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ABSTRACT
AA amyloidosis is a rare disease caused by tissue accumulation of serum amyloid A (SAA), a protein produced in the liver 
in response to chronic inflammation or infection. Kidney manifestations of AA amyloidosis usually develop gradually. 
The authors report a case of a 77 ‑year ‑old patient with a previous diagnosis of multifactorial chronic kidney disease and 
bronchiectasis, who developed sudden onset nephrotic syndrome and KDIGO stage 3 acute kidney injury shortly after 
the diagnosis of acute pyelonephritis. A kidney biopsy confirmed the diagnosis of renal AA amyloidosis. Progressive 
kidney dysfunction ensued, with the need to begin kidney replacement therapy eleven months after the initial diagnosis. 
This type of renal AA amyloidosis (referred to as “amyloid storm”) has been reported in patients with familial Mediterra‑
nean fever but was not previously described in AA amyloidosis of other etiologies. The prognosis is poor, especially after 
dialysis initiation, and more studies are needed to develop strategies to delay its progression and improve outcomes.
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INTRODUCTION
AA amyloidosis is a rare disease caused by tissue deposi‑
tion of amyloid fibrils derived from serum amyloid A, an 
acute ‑phase reactant produced by the liver.1–3 
Amyloid nephropathy is the most common presentation 
of AA amyloidosis, manifesting as either proteinuria or 
progressive kidney dysfunction. The deposition of amyloid 
fibrils in the kidney takes years before the first manifes‑
tations arise. The disease progresses gradually through 
different stages: proteinuric, nephrotic, and uremic.2,4 The 
progression of renal AA amyloidosis to end ‑stage renal 
disease (ESRD) ranges from 27.1% to 61%.5–7 
The incidence of AA amyloidosis has been decreasing, 
especially in developed countries, due to declining rates 
of chronic infections and new treatment strategies for 
inflammatory conditions, including autoimmune diseases. 
However, it continues to be a significant cause of morbid‑
ity and mortality if left untreated.8

We hereby present a case of an unusual presentation of 
renal AA amyloidosis, seldom described in the literature, 
manifesting with acute kidney injury (AKI) and sudden on‑
set nephrotic syndrome. 

CASE REPORT
The authors present the case of a 77 ‑year ‑old man with 
a past medical history of chronic kidney disease (CKD) 
(G3aA2 stage) and several cardiovascular risk factors 
(arterial hypertension, type 2 diabetes mellitus, active 
smoking habits). He also had several cardiovascular co‑
morbidities (paroxysmal atrial fibrillation, ischemic and 
valvular heart disease), chronic obstructive pulmonary 
disease and cystic bronchiectasis with frequent respirato‑
ry infections. His chronic medication included rivaroxaban, 
bisoprolol, empagliflozin/linagliptin, furosemide, perindo‑
pril/indapamide/amlodipine, budesonide, and aclidinium 
bromide/formoterol fumarate.
He was admitted to the emergency department with acute 
dyspnea, hypertension (220/110 mmHg), and peripheral 
edema. He was diagnosed with hypertensive pulmonary 
edema and started on non ‑invasive ventilation, intrave‑
nous diuretics, and bronchodilators with significant clinical 
improvement. At hospital admission, the patient had a 
stable kidney function, with serum creatinine (sCr) of 1.37 
mg/dL (reference range < 1.2 mg/dL) and urea of 44 mg/
dL (reference range  17 ‑ 49 mg/dL), sodium of 136 mmol/L 
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(reference range 136  ‑ 145 mmol/L), potassium of 4.10 
mmol/L (reference range 3.5 – 5.0 mmol/L) and a urine 
dipstick with protein +++ and microscopic hematuria +. His 
serum hemoglobin was 16.8 g/dL, white blood cell (WBC) 
count of 16 900 cells/µL (reference range from 4000 – 10 
000/µL), he had a normal serum albumin (4.1 g/dL; refer‑
ence range > 3.5 g/dL) and a low C ‑reactive protein (CRP) 
level (0.62 mg/dL; reference range < 0.5 mg/dL). Despite an 
initial favorable evolution, the patient remained hypoxemic, 
requiring supplementary oxygen by nasal cannula and was 
subsequently admitted to the Internal Medicine ward.
On the first day after admission, he developed a fever ac‑
companied by a marked increase in CRP levels to 27.7 mg/
dL. The microbiology workup was positive for Morganel-
la morganii on blood and urine samples, and antibiotic 
therapy with piperacillin ‑tazobactam was started for the 
treatment of acute pyelonephritis. Despite hemodynamic 
stability, fever resolution, and improvement of infectious 
parameters, the patient developed non ‑oliguric acute kid‑
ney injury (AKI) (KDIGO stage 3) in 48 hours, with a peak 
sCr of 4.21 mg/dL.
Two days later, there was a worsening of peripheral edema. 
The laboratory workup revealed massive proteinuria, with 
a raised urine protein ‑creatinine ratio (11 g/g; reference 
value < 0.2 g/g) and albumin ‑creatinine ratio (8.8 g/g; refer‑
ence value < 0.03 g/g), severe hypoalbuminemia (1.6 g/dL), 
hypercholesterolemia (total cholesterol of 256 mg/dL; ref‑
erence range of < 180 mg/dL), and microscopic hematuria. 
He was referred to the Nephrology department for the 
management of nephrotic syndrome with AKI. The immu‑
nologic study was negative for rheumatoid factor, anti‑
‑neutrophil cytoplasmic antibodies, and antinuclear and 
anti ‑dsDNA antibodies, with normal C3 and C4 comple‑
ment component values. Serum and urine protein electro‑
phoresis, immunofixation, and free light chain ratio did not 
suggest monoclonal gammopathy. The anti ‑phospholipase 
A2 receptor antibody was also negative. Serological tests 
for hepatitis B, hepatitis C, and HIV were negative.
Ultrasound evaluation showed kidneys with preserved di‑
mensions, with loss of parenchymal ‑central differentiation, 
and no hydronephrosis, measurable lithiasis, or mass lesions 
were identified. Fundoscopic examination of the eye showed 
no evidence of hypertensive or diabetic retinopathy. 
A percutaneous kidney biopsy was performed. The pathol‑
ogy specimen included 16 glomeruli, of which two were 
globally sclerosed, and two were ischemic. All glomeruli 
showed moderate to severe nodular mesangial expan‑
sion (Fig. 1a) due to hyaline, amorphous deposits in the 
vascular pole and periphery stained with Congo red (Fig. 
1b). These deposits were also present in the arterioles 
and small arteries. Some glomeruli showed fibrous, con‑
centric thickening of the Bowman capsule with double 
contours. There was also a moderate tubular injury and 
interstitial edema with mild lymphocyte infiltration. There 
was evidence of moderate chronic lesions, with 25% of 

glomerulosclerosis, 30% of tubular atrophy and 30% of 
interstitial fibrosis. The immunofluorescence study was 
negative. Immunohistochemical analysis for SAA (serum 
amyloid ‑associated) protein was positive in the glomeruli 
and the wall of the arterioles and small arteries (Fig. 1c), 
confirming the diagnosis of AA amyloidosis. 

Figure 1. a) Glomerular mesangial matrix expansion 
with peripheral and hilar deposition of amyloid 
(hematoxylin&eosin, x10); b) Congo red staining, 10x; c) 
Amyloid A positivity in the mesangium and vascular pole, 
10x;
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We performed a thoracic computerized tomography that 
confirmed the presence of exuberant bilateral cystic and 
cylindrical bronchiectasis. There was no previous diag‑
nosis or history suggestive of other disorders commonly 
associated with AA amyloidosis, such as chronic inflam‑
matory arthritis or periodic fever syndrome. Echocardiog‑
raphy showed left atrial dilation, with a non ‑dilated left 
ventricle, with grade 2 diastolic dysfunction and preserved 
ejection fraction. The patient was referred to pulmonol‑
ogy consultation for bronchiectasis care optimization. 
Serum AA levels were not available.

Early after the diagnosis of the nephrotic syndrome, sup‑
portive treatment was initiated, with a loop diuretic for 
hypervolemia control and angiotensin ‑converting enzyme 
inhibitors (ACEi) for proteinuria reduction. During the 
hospital stay, the patient lost about 10 kg, and proteinuria 
decreased, with a consequent improvement of hypoalbu‑
minemia  ‑ serum albumin at discharge was 2.5 g/dL. How‑
ever, the kidney dysfunction persisted with an estimated 
glomerular filtration rate (eGFR) of 19 mL/min/1.73 m2 and 
a sCr of 3.62 mg/dL at hospital discharge. Main laboratory 
values during patient follow ‑up are reported in Table 1.

Table 1. Laboratory findings evolution during patient follow ‑up.

Lab Findings
Hospitalization

1 year FUP
Admission Day 3 Day 5 Discharge

Hb (g/dL) 16.8 13.9 13.3 12.9 10.9

Leuc (cells/µL) 16,900 6,500 9,700 7,800 8,100

CRP (mg/dL) 0.62 27.7 10.6 0.62 3.17

sCr (mg/dL) 1.37 4.21 3.32 3.62 7.6

Ur (mg/dL) 44 142 93 127 154

Alb (g/dL) 4.1 3.0 1.6 2.5 2.9

Alb – serum albumin; CRP – C ‑reactive protein; FUP – follow ‑up; Hb – hemoglobin; Leuc –leucocytes;  sCr – serum 
creatinine; uACR – urine albumin ‑creatinine ratio; Ur –  urea;

During the first year of follow ‑up at our Nephrology cen‑
ter, there was persistence of nephrotic proteinuria and 
a progressive kidney function decline. Consultation on 
the different alternatives in kidney replacement therapy 
was offered. Fluid overload and symptoms of uremic syn‑
drome, together with an eGFR of 7 mL/min/1.73 m2, led 
to the decision of tunneled hemodialysis (HD) catheter 
placement in the right jugular vein and HD initiation elev‑
en months after the diagnosis of renal AA amyloidosis. 
The HD treatments were poorly tolerated, with frequent 
hypotension and tachycardia episodes. Four months after 
the beginning of HD, the patient was again admitted to the 
Nephrology ward with the diagnosis of infected bronchiec‑
tasis, and two months after that was re ‑admitted with L3 ‑L4 
spondylodiscitis, with associated Enterococcus faecalis bac‑
teremia. The hospitalization was complicated by intestinal 
ischemia, followed by hemorrhagic shock and death.

DISCUSSION
Amyloidosis is a group of diseases characterized by the 
deposition of insoluble beta ‑sheet fibrils in extracellular 
tissues. This ultimately leads to organ dysfunction due to 
disruption of the organ architecture and direct toxicity of 
amyloid precursor proteins.1 Multiple amyloid proteins 
have already been identified as causative to amyloidosis, 
with immunoglobulin light chain ‑derived (AL) and serum A 
protein being the most common.9

Renal amyloidosis is the most frequent manifestation of 
AA amyloidosis. The prevalence of renal amyloidosis was 

estimated at 2% in a retrospective study that reviewed na‑
tive kidney biopsies from 474 patients of the Mayo Clinic.10 
AL amyloidosis was the most frequent type of amyloidosis 
found in the Mayo Clinic and in a German registry, followed 
by AA amyloidosis.10,11 There is, however, significant geo‑
graphic variability in the distribution of the various types of 
amyloidosis: a Portuguese retrospective cohort study that 
identified patients with renal biopsy ‑proven amyloidosis 
found that AA amyloidosis was the most common form 
(56.1%) and that chronic infection was the leading cause of 
the disease in almost half of the cases.12

The clinical manifestations of renal amyloidosis are wide. 
Albuminuric proteinuria is the most frequent presentation 
and can vary from the subnephrotic range to massive pro‑
teinuria that results in nephrotic syndrome – the latter is 
more typical of AL amyloidosis.10 In patients with AA amy‑
loidosis, the predominant disease manifestation is slowly 
progressive chronic kidney disease.
In AA amyloidosis, the protein responsible for the path‑
ogenic disturbance in kidney architecture and function 
is SAA protein, an acute ‑phase reactant produced by the 
liver. The increase in serum concentration of SAA protein 
due to elevated levels of cytokines in chronic inflamma‑
tory states, together with the conformational changes in 
the protein, leads to aggregation and kidney deposition.1 
The most frequent underlying disorders of AA amyloido‑
sis are chronic inflammatory arthritis, chronic sepsis (of 
which bronchiectasis is one variant), and periodic fever 
syndromes, such as familial Mediterranean fever (FMF). 
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We presented a case of a patient with renal AA amyloi‑
dosis. After the diagnostic workup, we presumed chronic 
bronchiectasis to be AA amyloidosis’ most probable un‑
derlying cause. The clinical presentation here depicted 
is, however, atypical. Instead of progressive kidney dys‑
function, the presentation was characterized by AKI and a 
sudden ‑onset nephrotic syndrome. 
The concept of “amyloid storm” was applied to describe 
a rare clinical manifestation of AA amyloidosis manifes‑
tation in a group of FMF patients, followed at an Israeli 
center.4 The criteria employed by this group for diagnosing 
“amyloid storm” in FMF patients were a sudden increase 
in urinary protein excretion and serum creatinine in less 
than 2 weeks, with a simultaneous rise in CRP to levels at 
least 10 times the highest normal value. All these criteria 
were fulfilled by the patient described in this case. 
The pathophysiology of “amyloid storm” is unknown. Still, 
an infection not necessarily related to the chronic sepsis 
underlying AA amyloidosis may be responsible for the 
sudden overproduction and deposition of amyloid – pro‑
‑inflammatory cytokines released during acute infection 
responses may upregulate AA amyloid production.  Mac‑
rophages are responsible for the cleavage of plasma high‑
‑density lipoproteins, where SAA circulates,13 possibly also 
contributing to the release of higher concentrations of this 
protein during infection. The direct toxicity of amyloid pre‑
cursor proteins and folding intermediates also contribute 
to the clinical findings and can explain the disease mani‑
festations even without extensive amyloid deposits.1,14 A 
Turkish retrospective study evaluated the histopathologi‑
cal findings associated with rapidly progressive renal fail‑
ure in AA amyloidosis: global amyloid deposition, vascular 
pole involvement, peritubular amyloid deposition, and 
severe interstitial inflammation were identified as risk fac‑
tors for the need for renal replacement therapy one year 
after diagnosis.15 Some of these histologic characteristics 
were also present in the renal biopsy performed in our 
patient. 

The treatment for AA amyloidosis is primarily directed to 
the underlying cause of AA production, as managing the 
underlying inflammatory conditions can reduce or reverse 
the disease.16 Antibiotics, surgery, and respiratory physio‑
therapy are commonly used to reduce the disease burden 
in chronic bronchiectasis, but with variable outcomes.17

The cytokines IL ‑1, IL ‑6, and TNFa mediate the production 
of SAA18 and are recognized pharmacologic targets. Multi‑
ple anti ‑cytokine agents are currently being tested for the 
treatment of renal AA amyloidosis, even when the cause 
of SAA production is unknown.8,19 Nevertheless, immuno‑
suppressive side effects of such therapies may contrib‑
ute to aggravation of chronic inflammatory background 
through increased infectious risk. At this date, there is no 
compelling evidence of the benefit of routine use of anti‑
‑cytokine agents for AA amyloidosis.
Survival on dialysis is poor in patients with AA amyloidosis, 
with a reported median survival of 20 months.20 Cardiac 
and autonomic dysfunction usually present in multisys‑
temic amyloidosis contribute to difficulty in the manage‑
ment of these patients with hemodynamic fragility.1 This 
autonomic dysregulation then limits the use of diuretics or 
ultrafiltration. When the presentation of renal amyloidosis 
occurs in the form of an “amyloid storm”, the prognosis is 
poorer, with 80% of the patients reaching ESRD or death 
one year after the diagnosis.4

CONCLUSION
Renal AA amyloidosis is a rare disease with multiple 
presentations at diagnosis, one of which is the scarcely 
described “amyloid storm”. We report one of the few 
cases described in the literature of this entity presenting 
with AKI and nephrotic syndrome. This atypical form of 
the disease has a rapid progression and is associated with 
poor renal and vital prognosis. However, more studies on 
the pathogenesis of this disease are needed to guide the 
treatment and implement strategies to delay its progres‑
sion and improve outcomes.

Ethical Disclosures 
Conflicts of Interest: The authors have no conflicts of interest to declare.
Financing Support: This work has not received any contribution, grant or scholarship.
Confidentiality of Data: The authors declare that they have followed the protocols of their work center on the 
publication of patient data.
Patient Consent: Consent for publication was obtained. 
Provenance and Peer Review: Not commissioned; externally peer ‑reviewed.

Contributorship Statement
DD: Responsible for the design and initial drafting of the manuscript, as well as for data acquisition and interpretation.
RTM: Interpreted the biopsy specimens and critically reviewed the manuscript.
IL, PM, and MG: Contributed to the drafting and critical revision of the work.
All authors approved the final version to be published.



Portuguese Kidney Journal • ahead of printPortuguese Kidney Journal • ahead of print CASE REPORT

REFERENCES
1. Dember LM. Amyloidosis ‑associated kidney disease. J Am Soc 

Nephrol. 2006;17:3458–71. doi: 10.1681/ASN.2006050460.
2. Lachmann HJ, Goodman HJ, Gilbertson JA, Gallimore JR, 

Sabin CA, Gillmore JD, et al. Natural history and outcome in 
systemic AA amyloidosis. N Engl J Med. 2007;356:2361–71. 
doi: 10.1056/NEJMoa070265.

3. Pepys MB. Amyloidosis. Annu Rev Med. 2006;57:223–41. 
doi: 10.1146/annurev.med.57.121304.131243.

4. Kukuy OL, Beckerman P, Dinour D, Ben ‑Zvi I, Livneh A. Am‑
yloid storm: acute kidney injury and massive proteinuria, 
rapidly progressing to end ‑stage kidney disease in AA am‑
yloidosis of familial Mediterranean fever. Rheumatology. 
2020;60:3235–42. doi: 10.1093/rheumatology/keaa772.

5. Ayar Y, Ersoy A, Oksuz MF, Ocakoglu G, Vuruskan BA, Yildiz 
A, et al. Desfechos clínicos e sobrevida em pacientes com 
amiloidose AA. Rev Bras Reum. 2017;57:535–44.

6. Verine J, Mourad N, Desseaux K, Vanhille P, Noël LH, Beau‑
fils H, et al. Clinical and histological characteristics of renal 
AA amyloidosis: a retrospective study of 68 cases with a 
special interest to amyloid ‑associated inflammatory re‑
sponse. Hum Pathol. 2007;38:1798–809. doi: 10.1016/j.
humpath.2007.04.013. 

7. Erdogmus S, Celebi ZK, Akturk S, Kumru G, Duman N, Ates K, 
et al. Profile of renal AA amyloidosis in older and younger in‑
dividuals: a single ‑centre experience. Amyloid. 2018;25:115–
9. doi: 10.1080/13506129.2018.1474733. 

8. Mirioglu S, Uludag O, Hurdogan O, Kumru G, Berke I, 
Doumas SA, et al. AA Amyloidosis: A Contemporary View. 
Curr Rheumatol Rep. 2024;26:248–59. doi: 10.1007/
s11926 ‑024 ‑01147 ‑8.

9. Picken MM. The pathology of amyloidosis in classifica‑
tion: a review. Acta Haematol. 2020;143:322–34. doi: 
10.1159/000506696. 

10. Said SM, Sethi S, Valeri AM, Leung N, Cornell LD, Fidler 
ME, et al. Renal amyloidosis: origin and clinicopathologic 
correlations of 474 recent cases. Clin J Am Soc Nephrol. 
2013;8:1515–23. doi: 10.2215/CJN.10491012.

11. Hutten H von, Mihatsch M, Lobeck H, Rudolph B, Eriksson 
M, Röcken C. Prevalence and origin of amyloid in kidney bi‑
opsies. Am J Surg Pathol. 2009;33:1198–205. doi: 10.1097/
PAS.0b013e3181abdfa7.

12. Oliveira ‑Silva C, Marques N, Pinho A, Poínhos R, Bergantim R, 
Nunes AT, et al. Lessons from four decades of systemic amy‑
loidosis with renal involvement. Nephron. 2023;147:158–69. 
doi: 10.1159/000525675.

13. Muchtar E, Dispenzieri A, Magen H, Grogan M, Mauermann 
M, McPhail ED, et al. Systemic amyloidosis from A (AA) to 
T (ATTR): a review. J Intern Med. 2021;289:268–92. doi: 
10.1111/joim.13169. 

14. Keeling J, Teng J, Herrera GA. AL ‑amyloidosis and light ‑chain 
deposition disease light chains induce divergent phenotyp‑
ic transformations of human mesangial cells. Lab Investig. 
2004;84:1322–38. doi: 10.1038/labinvest.3700161.

15. Çelebi ZK , Kiremitçi S , Sadioğlu RE , Keven K. Rapidly Pro‑
gressive Renal Failure in AA Amyloidosis: A New Clinical and 
Histopathological Entity for an Old Disease. Turk J Nephrol. 
2020;29:289–96. doi: 10.5152/turkjnephrol.2020.4221.

16. Merlini G, Bellotti V. Molecular Mechanisms of Amyloidosis. N 
Engl J Med. 2003;349:583–96. doi: 10.1056/NEJMra023144.

17. Polverino E, Goeminne PC, McDonnell MJ, Aliberti S, Marshall 
SE, Loebinger MR, et al. European Respiratory Society guide‑
lines for the management of adult bronchiectasis. Eur Respir 
J. 2017;50:1700629. doi: 10.1183/13993003.00629 ‑2017.

18. Malle E, Steinmetz A, Raynes JG. Serum amyloid A (SAA): an 
acute phase protein and apolipoprotein. Atherosclerosis. 
1993;102:131–46.

19. Karam S, Haidous M, Royal V, Leung N. Renal AA amyloidosis: 
presentation, diagnosis, and current therapeutic options: 
a review. Kidney Int. 2023;103:473–84. doi: 10.1016/j.
kint.2022.10.028.

20. Yilmaz M, Unsal A, Sokmen M, Kaptanogullari OH, Alkim C, 
Kabukcuoglu F, et al. Renal Involvement in AA Amyloidosis: 
Clinical Outcomes and Survival. Kidney Blood Press Res. 
2013;37:33–42. doi: 10.1159/000343398. 


