excretion of 
precursors.

Prevalence and severity of amyloid A deposits in different 
tissue structures of the kidneys and heart signify different aspects 
of the same pathological process which usually run parallel to 
each other Figure 6.

Amyloid A deposition starts in the most frequently involved 
structures of the most frequently involved organ [1, 33, 36, and 
42].

In the kidneys amyloid A starts depositing in the wall of 
arterioles, small arteries and interstitial collagen fibers of the 
cortex.  Basement membranes of collecting ducts, glomeruli, 
and peripelvic or perirenal reticulin fibers (collagen IV of fatty 
tissue) are involved later.  The involvement of peripelvic nerves 
and cortical basement membranes of the convoluted tubules 
indicates advanced stages of amyloid deposition in the kidney.

In the heart deposition of amyloid A starts in the wall of 
arterioles and interstitial collagen fibers of the myocardium.  Small 
arteries and Subepicardial reticulin fibers (collagen IV of fatty 
tissue) are involved later.  Deposition within the Myocardiocytes 
and involvement of the nerves indicates advanced stages of 
amyloidosis in the heart.

The average prevalence and amount of amyloid A deposits 
were consequently inverse in venules, small and medium size 
veins of heart compared to the kidneys (heart: v-V-VV, versus 
kidneys: VV-V-v; Figure 7).  The sequence of amyloid A deposition 
in veins of kidneys may be caused by stasis and retrograde 
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accumulation of circulating precursors from medium size veins, 
due to circulatory failure, caused by terminal rapid accretion of 
amyloid A deposition in the heart (Figure 6).  The role of stasis is 
supported by similar chronology of amyloid A deposition in veins 
of pancreas or liver, etc., [43].

The constant and permanent relationship between amyloid 
A deposits in different structures approximately indicates the 
amount of amyloid depositions in other structures of the kidneys 
or heart (Figures 3.3 and 4.3), even in cases in which some 
structure are not present in a biopsy specimen [42, 44].

Conclusions
Systemic AAa is one of the main and the most insidious 

complications of rheumatoid arthritis affecting the kidneys and 
heart with high prevalence and severity.

Systemic AAa is related to the cardiovascular system, and 
rAAa or cAAa is associated with it.  In sAAa the renal or cardiac 
amyloid A deposition starts after a latent stage.  Renal and cardiac 
amyloid A deposition, like systemic amyloid deposition, is a 
progressive and cumulative process, involving in its early stage 
only a few structures in the kidneys or heart, and increasingly 
more in the later stages of the disease. Amyloid A deposition 
starts in the most frequently involved structures of the heart with 
more massive deposits.

Nearly half of the patients with sAAa died of uremia caused 
by massive rAAa and only 9 of these were clinically recognized.  
The cAAa led to death or contributed to the lethal outcome in 
nearly one quarter of the patients and all of these were clinically 
missed.  From a prognostic point of view, rAAa and cAAa should 
be considered a very serious, life-threatening complication of RA.
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