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Rapid deterioration of renal function in amyloidotic children may be due to progression 
of amyloidosis or exacerbation of chronic renal failure (CRF). Continuous ambulatory 
peritoneal dialysis (CAPD) Is superior to hemodialysis (HD) both in end-stage renal 
disease and in exacerbations of CRF In amyloidosis.

A better supply of protein and easier control of hypertension are possible on CAPD, 
while HD is associated with the risk of hypovolemia episodes, cardiovascular 
disturbances and bleeding connected with heparinization. Key words: renal amyloidosis, 
continuous ambulatory peritoneal dialysis, chronic renal failure.

Systemic amyloidosis is an important cause of morbidity and mortality in juvenile 
rheumatoid arthritis (JRA). Renal involvement manifests itself as nephrotic 
syndrome (NS) with a variable degree of renal damage and may progress to 
end-stage renal disease (ESRD)1-6. The current thinking about renal replacement 
therapy in children with amyloidosis is mixed. The purpose of this study was to 
assess the progress of disease and the results of dialysis treatment in children 
with JRA and amyloidosis.

Material and Methods

Eight children with JRA and amyloidosis were referred from the Institute of 
Rheumatology between 1980 and 1991 because of deterioration of renal function. 
Their disease met the American Rheumatic Association's criteria for diagnosis 
of systemic JRA7. The patients' ages at onset of JRA ranged from 1.3 to 8.3 years.

Amyloidosis was suspected when proteinuria or frequent exacerbations of JRA 
appeared. NS was defined as proteinuria greater than 50 mg/kg/day and a serum 
albumin level less than 2.5 g/dl. Renal insufficiency was diagnosed when the 
serum creatinine level exceeded the upper normal laboratory limit of 1.0 mg/dl.
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Amyloidosis was confirmed by renal and/or gingival biopsy in all patients. The 
biopsy specimens were stained for amyloid with Congo red8 and Sirius red9.

Prior treatment of JRA consisted of non-steroidal anti-inflammatory drugs (NSAID) 
in all patients. The next medication for disease control was corticosteroids at a 
daily dose of 0.5-1.0 mg/kg depending on JRA activity. During exacerbations 
of JRA, children received methylprednisolone intravenously.

Chlorambucil at an initial daily dose of 0.1 mg/kg was given to patients 
(Cases 1, 3, 4, 5, 7, 8, Table I) when proteinuria appeared. For active, severe 
polyarthritis and the presence of active extraarticular features (fever, 
hepatosplenomegaly), Cases 1 and 3 received cyclophosphamide, and Case 
3 colchicin, but without good effects.

Table I: Characteristics of Patients with Amyloidosis

Patient

Age Diagnosis (years)

Creatinine at Renal 
Insufficiency 

Diagnosis (mg/dl)
Age at Biopsy. 

Renal* Gingival**
Age at Start of

Dialysis: (years)JRA Proteinuria NS
Renal 
Failure

1 4 6/12 — 8 3/12 10 7/12 1.3 8 5/12* 11
2 3 9/12 — 7 5/12 7 5/12 4.6 7 6/12* 7 5/12
3 8 4/12 9 10/12 11 5/12 11 5/12 1.2 10 5/12* 11 7/12
4 8 9 10/12 11 10/12 12 5/12 2.5 9 10/12** 14 11/12
5 3 3/12 — 5 10/12 9 4/12 9.2 6* 9 10/12
6 3 10/12 5 7/12 6 4/12 8 5/12 1.8 8 7/12* 8 6/12
7 1 4/12 10 7/12 12 9/12 12 9/12 1.51 11 1/12* 15 2/12
8 2 — 7 7 7/12 1.1 4** —

9 3/12*

The course of the disease in all patients is shown in Table I. All patients with 
chronic renal failure (CRF) during the predialysis period and on hemodialysis 
(HD) were given a diet recommended for height age. A high-protein diet 
(protein > 2g/kg/day) was given to patients on continuous ambulatory 
peritoneal dialysis (CAPD).

All children underwent dialysis (HD and/or CAPD). The indications to start 
dialysis treatment in cases 1, 2, 3, 4 and 8, despite relatively low creatinine 
levels, were rapid increase of BUN and creatinine level, acidosis, decreased 
diuresis, in Cases 2, 3, 4, 7 and 8, and ESRD in Cases 5 and 6 severe 
overhydration and hypertension (Table II).

HD was performed three times weekly for an average of nine hours per week. 
CAPD was started with four to five exchanges per day. If renal function improved, 
the initial regimen was reduced to three exchanges.



Table II: Data of Dialyzed Patients

Patients

Creatinine Before 
Exacerbation 

mg %
Creatinine 

mg/dl
BUN 
mg/dl

Albumin 
g/dl

Proteinuria 
mg/kg/d

Diuresis 
ml/kg/d Acidosis

Months on Dialysis

BP 
mmHg HD CAPD Outcome

1 0.57 5.8 94 2.5 70 37.5 + Î 3 12 ESRD after exacerbations of

JRA BP, transplanted

2 0.96 6.0 120 2.0 110 12.5 + ■• 0.5 3 Improvement of Renal

Function, BP°

3 0.8 . 6.3 95 1.8 188 19.0 + Î 1 3

4 1.9 5.0 117 1.5 480 11.5 + T 0.5 — Cardiovascular disturbances, 

BP°, died

5 6.0 13.0 64 2.6 250 20.0 — Î — 17 ESRD, BP°°, Good rehabilitation

6 1.8 16.0 84 1.6 250 9.0 — Î 12 — ESRD, BP°°, Cardiovascular 

disturbances, died

7 1.51 6.63 114 4.8 70 20->0 — Î 5/12 10 ESRD, BP°°, Good rehabilitation

8 1.67 2.55 76 3.4 128 50 + Î — 3 ESRD, BP00, Good rehabilitation

BP° : normal blood pressure.

BP” : good control of blood pressure.
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The serum creatinine level and BUN were checked after a three-day interval 
without dialysis. Renal ultrasound (US) was performed with a Siemens SL Unit 
with 3.5 and 5 MHz transducers operating in real time. The size of the kidney 
was evaluated in relation to the child's height10.

Results
The data of the dialyzed patients are shown in Table II. Progressive weakness, 
weight loss, diminishing diuresis, and bleeding from the gastrointestinal and 
respiratory tracts were observed in Case 1 over three months on HD. Considerable 
improvement of his general condition, regression of articular features and good 
quality of life were achieved despite ESRD when the child was transferred to CAPD. 
After a year on CAPD the child was successfully transplanted.

Cases 2 and 3, after 15 days and one month, respectively, on HD with episodes 
of hypotension and no improvement in renal function, were transferred to CAPD. 
Over a period of three to four months their renal functions gradually improved 
(Table III, Figs 1-2).

Table III: Laboratory Data of Amyloidotic Children with Exacerbation of 
CRF Treated with CAPD

Patient Time on Dialysis 
(months)

Creatinine 
mg/dl

Diuresis 
ml/day

Proteinuria 
mg/kg/day

Effects

HD 0.5 6.0-45.0 200 110 Oliguria
1 5.0-»1.8 1000 43 Renal function

2
C
A
P 2
D

3

1.8-41.5

1.5-41.3

1400

1100

46

49

improvement

2 months after 1.5 2000 75
stopping dialysis

HD 1 6.3-45.07 950 188 Oliguria

1 5.07-41.6 1000 36
Overhydration
Renal function

3

C
A
P 2 1.6-41.3 1300 58

improvement

D
3

2 months after 
stopping dialysis

1.3-41.1
1.1

2000
1700

63
35
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JRA = exacerbation of JRA

Figs. 1-2: The course of disease and treatment regimen in two amyloidotic children.

■ After two weeks on HD, Case 4 died with signs of cardiovascular failure and 
myocardial ischemia.

After seventeen months on CAPD, Case 5 was in good condition, while case 
6 on HD had frequent episodes of hypotension, hypertension and poor 
rehabilitation, and died after a year with signs of cardiovascular disturbance 
and gastrointestinal bleeding.

In Case 7, CAPD was started when the patient's serum creatinine level was 6.63 
mg/dl and evaluated creatinine clearance (ECC) was 10.45 ml/min/1.73 m2 with 
diminishing diuresis and coexisting hypertension requiring four antihypertensive drugs,
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and after three months on CAPD, diuresis increased to 30-40 ml/kg/day, ECC was 
12.37 ml/min/1.73 m2. CAPD was stopped for one month, after which her serum 
creatinine level increased to 6 mg/dl and ECC diminished to 11 ml/min/1.73 m2 despite 
a correct diet. CAPD was restarted.

After ten months Case 7 was transferred to HD for five weeks because of recurrent 
peritonitis. During that time hypertension and anuria developed, the serum creatinine 
level increased to 9.3 mg/dl and ECC diminished to 7.48 ml/min/1.73 m2. JRA 
exacerbations were not observed. Prednisone was given at a daily dose of 5 mg, 
and she was transferred to CAPD again. Despite ESRD she is in good general 
condition and her blood pressure is well controlled.

US of the patients revealed various kidney sizes. Cases 1, 7 and 8 had normal­
sized, hyperechoic kidneys. At the beginning of dialysis treatment, the kidneys 
of Cases 2 and 3 were enlarged and hyperechoic. After three months on CAPD 
their sizes and echogenicity appeared normal. In Cases 4, 5, and 6 with ESRD, 
the kidney size was reduced with a diffuse increase in echogenicity.

Discussion

The effects of dialysis treatment suggest that CAPD is superior to HD both in 
the treatment of CRF exacerbations as well as in end-stage renal amyloidosis 
(ESRA). Differentiation between exacerbation of CRF and ESRA may be difficult, 
in children with rapid deterioration of renal function.

Repeated US is useful as it reveals transient kidney enlargement during CRF 
exacerbations and reduced kidney size with a diffuse increase of echogenicity 
in patients with ESRD, although the kidney size in renal amyloidosis is traditionally 
thought to be enlarged11.

The early commencement of CAPD treatment in CRF exacerbations seems to 
be beneficial. HD treatment is definitely not tolerated as well by young amyloidotic 
patients than by children of the same age with other types of nephropathy.

CAPD makes it possible to avoid episodes of hypotension and bleeding during 
HD and improves control of hypertension which is particularly important when 
albumin infusions are necessary in overhydrated children with depleted 
intravascular volumes. Hypovolemia plays an important role not only in the 
development of CRF exacerbations but also in late prognosis. The nephrotic range 
of proteinuria despite advanced CRF was a characteristic feature in our patients, 
perhaps due to decreased renal tubular transport of protein in renal amyloidosis. 
CAPD made it possible to introduce a high-protein diet leading to improved protein 
balance. In some authors’ opinions, in hypoalbuminémie adult patients with ESRA 
and heavy proteinuria, CAPD can worsen the condition5.
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In our patients on CAPD, increases in serum albumin levels were observed, despite 
heavy proteinuria. In three children treated initially with HD, a significant improvement 
was seen when they were transferred to CADP. In two of them in whom retrospective 
analysis of the course of the disease indicated exacerbation of CRF, a significant 
improvement of renal function was noticed after three months on CAPD. In another 
child who also had exacerbation of renal failure and was treated with HD for several 
months, deterioration of renal function led to ESRD. When the patient was transferred 
to CAPD, renal function remained unchanged but the degree of rehabilitation 
improved noticeably. All of the patients with ESRD on CADP are in good general 
condition, with serum creatinine levels ranging from 6.0 to 7.8 mg/dl.

In light of the observed improvement in renal function in the two above-mentioned 
children with CRF exacerbations treated with CAPD, it may be speculated that 
earlier introduction of CAPD in the latter child may also have been beneficial. 

In adults with ESRA several advantages of CAPD over HD were noted: a similar 
incidence of peritonitis as in non-amyloidotic patients on CAPD, satisfactory quality 
of life, freedom of the circulatory stress of HD, better preservation of hemoglobin level, 
no need for heparinization and vascular access2,12113. Good control of uremia suggests 
adequate dialysis and ultrafiltration across the peritoneum of amyloidotic children.

Besides the advantages of CAPD mentioned above, one cannot rule out the 
possibility that peritoneal dialysis removes some serum precursors of amyloid 
A protein (AA), which is the major component of different types of human 
secondary amyloidosis. This hypothesis requires further study.

The precursor of AA is serum amyloid A (SAA) of molecular weight of 84,000 
to 200,000 daltons. SAA is probably a polymer of low-molecular-weight subunits 
called SAAL, bound to albumin or lipoproteins13-15. We hypothesize that elimination 
across the peritoneum of some medium-sized or low-molecular precursors of 
AA may limit the progression of amyloid deposition.

At the present time little experience has been reported with CAPD in amyloidotic children 
with ESRD and with CRF exacerbations. This treatment modality is very useful in children 
with ESRD, and its role in exacerbations of CRF has yet to be evaluated.

The hypothesis that CADP might improve the outcome of the disease is difficult 
to confirm because many other factors could also contribute to improved outcome 
with periodic exacerbations.

REFERENCES

1. David J, Woo P. Reactive amyloidosis. Arch Dis Child 1992; 67: 258-261.

2. Martinez-Vea A, Garcia C. Carreras M. Revert L, Oliver JA. End-stage renal disease in systemic 
amyloidosis: clinical course and outcome on dialysis. Am J Nephrol 1990; 10: 283-289.

3. Deschenes G, Prieur AM, Hayem F, Broyer M, Gubler MC. Renal amyloidosis ina juvenile chronic 
arthritis: evolution after chlorambucil treatment. Pediatr Nephrol 1990; 4: 463-469.



66 Sieniawska M. et al. The Turkish Journal of Pediatrics
January - March 1996

4. Glenner GG. Amyloid deposits and amyloidosis. N Engl J Med 1980; 302: 1333-1343.
5. Ylinen K, Gronhagen-Riska C, Honkanen E. Ekstrand A, Metsarinne K, Kuhlback B. Outcome 

• of patients with secondary amyloidosis in dialysis treatment. Nephrol Dial Transplant 1992;
7: 908-912.

6. Lindqvist B. Andersen S, Isacsson B, Lundberg E. The course of renal amyloidosis with uraemia. 
Int Urol Nephrol 1989; 21: 555-559.

7. Brewer EJ JR, Bass J, Baum J, et al. Current proposed revision of JRA criteria. Arthritis Rheum 
1972; 20 (Suppl 2): 195-199.

8. Puchtler H, Sweat F, Kuhns JG. On the binding of direct cotton dyes by amyloid. J Histochem 
Cytochem 1964; 12: 900-907.

9. Sweat F, Puchtler H. Demonstration of amyloid with direct cotton dyes; experience with a new 
method for the selective staining of amyloid by Sirius Red F3BA and Sirius Supra Scarlet 
GG-CF. Arch Pathol 1965; 80: 613-620.

10. Dinkel E, Ertel M, Dittrich M, et al. Kidney size in childhood sonographical growth charts for 
kidney length and volume. Pediatr Nephrol 1985; 15: 38-43.

11. Cohen AS. Amyloidosis. In: Massry SG, Glassock RJ (eds). Textbook of Nephrology. Vol. 2. 
Baltimore: Williams and Wilkins, 1983: 140.

12. Browning MJ, Banks RA, Harrison P, et al. Continuous ambulatory peritoneal dialysis in systemic 
amyloidosis and end-stage renal disease. J R Soc Med 1984; 77: 189-192.

13. Cantaluppi A. CAPD and systemic disease. Clin Nephrol 1988; 30 (Suppl 1): 8-12.
14. Baltz ML. Rowe IF, Caspi D, Turnell WG, Pepys MB. Is the serum amyloid A protein in acute 

phase plasma high density lipoprotein the precursor of AA amyloid fibrils? Clin EXp Immunol 
1986; 66: 701-708.

15. Glenner GG. A retrospective and prospective overview of the investigations on amyloid and 
amyloidosis-the B-fibrilloses. In: Glenner GG, Costa PP, de Freites AF (eds). Amyloid and 
Amyloidosis. Amsterdam: Excerpa Medica; 1980: 3-13.


