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ABSTRACT  

Amyloidosis is a rare systemic condition caused by extra-
cellular deposition of misfolded fibrillary protein aggre-
gates leading to progressive organ dysfunction. The kid-
ney is a common site of amyloid deposition, with variable 
clinical presentations. Here, we will review pathophysi-
ology, clinical manifestation, diagnosis and management 
of renal AA amyloidosis. Although significant progress 
has been made in understanding the disease pathophysi-
ology and improving diagnostic yield, the treatment op-
tions remain limited, and the overall prognosis depends 
on the control of underlying inflammation. 
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INTRODUCTION 

Amyloidosis is a rare but serious systemic disorder caused 
by deposits of pathogenic aggregates of misfolded proteins 
called amyloid in organs and tissues. Due to the conforma-
tional changes, soluble peptides in their normal configu-
rations turn into a common insoluble fibrillar appearance 
with a structure rich in anti-parallel β-pleated sheet. The 
pathological process starts with a nucleation after a criti-
cal concentration of amyloid protein is reached, followed by 
aggregation and rapid expansion in the extracellular matrix, 
ultimately generates protofilaments that interact to form 
fibrils [Figure 1].1 Both glycosaminoglycan and serum amy-
loid P can stabilize the structural changes in amyloid pre-
cursors to promote fibrillogenesis and prevent proteolysis/

degradation.2,3 Once formed, all amyloid proteins share a 
characteristic tinctorial property, showing an apple-green 
birefringence when observed under polarized light after 
Congo red staining or a yellow–green fluorescence after thio-
flavin S staining. 

The origins of amyloid protein are quite diverse, with 
some resulting from genetic mutations and others due to 
deranged or dysregulated protein processing. Currently, at 
least 36 different amyloid proteins have been identified,4 
resulting in localized or systemic amyloidosis. They can be 
divided into the following types: AL (amyloid light-chain) 
amyloidosis, AH (amyloid heavy-chain), AA (amyloid A 
protein) amyloidosis, the familial or hereditary amyloidoses 
(i.e., TTR, apolipoprotein, fibrinogen A, lysozyme, cysta-
tin, etc.), senile systemic amyloidosis, and dialysis-related 
β2-microglobulin amyloidosis. AL or AH amyloidosis is 
associated with plasma cell dyscrasia with increased light 
chain or heavy chain production. AA amyloidosis is associ-
ated with chronic inflammation from systemic autoimmune 
disease, infections and neoplasm. In familial amyloidoses, 
altered protein becomes amyloidogenic due to genetic muta-
tions. TTR amyloidosis includes familial mutant transthyre-
tin (ATTRm) amyloidosis, and senile systemic amyloidosis 
(SSA) involving wide-type TTR protein with amyloid deposit 
predominantly in the heart. Amyloidosis can also be cate-
gorized as being primary, secondary, hemodialysis-related, 
hereditary, senile, or localized.

RENAL AA AMYLOIDOSIS 

The culprit of AA amyloidosis is a proteolytic fragment of 
serum amyloid A (SAA) protein, an acute-phase reactant 
made by liver whose expression dramatically increases in 
response to proinflammatory cytokines. Of the original 104 
amino-acid SAA protein with a predominant α-helical struc-
ture, only the N-terminal fragments containing 66–76 ami-
no-acid are commonly found in amyloid fibrils.5 Therefore, 
both proteolytic action and a structural change adopting a 
cross-pleated sheet configuration are required for the devel-
opment of AA amyloidosis. The fact that only a minority 
of patients with chronic inflammation and elevated blood 
SAA levels developed AA amyloidosis suggests a possible 
genetic predisposition.5 Indeed, in patients with familial 
Mediterranean fever, SAA1 polymorphism (specifically a/a  

Figure 1. Amyloid fibril formation
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genotype) has a significant and independent association with 
renal amyloidosis.6  Similar association between SAA1 gene 
polymorphism and AA amyloidosis was identified in a Japa-
nese cohort with rheumatoid arthritis.7 Sustained release of 
inflammatory cytokines stimulates liver to synthesize and 
release SAA protein, which turns into pathologic amyloid 
fibrils after abnormal protein processing and mis-folding. 
Glycosaminoglycans (GAG) can stabilize the mis-folded 
amyloid precursors and amyloid fibrils and inhibit their 
degradation. Figure 2 shows the process of AA amyloid 
formation.

The kidney is the most common organ affected by AA 
amyloidosis due to its filtering property. Renal manifesta-
tions, typically as nephrotic range proteinuria and reduced 
renal function, occur in 80–90% of cases with amyloidosis 
and portend a poor prognosis. According to a Mayo clinic 
registry of biopsy proven AA amyloidosis, 100% had SAA 
amyloid deposit in the kidney. Among them, over 90% had 
proteinuria and/or renal insufficiency.8 In another large case 
series, nephrotic syndrome was present in 39% of patients 
on presentation, whereas sub-nephrotic proteinuria with 

and without renal dysfunction was found in 42% and 20% 
of patients, respectively.9 Table 1 lists the patient charac-
teristics and renal manifestations of AA amyloidosis from 
three large cohorts. 

ETIOLOGIES 

AA amyloidosis is considered to be reactive amyloidosis 
to chronic inflammation. As a result, inflammatory condi-
tions including rheumatic/autoimmune diseases, autoin-
flammatory syndromes (i.e., Familial Mediterranean fever) 
and infections are commonly implicated. Malignancy has 
been linked to AA amyloidosis in less than 10% of cases.10-

12  Recently, obesity has been increasingly recognized as a 
potential cause of AA amyloidosis due to the presence of 
persistent low grade inflammation.13-15 Overall, 15% of cases 
are considered “idiopathic” without an identifiable cause. In 
such cases, a hereditary form related to SAA gene mutation 
may be present and genetic testing should be pursued.16 

PATHOLOGICAL DIAGNOSIS 

Amyloid can be present anywhere inside the kidney, but 
the glomerular deposits are most prominent. Under light 
microscopy, these amyloid deposits appear as amorphous 
material. Inside glomeruli, capillary loop deposits can be 
segmental or global, and the mesangial deposits if extensive 
can lead to nodular formation resembling Kimmelstiel-Wil-
son lesions of diabetic nephropathy. In rare occasions, the 
amyloid deposits can lead to glomerular basement mem-
brane dissolution and crescent formation. Crescents in 
amyloidosis is rare, and is usually associated with AA 

Figure 2. Formation of AA amyloid
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#, participants 64 121 86

Age, years 51/64(median, men/women) 43 (mean) 62 (mean)

Gender (men), % 59 69 42

Underlying diseases Rheumatologic disorders (66%), 

chronic infections (17%), inflammatory 

bowel disease (9%), others (8%)

FMF (37.1%), TB (24.7%), chronic 

rheumatologic diseases (8.2%), COPD 

(6.6%), others or unknown (23.1%)

Not reported 

Renal presentations Median serum creatinine =2mg/dl, 

median urine protein =4.2 grams/day

Mean serum creatinine = 2.3 mg/dl, 

mean urine protein =6.7 grams/day

Mean serum creatinine = 2.0 mg/dl, 

mean urine protein =5.0 grams/day

Follow-up Renal 

outcomes

Median follow up of the 17 survivors 

=42 months. 35% developed ESRD. 

Mean follow up= 38.2 ± 37.2 months. 

56.2% developed ESRD. Mean renal 

survival was 64.7 months. Renal 

survival rates at 1, 2 and 5 years were 

81.7%, 67.3% and 46.1%, respectively

Median time of follow-up = 30 

months. 47% developed ESRD

Mortality 74% died, primarily as a result of renal 

failure. Median survival =24.5 months

41% died, primarily from complications 

of renal failure. Mean overall survival 

was 88.7 ± 7.8 months. Survival rates 

at 1, 2 and 5 years were 80.7%, 68.2% 

and 51.3%, respectively

40% died from complications of 

amyloidosis. Median survival =79 

months. Cumulative survival at 2 

and 5 years were 74% and 51% 

respectively 

Table 1. Renal manifestations and survival of AA amyloidosis

Abbreviations: TB: Tuberculosis; COPD: Chronic obstructive pulmonary disease; ESRD: End-stage renal disease. 
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amyloidosis.17 Amyloid deposits can also involve extraglo-
merular vessels (i.e., arterioles) and tubulointerstitium, and 
sometimes be isolated to renal medulla eluding diagnosis if 
biopsy sample is superficial.18 These deposits can be readily 
identified by their ability to bind Congo red or thioflavin-T, 
and confirmed by serum amyloid A stain via immunohis-
tochemistry. It should be noted that AA amyloid deposits 
can sometimes trap immunoglobulin light chain leading 
to false positive immunofluorescent staining.19 Under elec-
tron microscopy, classic amyloid fibrils should be seen, and 
immune complex−type deposits are typically absent.

CONGOPHILIC STAINING AND AMYLOID TYPING  

Congo red dye, despite its strong affinity for β-sheet struc-
tures, can bind to non-amyloid proteins in tissue sections,20 
leading to a false-positive diagnosis. Furthermore, false-neg-
ative Congo red stains have also been documented,21 further 
limiting its diagnostic utility. To overcome this limitation, 
Shehabeldin et al used Texas Red–filtered fluorescence 
microscopy to enhance the amyloid-specific congophilia, and 
reported an increased diagnostic yield and improved diag-
nostic specificity.22 Once the tissue amyloid deposition is 
established, the amyloidogenic proteins can be further iden-
tified by mass spectrometry after laser-microdissection.23 

MANAGEMENT AND OUTCOMES

The goal is to treat underlying inflammatory disease and 
suppress SAA production. Studies using agents targeting 
inflammatory cytokines including interleukin 6 and tumor 
necrosis factor-α have shown promising results.24,25 Eprodi-
sate, a novel therapeutic blocking the interactions between 
glycosaminoglycan and amyloidogenic proteins have also 
been developed, to reduce polymerization and promote 
breakdown of pathogenic amyloid fibrils. A phase II multi-
center trial in patients with renal AA amyloidosis, showed 
that eprodisate significantly slowed down the rate of kidney 
function decline.26

In patients progressing to end-stage renal disease (ESRD), 
either hemodialysis or peritoneal dialysis can be offered, 
with potential complications including hypotension and 
peritonitis depending on the extent of extra-renal involve-
ment of AA amyloidosis. Ultimately, kidney transplan-
tation might be an effective therapeutic option although 
clinical experiences have been limited so far. A small study 
of living donor kidney transplant indicated that patient and 
graft survivals were similar in AA amyloidosis and matched 
non-amyloidotic controls.27 

AA amyloidosis involving kidneys has been associated 
with high morbidity and mortality. Despite treatment, pro-
gression to ESRD is fairly common, with an extremely low 
rate of renal recovery.9  In an Italian cohort of AA amyloi-
dosis, the mean rate of glomerular filtration rate decline 

was 2.3 ml/min per month with a median renal survival 
of only 25 months after diagnosis. Overall, 47% progressed 
to ESRD in that cohort.28 AA amyloidosis is also associ-
ated with reduced renal allograft survival and a high risk of 
disease recurrence after kidney transplantation.29 Further-
more, serum creatinine concentration at presentation is 
also highly predictive of mortality in patients with AA amy-
loidosis.9 Indeed, renal complications were found to be the 
main cause of death, with median survival ranging from 24 
to 53 months after the diagnosis is established.8,30 Once on 
dialysis, survival rates at one year ranged from 30% to 72% 
based on the observations from various cohorts.9,31-33 

	The overall prognosis is largely hinged upon the control 
of underlying inflammatory process. In a seminal study of 
80 patients with AA amyloidosis who were followed pro-
spectively for 12–117 months. Among those with controlled 
inflammation and normalized serum SAA concentrations, 
60% had regressed tissue amyloid deposit, and 93% had sta-
bilized or improved amyloidotic organ function. However, 
the amyloid disease burden increased, and organ function 
deteriorated in most of those whose SAA levels remained 
significantly elevated. Estimated patient survival at 10 years 
was 90% in patients with normalized SAA concentration, 
but only 40% in those with elevated SAA level (p=0.0009).34 

Lastly, AA amyloidosis can recur after kidney transplan-
tation. The risk of recurrence is closely associated with the 
presence of uncontrolled chronic inflammation or persistent 
infections. Therefore, it is essential for transplant nephrol-
ogists to thoroughly evaluate and rule out any ongoing 
inflammatory or infectious processes before proceeding with 
transplantation. Patients are generally advised to remain dis-
ease-free for a period of at least six months, although the 
optimal duration has not been definitively established.

CONCLUSION 

Renal AA amyloidosis is a serious condition with vari-
able clinical manifestations. Its diagnosis requires a high 
degree of clinical suspicion and timely recognition. Newer 
therapeutic agents have been studied to suppress systemic 
inflammation, generating hopes of targeted therapy with 
better tolerability and efficacy. Given the rarity of this dis-
ease and its potential to affect multiple organ systems, a 
specialized multidisciplinary care model has been adopted; 
however, data on the long-term outcomes of this approach 
are still needed.

CLINICAL REVIEW

53O C T O B E R  2 0 2 5   R H O D E  I S L A N D  M E D I C A L  J O U R N A L   R I M J  A R C H I V E S  |  O C T O B E R  I S S U E  W E B P A G E  |  R I M S 5

http://rimed.org/rimedicaljournal-archives.asp
http://www.rimed.org/rimedicaljournal-2025-10.asp
https://www.rimedicalsociety.org


References 

1.	 Merlini G, Bellotti V. Molecular mechanisms of amyloidosis. N 
Engl J Med. 2003;349:583-96.PMID;12904524

2.	 Scholefield Z, Yates EA, Wayne G, Amour A, McDowell W, 
Turnbull JE. Heparan sulfate regulates amyloid precursor pro-
tein processing by BACE1, the Alzheimer’s beta-secretase. J Cell 
Biol. 2003;163:97-107.PMID;14530380

3.	 Yamaguchi I, Suda H, Tsuzuike N, et al. Glycosaminoglycan 
and proteoglycan inhibit the depolymerization of beta2-micro-
globulin amyloid fibrils in vitro. Kidney Int. 2003;64:1080-8.
PMID;12911560

4.	 Picken MM. The Pathology of Amyloidosis in Classification: A 
Review. Acta Haematol. 2020;143:322-34.PMID;32392555

5.	 van der Hilst JC. Recent insights into the pathogenesis of 
type AA amyloidosis. ScientificWorldJournal. 2011;11:641-50.
PMID;21403980

6.	 Gershoni-Baruch R, Brik R, Zacks N, Shinawi M, Lidar M, 
Livneh A. The contribution of genotypes at the MEFV and SAA1 
loci to amyloidosis and disease severity in patients with famil-
ial Mediterranean fever. Arthritis Rheum. 2003;48:1149-55.
PMID;12687559

7.	 Ajiro J, Narita I, Sato F, et al. SAA1 gene polymorphisms and the 
risk of AA amyloidosis in Japanese patients with rheumatoid 
arthritis. Mod Rheumatol. 2006;16:294-9.PMID;17039310

8.	 Gertz MA, Kyle RA. Secondary systemic amyloidosis: response 
and survival in 64 patients. Medicine (Baltimore). 1991;70:246-
56.PMID;2067409

9.	 Ahbap E, Kara E, Sahutoglu T, et al. Outcome of 121 patients 
with renal amyloid a amyloidosis. J Res Med Sci. 2014;19:644-9.
PMID;25364365

10.	Nobata H, Suga N, Itoh A, et al. Systemic AA amyloidosis in a 
patient with lung metastasis from renal cell carcinoma. Amy-
loid. 2012;19:197-200.PMID;22928906

11.	Zuckerman JE, Peng F, Karl BE, Schulze CE, Sisk A. Cancer-As-
sociated AA Amyloidosis Presenting as Crescentic Glomerulo-
nephritis. Kidney Int Rep. 2019;4:882-7.PMID;31194182

12.	Dictor M, Hasserius R. Systemic amyloidosis and non-hemato-
logic malignancy in a large autopsy series. Acta Pathol Micro-
biol Scand A. 1981;89:411-6.PMID;6278822

13.	Gomez-Ambrosi J, Salvador J, Rotellar F, et al. Increased serum 
amyloid A concentrations in morbid obesity decrease after gas-
tric bypass. Obes Surg. 2006;16:262-9.PMID;16545156

14.	Alsina E, Martin M, Panades M, Fernandez E. Renal AA amyloi-
dosis secondary to morbid obesity? Clin Nephrol. 2009;72:312-4.
PMID;19825338

15.	Blank N, Hegenbart U, Dietrich S, et al. Obesity is a significant 
susceptibility factor for idiopathic AA amyloidosis. Amyloid. 
2018;25:37-45.PMID;29364741

16.	Sikora J, Kmochova T, Musalkova D, et al. A mutation in the 
SAA1 promoter causes hereditary amyloid A amyloidosis. Kid-
ney Int. 2022;101:349-59.PMID;34560138

17.	Kyle RA, Bayrd ED. Amyloidosis: review of 236 cases. Medicine 
(Baltimore). 1975;54:271-99.PMID;1152671

18.	Westermark P, Sletten K, Eriksson M. Morphologic and chemi-
cal variation of the kidney lesions in amyloidosis secondary to 
rheumatoid arthritis. Lab Invest. 1979;41:427-31.PMID;502474

19.	Gonzalez Suarez ML, Zhang P, Nasr SH, et al. The sensitivity and 
specificity of the routine kidney biopsy immunofluorescence 
panel are inferior to diagnosing renal immunoglobulin-derived 
amyloidosis by mass spectrometry. Kidney Int. 2019;96:1005-9.
PMID;31447055

20.	Khurana R, Uversky VN, Nielsen L, Fink AL. Is Congo red an 
amyloid-specific dye? J Biol Chem .2001;276:22715-21.PMID; 
11410601

21.	Klatskin G. Nonspecific green birefringence in Congo red-
stained tissues. Am J Pathol. 1969;56:1-13.PMID;4183086

22.	Shehabeldin A, Hussey C, Aggad R, Truong L. Increased Diag-
nostic Specificity of Congo Red Stain for Amyloid: The Poten-
tial Role of Texas Red-Filtered Fluorescence Microscopy. Arch 
Pathol Lab Med. 2023;147:907-15.PMID;36343375

23.	Sethi S, Vrana JA, Theis JD, et al. Laser microdissection and mass 
spectrometry-based proteomics aids the diagnosis and typing of 
renal amyloidosis. Kidney Int. 2012;82:226-34.PMID;22495291

24.	Gottenberg JE, Merle-Vincent F, Bentaberry F, et al. Anti-tumor 
necrosis factor alpha therapy in fifteen patients with AA amyloi-
dosis secondary to inflammatory arthritides: a followup report 
of tolerability and efficacy. Arthritis Rheum. 2003;48:2019-24.
PMID;12847696

25.	Courties A, Grateau G, Philippe P, et al. AA amyloidosis treated 
with tocilizumab: case series and updated literature review. 
Amyloid. 2015;22:84-92.PMID;25585627

26.	Dember LM, Hawkins PN, Hazenberg BP, et al. Eprodisate for 
the treatment of renal disease in AA amyloidosis. N Engl J Med. 
2007;356:2349-60.PMID;17554116

27.	Sherif AM, Refaie AF, Sobh MA, Mohamed NA, Sheashaa 
HA, Ghoneim MA. Long-term outcome of live donor kid-
ney transplantation for renal amyloidosis. Am J Kidney Dis. 
2003;42:370-5.PMID;12900821

28.	Bergesio F, Ciciani AM, Manganaro M, et al. Renal involvement 
in systemic amyloidosis: an Italian collaborative study on sur-
vival and renal outcome. Nephrol Dial Transplant. 2008;23:941-
51.PMID;17951308

29.	Tang W, McDonald SP, Hawley CM, et al. End-stage renal failure 
due to amyloidosis: outcomes in 490 ANZDATA registry cases. 
Nephrol Dial Transplant. 2013;28:455-61.PMID;23182810

30.	Joss N, McLaughlin K, Simpson K, Boulton-Jones JM. Presenta-
tion, survival and prognostic markers in AA amyloidosis. QJM. 
2000;93:535-42.PMID;10924536

31.	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;10:283-9.
PMID;2240055

32.	Moroni G, Banfi G, Montoli A, et al. Chronic dialysis in patients 
with systemic amyloidosis: the experience in northern Italy. 
Clin Nephrol. 1992;38:81-5.PMID;1516284

33.	Esteve V, Almirall J, Ponz E, et al. [Renal involvement in amy-
loidosis. Clinical outcomes, evolution and survival]. Nefrologia. 
2006;26:212-7.PMID;16808259

34.	Gillmore JD, Lovat LB, Persey MR, Pepys MB, Hawkins PN. 
Amyloid load and clinical outcome in AA amyloidosis in rela-
tion to circulating concentration of serum amyloid A protein. 
Lancet. 2001;358:24-9.PMID;11454373

Author

Jie Tang, MD, MPH, Division of Kidney Diseases and Hyperten-
sion, Alpert Medical School of Brown University, Providence, RI.

Disclosures

None

Correspondence

Jie Tang, MD, MPH
jie.tang@brownphysicians.org 

CLINICAL REVIEW

54O C T O B E R  2 0 2 5   R H O D E  I S L A N D  M E D I C A L  J O U R N A L   R I M J  A R C H I V E S  |  O C T O B E R  I S S U E  W E B P A G E  |  R I M S 5

mailto:jie.tang@brownphysicians.org
http://rimed.org/rimedicaljournal-archives.asp
http://www.rimed.org/rimedicaljournal-2025-10.asp
https://www.rimedicalsociety.org

	COVER
	CONTENTS-Cases, Images
	CONTENTS–Contributions
	CONTENTS–Features, News
	CASE–Aksoy
	CASE–Baykara
	CASE–Kharel
	CASE–Rajab
	IMAGES–Iurillo
	STUDY–Pathak
	STUDY–Jhaveri
	STUDY–Khawaja
	STUDY–Lobel
	STUDY–Zhao
	REVIEW–Tang
	HEALTH-Romero
	HEALTH–Vital Statistics
	WE ARE READ EVERYWHERE
	HERITAGE–Korr
	NEWS
	PEOPLE/PLACES
	OBITUARIES

