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Abstract

Aim: We aimed to evaluate clinicopathological features in patients with renal amyloid A
(AA) amyloidosis to analyze the impact of renal biopsy on renal and patient outcomes.
Materials and Methods: We retrospectively collected data regarding baseline and
follow-up clinical and laboratory features. The same pathologist scored each kidney biopsy
specimen according to amyloid distrubition and amount with tubulointerstitial findings.
We added all scores and obtained renal amyloid prognostic score (RAPS) and then divided
patients into three RAPS grades (RAPS grade I, II, III).
Results: Eighteen patients (male, 72.2%) with a median age of 51.5 (IQR, 45-58.3) years
were included in the study. The most common disease related to AA amyloidosis was
previous tuberculosis (33.3%). Median serum creatinine of patients at renal biopsy time
was 1.61 (IQR, 0.91-2.89) mg/dL with a median 24-h protein excretion, 6.8 [IQR, 4.6-8.9]
g/day. 100%, 94.4%, 55.6% of patients’ renal biopsies had vascular, glomerular (mostly
diffuse mesangiocapillary) and interstitial amyloid depositions. RAPS grade I, II and III
were detected in 5.6%, 27.8% and 66.7% of the patients, respectively. Ten patients (55.5%)
reached end-stage renal disease (ESRD) at a median time of 15 (IQR, 2.3-32.3) months
post-biopsy. ESRD was correlated with interstitial fibrosis/tubular atrophy (r=0.608, P=
0.01). Death-censored renal survival rates at 1,3 and 5 years were 83.3%, 58.7% and
43.5%, respectively. Six patients (33.3%) died. Patient survival rates at 1,3 and 5 years
were 88.9%, 69.6 and 55.7%, respectively.
Conclusion: Early diagnosis of AA amyloidosis with renal biopsy and scoring biopsy
specimen according to amyloid distribution with other histopathological findings may be
useful to manage the disease and predict the prognosis.

Copyright © 2022 The author(s) - Available online at www.annalsmedres.org. This is an Open Access article distributed
under the terms of Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License.

Introduction

Amyloidosis is a rare entity characterized by extracel-
lular deposition of amyloid fibrils in various organs [1].
Overproduction of serum amyloid A (SAA) by liver
under inflammatory conditions is the main mechanism of
deposition of insoluble AA fibrils [2-6].
Renal involvement of AA amyloidosis includes proteinuria
and/or renal insufficiency, progressing to endstage renal
disease (ESRD) in most of patients [7]. According to the
Registry Reports of the Turkish Society of Nephrology,
the prevalence of AA amyloidosis as the cause of dialysis
was 1.7% in 2019 [8].
Characteristics of amyloid deposition with other
histopathological findings in AA amyloidosis includ-
ing may be valuable to predict renal and patient outcome.

∗Corresponding author:
Email address: mericozd@yahoo.com ( Meric Oruc)

Few authors have studied histopathological distribution of
amyloid deposition in kidneys related to baseline clinical
characteristis and clinical outcomes [9-14].
The aim of the study was to evaluate the relationship
between histopathological renal findings and clinical
characteristics in patients with AA amyloidosis and
moreover to analyze the impact of renal biopsy on renal
and patient outcomes.

Materials and Methods

We retrospectively screened all of the patients’ renal biop-
sies with AA amyloidosis aged ≥ 18 years and followed-up
in our nephrology outpatient clinics in the period May
2010 through May 2021. Patients followed-up less than 3
months were excluded. Patients without adequate renal
biopsy specimens were also excluded.
We obtained data regarding baseline and follow-up clin-
ical and laboratory findings from electronical medical
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records. At admission age, gender, presence of pretib-
ial edema, comorbid diseases and aetiology of amyloidosis
were recorded. The laboratory data included serum crea-
tinine (SCr), uric acid, albumin, total cholesterol (TC),
HDL (high-density lipoprotein) cholesterol, LDL (low-
density lipoprotein) cholesterol, triglycerides, C-reactive
protein (CRP), urinalysis, and proteinuria. We calcu-
lated estimated glomerular filtration rate (eGFR) by us-
ing Chronic Kidney Disease Epidemiology Collaboration
(CKD-EPI) formula [15]. Decreased eGFR was defined as
less than 60 ml/min/1.73 m2. Time from renal biopsy to
the last visit or death was defined as follow-up period.At
the last visit SCr, serum albumin and 24-h proteinuria
were also recorded for patients without ESRD. Medica-
tions related to AA amyloidosis were also recorded. Renal
survival was defined as time from biopsy to initiation of
renal replacement treatment. ESRD was defined as an
eGFR < 15 ml/min/1.73m2 or need for renal replacement
therapy. We confirmed the patients’ current status at the
end of the study by a telephone call.

Renal biopsy evaluation
Renal biopsy specimens were revised by the same pathol-
ogist. Hematoxylin and eosin, periodic acid–Schif, Mas-
son’s trichrome, Jones methamine silver, crystal violet and
Congo red stains were applied for light microscopy (LM).
For immunofluorescence microscopy, kappa, lambda, IgG,
IgM, IgA, fibrinogen, C3c and C1q antibodies were
used for immunofluorescence examination (1/20 dilution,
DAKO, Glostrup, Denmark). Renal amyloidosis diagnosis
was confirmed showing the apple-green birefringence under
polarized light with Congo red stain and positive immuno-
histochemical staining with amyloid A antibodies was used
to specify amyloidosis. Pathologist scored each specimen’s
amyloid distribution according to the classification previ-
ously described by Sen and Sarsik (Table 1) [16]. Finally,
renal amyloid prognostic score (RAPS) was obtained by
adding all scores and RAPS was divided into three RAPS
grades (grade I: early renal amyloidosis, RAPS 1–7; grade
II: late renal amyloidosis, RAPS 8–15; grade III: advanced
renal amyloidosis, RAPS 16 or higher).Limited and exten-
sive involvements (≤50% or>50%) were defined according
to glomerular amyloid deposition, interstitial fibrosis and
tubular atrophy, interstitial infammatory infltration and
glomerular sclerosis [13].

Ethics
All the biopsies and blood samples included in this study
were performed according to our clinical follow-up and
biopsy protocol. No additional biopsy or blood samples
were taken for the purpose of this retrospective study. Lo-
cal ethics committee approval of Kartal City Hospital was
obtained (date: 28.04.2021 number: 2021/514/200/18).

Statistical analysis
Categorical variables (gender, etiology of renal amyloido-
sis, lower leg edema, microscopic hematuria, glycosuria,
histological findings, treatments, ESRD, survival rates)
were presented as percentages and continuous variables
(age, laboratory values such as SCr, eGFR, albumin, uric

acid, proteinuria, urinalysis pH. . . etc, follow-up time, sur-
vival time) were presented as medians and interquartile
ranges. Spearman’s correlation analysis was used to as-
sess the correlations between ESRD and various clinical
factors and renal histopathological findings. For evalua-
tion of death-censored renal survival and patient survival,
Kaplan–Meier analysis was used. P value < 0.05 was con-
sidered to be statistically significant. Data were analyzed
with Statistical Package of Social Science (SPSS) software-
version 17.0 (SPSS Inc., Chicago, IL, USA).

Results
613 patients with native kidney biopsies were secreened
and a total of 26 patients (4.2%) were diagnosed as AA
amyloidosis. We evaluated 18 patients (2.9%) in this
study. Patients were generally male (72.2%) and the
median age was 51.5 (IQR, 45-58.3) years. Three patients
had diabetes mellitus, 4 patients had hypertension, and
1 patient had atherosclerotic heart disease. Previous
tuberculosis was the most common underlying disease
(33.3%). Familial Mediterranean fever (FMF) and
rheumatoid arthritis were also detected in five (27.8%)
and three patients (16.7%), respectively. One patient
had both rheumatoid arthritis and FMF, one patient
had both rheumatoid arthritis and tuberculosis. Two
patients had spondyloarthropathies, one with FMF and
the other with tuberculosis. In one patient, systemic lupus
erythematosus was detected. In three cases, underlying
diseases were not defined.

The patients mainly presented with lower leg edema
(46.7%). At the time of renal biopsy median SCr of was
1.61 (IQR, 0.91-2.89) mg/dL, median eGFR of 47.4 (IQR,
22.3-95.7) ml/min/1.73m2 and median serum uric acid
was 4.6 (IQR, 4.2-6.6) mg/dL. All patients presented with
proteinuria (median 24-h protein excretion, 6.8 [IQR,
4.6-8.9] g/day) with decreased serum albumin levels (2.5
[IQR, 2.1-2.9] (Table 2).

Figure 1. A: Glomerular amyloid distribution in re-
nal biopsy specimens: early type (Congo red–stained sec-
tions showing apple green birefringence under polarized
light, x 400). B: Glomerular amyloid distribution in re-
nal biopsy specimens:late type (Congo red–stained sec-
tions showing apple green birefringence under polarized
light, x 400).

1109



Oruc M. et al. Original Article 2022;29(10):1108–1113

Table 1. Scoring of histopathological findings in renal biopsies.

Definition Score

Glomerular amyloid deposition (GAP) 0: absent, 1: hilar, 2: minimal mesangial, 3: focal mesangial, 4:
mesangiocapillar, 5: membranous, 6: global sclerotic

0-6

Glomerular amyloid deposition (GA%) 0: absent, 1: 1–10%, 2: 11–25%, 3: 26–50%, 4: 51–75%, 5: 76–100% 0-5
Vascular amyloid deposition (VA) 0: absent, 1: minimal, 2: focal, 3: moderate, 4: severe 0-4
Interstitial amyloid deposition (IA) 0: absent, 1: minimal, 2: focal, 3: moderate, 4: severe 0-4
Interstitial fibrosis and tubular atrophy (Ifb) 0: absent, 1: 1–10%, 2: 11–25%, 3: 26–50%, 4: 51–100% 0-4
Interstitial infammatory infiltration (Iinf) 0: absent, 1: 1–10%, 2: 11–25%, 3: 26–50%, 4: 51–100% 0-4
Glomerular sclerosis (GS) 0: absent, 1: 1–10%, 2: 11–25%, 3: 26–50%, 4: 51–100% 0-4

Table 2. Characteristics of patients with renal AA amy-
loidosis at the time of renal biopsy.

Variables Patients (n=18)

Age (years) 51.5 (45-58.3)
Gender (male,%) 72.2
Urea (mg/dL) 43.5 (33.8-67.8)
SCr (mg/dL) 1.61 (0.91-2.89)
eGFR (ml/min/1.73m2) 47.4 (22.3-95.7)
Decreased eGFR (%) 66.7
Albumin (g/L) 2.45 (2.03-2.93)
Total cholesterol (mg/dL)* 248 (214.3-370.8)
HDL cholesterol (mg/dL)** 49 (37-59)
LDL cholesterol (mg/dL)** 174 (141-261.5)
Triglycerides (mg/dL)* 168.2 (130.5-270.8)
CRP (mg/L)** 14.1 (5.7-58.2)
Uric acid (mg/dL)** 4.6 (4.2-6.6)
Albuminuria (g/day)*** 1.1 (0.8-2.6)
Proteinuria (g/day) 6.8 (4.6-8.9)

Data are expressed as median (IQR) unless otherwise indicated.
CRP: C-reactive protein; eGFR: estimated glomerular filtration rate;
HDL, high-density lipoprotein; LDL, low-density lipoprotein; SCr:
serum creatinine. *Data were available for 16 patients. **Data were
available for 15 patients. ***Data were available for 14 patients.

Table 3. Baseline urinalysis data in patients with AA
amyloidosis.

Variables Patients (n=18)

pH, median (IQR) 6 (5.5-6)

Specific gravity, median (IQR) 1015 (1010.8-1019.8)

Protein, %
1+ 6.3
2+~3+ 93.7

Blood, %
0, negative or trace 25
1+ 25
2+~3+ 50

Glucosuria, % * 35.7

Urine microscopy automated, %
White blood cells≥ 5/hpf 15.4
Red blood cells≥ 3/hpf 53.8

Data are expressed as median (IQR) unless otherwise indicated.
*Data were available for 13 patients. hpf: high power field.

Baseline urinalysis data of study patients is shown in Table
3. The median pH value was 6 (IQR, 5.5-6) and the me-
dian urine-specific gravity was 1015 (IQR, 1010.8-1019.8).
Glycosuria was found in 35.7% patients and median blood
glucose level at the time of urinalysis of these patients was
77 (IQR, 74.5-99.5). 53.8% of 13 patients presented with
microscopic hematuria.
Glomerular involvement was found in all patients ex-
cept one. Glomerular amyloid depositions were found as
mostly diffuse mesangiocapillary (38.9%), focal mesangial
(27.8%) and minimal mesangial (22.2%). All of the pa-
tients had vascular amyloid deposition and 55.6% of the
patients had interstitial amyloid deposition. Interstitial
fibrosis/tubular atrophy and interstitial infammatory in-
filtration were observed in 88.9% and 94.4% of the biop-
sies. Extensive involvements of glomerular amyloid depo-
sition, interstitial fibrosis and tubular atrophy, interstitial
infammatory infltration and glomerular sclerosis were de-
tected in 83.3%,5.6%,5.6% and 5.6% of biopsies, respec-
tively. RAPS grade was I in 5.6%, II in 27.8% and III in
66.7% of the biopsies.

Baseline median eGFR, serum albumin, proteinuria in
RAPS grade II and III were 48.8 (IQR, 17.7-79.8) vs. 50.5
(IQR, 23.5-111.3) ml/min/1.73m2, 2.2 (IQR, 2.1-3.1) vs.
2.5 (1.8-2.9) g/dl, Land 5.6 (IQR, 4.1-13.7) vs. 6.9 (IQR,
5.1-10.7) g/day, respectively.
Median follow-up time was 37.5 (IQR, 12.3-59.3) months.
Sixteen (88.9%) patients were treated with colchicine
and six (33.3%) patients were treated with methylpred-
nisolone/prednisolone. One patient with FMF received
canakinumab for three months and because of severe pneu-

Table 4. The correlations between end-stage renal disease
(ESRD) and renal histopathological findings in patients
with AA amyloidosis.

Variables Spearman’s rho P

Glomerular amyloid deposition (GAP) 0.361 0.14
Glomerular amyloid deposition (GA%) 0.199 0.43
Vascular amyloid deposition (VA) 0.162 0.52
Interstitial amyloid deposition (IA) 0.230 0.36
Interstitial fibrosis and tubular atrophy (Ifb) 0.608 0.01
Interstitial infammatory infltration (Iinf) 0.420 0.08
Glomerular sclerosis (GS) 0.144 0.57
Renal amyloid prognostic score (RAPS) 0.339 0.17
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Table 5. Clinical characteristics and kidney biopsy findings of the study patients.

ACEinh/ARB: angiotensin converting enzyme inhibitors/ angiotensin receptor blockers; AS: ankylosing spondilitis; AZA: azathioprine; eGFR: estimated glomerular filtration rate;
ESRD: end-stage renal disease F: female; FMF: familial mediterranean fever; GAP: class of glomerular amyloid deposition; GA%: percentage of glomerular amyloid deposition;
GS: glomerular sclerosis; HCQ: hydroxychloroquine; IA: interstitial amyloid deposition; Ifb: interstitial fibrosis and tubular atrophy; Iinf: interstitial infammatory infltration; M:
male; Pred: methylprednisolone/prednisolone; RA: rheumatoid arthritis; RAPS: renal amyloid prognostic score; SCr: serum creatinine; SLE: systemic lupus erythematosus; VA:
vascular amyloid deposition.

monia canakinumab was stopped. The other patient with
FMF also received canakinumab for forty-two months,
however due to Covid-19 disease it was stopped. And one
patient with rheumatoid arthritis and previous tuberculo-
sis was still on treatment with tocilizumab.
Ten patients (55.5%) reached ESRD at a median time
of 15 (IQR, 2.3-32.3) months. There was a significant
negative correlation between ESRD and steroid treatment
(r=-0.553, P= 0.02). There were no significant correla-
tions between other studied variables and ESRD (Data
not shown). In Table 4, the correlations between ESRD
and renal histopathological findings in patients with AA
amyloidosis are shown. ESRD was correlated with intersti-
tial fibrosis/tubular atrophy (r=0.608, P= 0.01). In over-
all group, death-censored renal survival rates at 1,3 and
5 years were 83.3%, 58.7% and 43.5%, respectively. Ex-
cluding ESRD patients, the median of SCr at follow-up
was 1.5 (IQR, 1.1-1.9) mg/dL, the median eGFR was 44
(IQR, 37.5-69.4) ml/min/1.73m2. Only one patient had
transient hemodialysis.
Six patients (33.3%) died. The median survival time of
patients was 38.5 (IQR, 16.5-62.3) months. Patient sur-
vival rates at 1, 3 and5 were 88.9%, 69.6 and 55.7%, re-
spectively. Table 5 shows clinical and histopathological
findings of study patients.

Discussion
In this study, we reported eighteen patients presenting
with AA amyloidosis with different clinical and morpholog-
ical lesions. Previously larger studies of renal amyloidosis
including all types of amyloidosis have reported the preva-
lence as approximately 0.7–5.5 % [17]. The prevalance of
AA amyloidosis was found 4.2% of all renal biopsies in our

series. This finding was lower than other series reported
from Turkey [13].
In our study the patients were generally male and middle-
aged like usual in AA amyloidosis [10,11,13,18]. In other
studies, female predominance was shown due to rheumatic
diseases affecting women more commonly [19-23]. Chronic
infammatory arthritis was mostly diagnosed as an under-
lying disease in developed countries [11,18-21]. We found
previous tuberculosis as a leading cause of amyloidosis.
This finding was higher than other reports from Turkey.
FMF was mostly found as a leading cause of AA amyloi-
dosisin other studies reported from Turkey [12,13,24-27].
Different studies described histopathological classifications
according to the distribution such as glomerular, vascular
or interstitial type [9,11,16,22]. In our study, most of the
patients had predominantly glomeruler amiloid deposits
as mesengiocapillary [10-13,28]. Mesangium is known as
the earliest site of amyloid deposition in the glomerulus,
this finding is in accordance with the literature [11]. Al-
though, amyloidosis is known as a diffuse disease [22], and
our study also showed that amyloid deposition could be
focal in manner.
Most of our patients had more extensive glomerular amy-
loid involvement contrary to studies reported from devel-
oped countries [10,22,23]. Said et al also observed glomeru-
lar amyloid deposition in in 100% of biopsy specimens of
AA amyloidosis patients [29].
Vascular involvement from amyloid differed between 67%
and 79% [12]. We found vascular amyloid deposition in all
patients similar to other studies [12,29]. Verine reported
vascular amyloid deposition, mostly juxtaglomerular ar-
terioles, in 65 renal biopsies (95.6%) [10]. In one study
reported by Uda H et al defined amyloid deposits only
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around blood vessels not glomeruls in 28.9% of patients
[30]. In our study, we detected amyloid deposits around
vessels without glomerul deposition in only one patient
(5.6%).
Percentage of interstitial amyloid deposition in this study
(55.6%) was lower than reported studies [12,13,29] and
similar to the study reported by Verine et al [10]. In-
terstitial inflammation was present in all patients except
one. Verine et al reported an inflammation with amyloid
deposits in thirty biopsises (44.1%) of the patients [10].
Kendicelebi et al found interstitial inflammation in 28 pa-
tients (78%) [12].
In previous studies associations between amyloid deposi-
tions with other histopathological parameters and renal
manifestations were shown [11,20-22,28]. Verine et al. re-
ported that the glomerular amyloid distribution and in-
flammation were independently associated with protein-
uria level [10]. In a previous study, Celtik et al found that
advanced renal amyloidosis had signifcantly lower eGFR
than patients with early and late amyloidosis classified ac-
cording to RAPS score system and percentage of glomeru-
lar amyloid deposition was an independent variable related
to proteinuria [13]. In contrast; Min et al. and Kuroda
et al reported the independent associations between in-
creased amount of glomerular amyloid deposits and de-
creased renal functions, but not with proteinuria [21,22].
However, we failed to show any correlations between the
histologic lesions and baseline clinical data.
In our center percentage of patients progressed to ESRD
were higher than other reports [10,13,18,19,23,24]. The
median renal survival was reported between 18 and 64
months in the literature. Our study showed a relatively
lower renal survival time of months than reported stud-
ies [12,20]. In our study, interstitial fibrosis and tubular
atrophy was shown as a significant risk factor for ESRD.
Celtik et al. showed that ESRD was independently as-
socited to extensive glomerular amyloid deposition, base-
line eGFR and proteinuria [13]. Bohle et al found the
worst prognosis of AA amyloidosis in patients with both
acute renal failure and interstitial fibrosis at the time of
the biopsy [19]. Verine et al. also found interstitial fibrosis
and tubular atrophy as an independent predictor of ESRD
instead of pattern and abundance of glomerular amyloid
deposits in Cox regression analysis in patients with AA
amyloidosis [10]. Development of ESRD was found to be
associated with glomerular enlargement, global involve-
ment of the glomerulus, tubular atrophy, and interstitial
inflammationin correlation analysis in a study reported by
Kendicelebi et al. However, multivariate analysis showed
the global glomerular amyloid load as the only variable re-
lated to ESRD [12].
There were several limitations in our study. The most
important limitation was it’s design was retrospectiveand
our series had a small number of patients.The changes of
CRP and SAA levels were not analyzed due to lack of
data.Another limitation of our study is the advanced re-
nal disease, therefore we observed many chronic changes
in renal tissue samples. Biopsy specimens of patients with
early stage kidney disease may be more accurate in pre-
dicting prognosis.

Conclusion

In conclusion most of the patients with AA amyloidosis
(55.6%)in our study had poor prognosis finalized as ESRD.
Classical prognostic histopathological findings as seen in
primary glomerular diseases, such as tubular atrophy and
interstitial fibrosis, suggests that this feature could be used
as a marker of progression of renal damage in AA amyloi-
dosis.
We expected to find AA amyloidosis more frequent in our
renal biopsy specimens due to higher prevalence of tuber-
culosis and FMF in Turkey. Also we found advanced re-
nal amyloid depositions in our series. This might be ex-
plained by late referral to nephrology departments from
other clinics and minimal depositions might be overlooked
by pathologists. In patients with a history of inflammatory
diseases who had proteinuria and/or unexplained renal in-
sufficiency, kidney biopsy should be performed as soon as
possible to prevent irreversible organ damage and to in-
crease survival in AA amyloidosis patients. AA amyloido-
sis scoring and grading system according to histopatholog-
ical findings may also be useful to predict and improve the
prognosis of patients.

Ethics approval

Local ethics committee approval of Kartal City-
Hospital was obtained (date: 28.04.2021 num-
ber: 2021/514/200/18).
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