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ABSTRACT 
Objectives: Due to its lethal effects, early diagnosis of high risk patient groups for renal involvement especially 
amyloidosis is critical for Familial Mediterranean Fever (FMF). Amyloidosis, defined by the accumulation of 
extracellular amyloid protein material in the kidney, can reduce the elasticity of the renal parenchyma. Shear 
wave elastography (SWE) is a new ultrasonographic imaging modality that evaluates tissue elasticity. This 
pilot study assessed the renal parenchyma of FMF patients using SWE.  
Methods: Fifty-three FMF patients and 51 age- and sex-matched healthy control participants were included 
in this study. Participants with amyloidosis, estimated glomerular filtration rate (eGFR) less than 60 mL/min 
and/or signs of nephropathy (proteinuria, hematuria, renal tubular acidosis) were excluded. Routine history, 
physical, laboratory examinations (blood urea nitrogen, creatinine, C-reactive protein, urine dipstick test, spot 
proteinuria) and renal ultrasound were performed. SWE imaging was performed to measure renal parenchymal 
stiffness.  
Results: There was no significant correlation between SWE values (elasticity and velocity) and age, eGFR, 
serum blood urea nitrogen, and creatinine in the comparison of SWE findings of FMF patients and control 
groups. SWE values were statistically higher in FMF patients than in the control group (P=0.002 and P< 0.001 
for elasticity and velocity, respectively).  
Conclusions: Increased renal stiffness in FMF patients may indicate early renal involvement (especially amy-
loidosis), suggesting SWE as a potential non-invasive diagnostic tool for early detection.  
Keywords: Familial Mediterranean fever, nephropathy, amyloidosis, shear wave elastography, renal cortical 
stiffness 
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 F amilial Mediterranean Fever (FMF) represents 

an autosomal recessive, autoinflammatory dis-
order distinguished by recurrent, self-limiting 

episodes of fever, concomitant with aseptic inflamma-
tion in serosal cavities, joints, and the skin [1, 2]. 
Acute attacks usually last 1 to 3 days and resolve spon-

taneously. Nevertheless, in certain individuals, these 
episodes may extend beyond the typical timeframe, 
lasting more than one week, with an occasional occur-
rence of up to one month. However, instances of even 
longer durations are exceedingly rare [3]. Despite 
being self-limiting, some FMF patients develop sec-
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ondary amyloidosis, particularly AA type, which is the 
most severe complication of FMF [4].  
      Before colchicine therapy, renal amyloidosis was 
the main cause of death in those under the age of 40 
years. In addition, according to more recent studies, 
11-13% of FMF patients develop still amyloidosis de-
spite receiving colchicine therapy [5]. This disease 
typically presents with heavy proteinuria, nephrotic 
syndrome, and eventually progresses to end-stage 
renal failure. Early diagnosis of renal amyloidosis is 
challenging because its symptoms become apparent 
only in the later stages, marked by significant amyloid 
deposition [6]. Currently, the diagnosis requires biopsy 
to show amyloid deposition. Therefore, many studies 
have concentrated on early identifying FMF patients 
at risk of amyloidosis.  
      In the past, conventional methods have been uti-
lized to detect and evaluate renal disorders. These 
methods include computed tomography (CT) scans, 
magnetic resonance imaging (MRI), conventional ul-
trasound (USG), and biochemical analysis of blood 
samples. However, each method carries its own risks, 
such as radiation exposure and the administration of 
iodinated contrast medium in CT scans. Conventional 
renal USG is often used for initial evaluation because 
it is safe, easy, and inexpensive to perform. Renal 
USG can easily assess features such as increased 
parenchymal echogenicity and decreased renal size 
and parenchymal thickness. Parenchymal echogenicity 
is a commonly used marker for nephropathy. How-
ever, this marker is subjective, not quantitative, and 
often fails to detect renal abnormalities [7]. Elastog-
raphy is a non-invasive, objective and cost-effective 
ultra-sonographic imaging modality that evaluates tis-
sue elasticity [8]. Strain wave elastography, acoustic 
radiation force impulse imaging, shear wave elastog-
raphy (SWE) and transient elastography are the dif-
ferent elastography techniques. The advantage of 
SWE over other USG elastography techniques is that 
it shows the true quantitative elasticity values of the 
tissues (kPa). It also does not require external com-
pression and therefore allows to investigate the elas-
ticity of the abdominal organs [7, 9]. Variations of 
SWE have been used to study many organs, including 
breast, thyroid, prostate, renal allografts and CKD [10-
13]. Renal cortical stiffness, as assessed by SWE, ex-
hibits a correlation with renal parenchymal disease and 

fibrosis. Importantly, this parameter remains unaf-
fected by systemic and demographic variables [2].  
      In the kidney, amyloid can accumulate in the vas-
cular space, glomeruli and interstitial space. The 
glomerulus is the most common and most severely in-
volved renal compartment, but as mentioned above, it 
can be asymptomatic until the late stage [14]. There-
fore, amyloid deposit in the renal parenchyma can be 
detected by SWE without any symptoms.  As a matter 
of fact, in a few limited and small-scale studies on this 
subject, SWE values were found to be higher in FMF 
patients [15, 16]. This study aimed to evaluate renal 
elasticity in FMF patients with SWE 
 
 
METHODS 
 
Patient Population  
In this cross-sectional pilot study, 53 FMF patients 
were recruited from the Department of Rheumatology 
at the Health Sciences University Antalya Training 
and Research Hospital, and 51 age- and sex-matched 
healthy control participants were enrolled in the study 
between June 2022 and June 2023.  
      The FMF diagnosis was made according to Tel-
Hashomer criteria and all FMF patients were on 
colchicine treatment (1.5 mg/day) [17]. International 
severity scoring system for FMF (ISSF) was used to 
assess severity  [18]. In this scoring system, parame-
ters such as chronic sequelae, organ involvement and 
failure, and attack frequency are scored to determine 
the severity of the disease. A detailed history of the 
disease (duration of treatment, disease severity, etc.) 
was obtained from each patient, routine physical ex-
amination, laboratory examinations (blood urea nitro-
gen [BUN], creatinine, C-reactive protein [CRP], 
dipstick, spot urine protein/creatinine ratio) and con-
ventional and doppler USG was performed followed 
by SWE imaging to measure renal stiffness. All par-
ticipants in the healthy control group had normal lab-
oratory parameters and no abnormal findings 
(echogenicity, kidney size, cortical blood flow, etc) on 
conventional doppler USG.  
      The exclusion criteria were as follows; partici-
pants with FMF-associated renal involvement, partic-
ipants with diseases affecting the kidney other than 
FMF (such as chronic kidney disease [CKD], diabetes 
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mellitus, hypertension, cardiovascular diseases, etc.), 
participants using nephrotoxic drugs such as nons-
teroidal anti-inflammatory drugs, antibiotics in the past 
three months, participants with estimated glomerular 
filtration rate (eGFR) < 60 mL/min (It was calculated 
eGFR using KD-EPI Creatinine 2009) or markers of 
kidney damage such as haematuria and proteinuria), 
smokers, participants with CKD any findings on con-
ventional and doppler USG, participants with body 
mass index (BMI) over 35 kg/m2, participants with 
pregnancy or nursing status, any condition that pre-
vents visualization of the kidney by ultrasound. Partic-
ipants over 18 years of age who did not fulfill any of 
the exclusion criteria were included in the study. This 
study was approved by the Clinical Research Ethics 

Committee of Health Sciences University Antalya 
Training and Research Hospital (Approval number: 8/9 
and date: 08.06.2023) and was conducted in accor-
dance with the ethical standards defined in the 1964 
Helsinki Declaration. During the study execution, pa-
tients were informed about the study, and their written 
consents were obtained. All participants gave written 
informed consent before enrolment. 
 
Shear Wave Elastography  
      SWE assessment was conducted using a convex 
abdominal probe operating at a frequency range of 5-
1 MHz, utilizing the Toshiba Applio 500 ultrasound 
system based in Tokyo, Japan. SWE measurements 
were assessed from the left kidney while the patients 
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Fig. 1. Elasticity (kPa) and velocity (m/s) values in measurements obtained in the transverse plane from the lower pole 
parenchyma of the kidney in a FMD patient. 

!
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&Fig. 2. Elasticity (kPa) and velocity (m/s) values in measurements obtained in the transverse plane from the pole parenchyma 
of the kidney in a healthy individual. 
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were lying in the lateral decubitus position. If the left 
kidney was deep or the acoustic window was deemed 
inadequate by the radiologist, measurements were 
taken from the right kidney. To minimize external 
pressure on the kidney, measurements were performed 
at the end-expiration. SWE evaluation was obtained 
at the lower renal pole, where the acoustic window 
was optimum. The measurement was performed in the 
transverse axis of the kidney so that the medulla seg-
ments do not enter the image area from the lower pole. 
Measurements were acquired subsequent to defining 
a region of interest (ROI) on specified targets within 
conventional renal USG images. ROI was positioned 
vertically within a renal cortex region devoid of ves-
sels or cysts. The primary axis of the ROI was aligned 
in parallel with the axis of the renal pyramid, oriented 
vertically to the kidney surface. The maximum ROI 
target distance was 8 cm, and the ROI constant box 
size was 1-0.5 cm. We obtained five valid measure-
ments from kidney and calculated the mean value. 
SWE stiffness values were presented as kPa, velocity 
values as m/sec (Figs. 1 and 2). Participants were as-
sessed by a single radiologist with 5 years of experi-
ence in SWE. The radiologist was blinded to the 
groups.   
 
Statistical Analysis  
      Descriptive analyses were depicted with measures 
such as mean ± standard deviation, median (minimum-
maximum), or n (%), as deemed suitable. The normal-
ity of the data was assessed using the Shapiro–Wilk 
test, while categorical data were subjected to analysis 
using the Pearson chi-square test. The Mann-Whitney 

U test and Student's t-test were employed for the 
analysis of numerical data with non-normal and nor-
mal distributions, respectively. Receiver Operating 
Characteristic (ROC) curve analysis was utilized to 
ascertain the optimal cut-off point for elasticity and 
velocity in predicting FMF. The Area Under the Curve 
(AUC), sensitivity, and specificity were calculated and 
reported with 95% confidence intervals. The optimal 
threshold for measurements was identified as the value 
associated with the maximum Youden index. To ex-
plore relationships between variables, Spearman's cor-
relation coefficient was computed. Statistical analysis 
was conducted using IBM SPSS Statistics for Win-
dows, Version 23.0 (IBM Corp., Armonk, NY). A two-
tailed p-value less than 0.05 was deemed statistically 
significant. 
 
 
RESULTS 
 
A cohort comprising 53 FMF patients (28 females) 
and 51 healthy participants (31 females) were included 
in this study. The average age among FMF patients 
was 39.98±11.56 years, while healthy participants had 
an average age of 41.63±16.07 years. There was no 
statistically significant age and BMI difference be-
tween the patient and control groups (Table 1).  
      We found that SWE values were statistically 
higher in FMF patients than in the control group. The 
mean values for elasticity were 17.66±3.77 kPa, 
15.49±3.15 kPa, respectively (P= 0.002). The mean 
values for velocity were 2.31±0.25 m/sec and 
2.12±0.26 m/sec, respectively (P<0.001) (Table 1). 
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There is no significant correlation between SWE val-
ues and age, eGFR, BUN and creatinine (Table 2).  
Upon analyzing the correlation coefficients of mean 
elasticity and mean velocity values in relation to treat-
ment duration and disease severity, it was observed 
that the correlation coefficients for both mean elastic-
ity and velocity values with treatment duration were 
neither significant nor high (P>0.05). Conversely, a 
strong, direct, and significant correlation was identi-
fied between SWE value and disease severity (ISSF 
score) (elasticity: r=0.853, P<0.001; velocity: r 
=0.801, P<0.001,) (Table 3).  
      Using a cut-off value >15.8 kPa for mean values 
for elasticity, the area under the ROC curve to diag-
nose FMF was 0.674 (95%CI: 0.575-0.763, P=0.001) 
with a sensitivity and specificity of 67.92 and 62.75, 
respectively (Fig. 3). These values indicate that the test 
has a certain accuracy, although not perfect, in show-
ing renal involvement, and that velocity has a slightly 
higher accuracy than elasticity. Using optimal cut-off 
value > 2.25 m/s for velocity, the area under the ROC 
curve was found 0.707 to diagnose FMF (95%CI: 
0.609-0.792, P<0.001) with a sensitivity and speci-
ficity of 67.92% and 74.51, respectively (Fig. 4).  

DISCUSSION 
 
Early detection of amyloidosis in high-risk FMF pa-
tients is crucial due to its lethal consequences. In this 
preliminary study, we conducted an assessment of the 
renal parenchyma in FMF patients using SWE early. 
Our findings revealed that the recorded SWE values 
exhibited a higher magnitude within the patient group 
as compared to the control group. Moreover a strong, 
direct and significant correlation was found between 
mean elasticity and velocity and disease severity.  
      SWE values, like conventional USG, may be af-
fected by age and laboratory parameters such as urea, 
creatinine, and BUN. Yu et al. [19] and Hassan et al. 
[20] and Leong et al. [21] founded significantly cor-
related with age and this laboratory parameters. This 
may be due to the development of glomerulosclerosis, 
interstitial fibrosis, tubular atrophy, and arteriosclero-
sis as the kidneys age. However, Samir et al. [10] re-
ported no significant correlation between elastography 
values and age. Much like the findings of Samir et al. 
[10] our study also did not reveal any significant cor-
relation between these parameters. This lack of corre-
lation could potentially be attributed to variations in 
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the sample type and sample size we selected. Partici-
pants with renal dysfunction were not included in our 
study.  Intrarenal fibrosis represents the ultimate 
shared pathway across all CKD, and the degree of fi-
brosis has been observed to correlate with the severity 
of the disease [22, 23] . As of the present clinical prac-
tices, renal biopsy stands as the sole method available 
for the assessment of renal fibrosis. Since renal biopsy 
is an invasive and expensive method, new methods 
such as elastography are being investigated. For in-
stance, Leong et al. [21] and Samir et al. [10] evalu-
ated renal parenchymal stiffness with SWE in adults 
with CKD, they reported that the patient group had 
higher SWE values than the control group. In addition, 
Hu et al. [24] investigated the relationship between 
SWE scores and renal biopsy scores in CKD patients. 
In this study, it was determined that as the fibrosis 
score increased in the biopsy and the elasticity score 
also increased.  As a result of these studies, it has been 
shown that SWE is a cost-effective and non-invasive 
method that provides additional diagnostic informa-

tion in the diagnosis and follow-up of CKD [24].  
      CKD incidence and prevalence are increasing, 
particularly diabetes and hypertension-related 
nephropathies [25]. It is crucial to ascertain alterations 
in mesangial, endothelial, and epithelial cells during 
the early stages of fibrosis, preceding the onset of 
nephropathy. In studies conducted for this purpose, the 
SWE values of patients with primary hypertension or 
diabetes mellitus without signs of nephropathy were 
observed to be greater than the control groups [26, 27]. 
In addition, increased SWE levels in patients with di-
abetic nephropathy correlated with BUN, creatinine, 
eGFR, urinary albumin/creatinine ratio, and urinary 
micro albumin level in these studies [18, 19, 28]. Sim-
ilar to these studies, we found SWE values were 
higher in patients with FMF without nephropathy. 
However, we did not detect significant correlation be-
tween SWE values and eGFR, BUN, creatinine. It 
may result from exclusion of patients with eGFR <60 
mL/min and/or those with signs of nephropathy such 
as microalbuminuria. In conclusion, SWE can be em-
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Fig. 3. ROC analysis for elasticity in predicting diagnosis of 
FMF. In the ROC analysis with a cut-off value of >15.8 kPa 
for elasticity, the AUC was 0.674. The sensitivity and speci-
ficity of the elasticity parameter was 67.92% and 62.75%, re-
spectively. 

Fig. 4. ROC analysis for velocity in predicting diagnosis of 
FMF. In the ROC analysis performed with a cut-off value of 
>2.25 m/s for velocity, the AUC was calculated as 0.707. The 
sensitivity and specificity of the velocity parameter was 
67.92% and 74.51, respectively.
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ployed as a new method in the early diagnosis and fol-
low-up of nephropathy.  
      There are few studies in the literature investi-
gatıng renal elastography in FMF patients Bayra-
moğlu et al. [15] compared the changes in lung, 
spleen, pancreas and kidney elasticity in prediatric 
FMF patients with and without amyloidosis with 
healthy control group. They found that liver, spleen, 
kidney and pancreas elasticity values were signifi-
cantly higher in the amyloidosis group compared to 
the control group. SWE values were significantly 
higher in the FMF group with or without amyloidosis 
compared to control subjects. In this study, the age 
range of the participants was very wide. Factors that 
may affect SWE values such as BMI, hypertension, 
diabetes mellitus and smoking were not excluded. In 
addition, participants were not evaluated for other 
renal pathologies such as cysts and lipomas before 
elastography. In a study conducted by Özmen et al. 
[16] in children with FMF, SWE values were found 
to be higher in FMF patients compared to healthy 
control group. However, in this study, the participants 
were not evaluated in terms of nephropathy (hema-
turia, proteinuria, creatinine). Additionally, the rela-
tionship between disease severity, duration of 
treatment, treatment regimen, age at diagnosis, and 
SWE values was not examined. Albayrak et al. [29] 
compared the renal elasticity value of adult FMF pa-
tients with and without proteinuria with the control 
group. They found that SWE values of FMF patients 
were higher than the control group. In addition, SWE 
values of patients with proteinuria were higher than 
the control group and FMF patients without protein-
uria. However, although FMF patients with protein-
uria were included in the study, biopsy was not 
performed in these patients, so the cause of protein-
uria may be due to causes other than amyloidosis. In 
the study conducted by Kayalı et al. [30] on adult 
FMF patients, higher SWE values were also found 
compared to healthy control group. However, this 
study included a small number of patients, some of 
whom had nephropathy (e.g., proteinuria). Morover, 
factors that may affect SWE values, such as BMI, 
smoking, hypertension and diabetes, have not been 
excluded. In our current study, similar to previous re-
search, we found higher SWE values in FMF patients. 
Unlike other studies, our research included a larger 
number of adult patients and excluded volunteers with 

any evidence of nephropathy to ensure a more objec-
tive and homogeneous sample. 
      Currently, there are no standardized renal SWE 
values available for FMF patients. In their comparison 
of renal velocity and elasticity values between FMF 
patients and the control group, Kayalı et al. [30] es-
tablished cut-off values of 7.37 kPa for elasticity (sen-
sitivity=76%, specificity=93%) and 1.42 m/s for 
velocity (sensitivity=70%, specificity=89%) [30]. In 
our study we have suggested that a cut-off value 15.8 
kPa for mean values for elasticity (sensitivity and 
specificity of 67.92 and 62.75, respectively) and cut-
off value 2.25 m/s for velocity (sensitivity and speci-
ficity of 67.92% and 74.51, respectively). While these 
values may not be adequate for diagnosing FMF pa-
tients, they indicate that SWE could serve as a valu-
able method for monitoring renal involvement in FMF 
patients. Extensive studies in this area may contribute 
to the standardization of SWE values and further aug-
ment their diagnostic utility.  
      Amyloidosis is characterized by the deposition of 
extracellular protein material known as amyloid in 
various organs, including the heart and kidneys. This 
condition can result in a gradual decline in organ func-
tion, potentially culminating in a fatal outcome. The 
clinical and imaging characteristics of the disease are 
not pathognomonic. Currently, a biopsy is needed to 
demonstrate the deposition of amyloid. Elastography 
is a novel imaging technique for assessing tissue elas-
ticity. Elestosonographic findings have been demon-
strated that amyloid material increases the tissue 
stiffness of the affected organ [28]. For instance, nu-
merous case reports have demonstrated elevated liver 
stiffness in patients with hepatic amyloidosis [31-33]. 
Amyloidosis is seen more often in patients in the se-
vere disease group. ISSF is the most commonly used 
scoring system to determine the severity of the disease 
in the follow-up of FMF patients. Kayalı et al. [30] 
found that as ISSF scores increased, SWE values also 
increased, but this positive correlation was not statis-
tically significant. In our study, we observed a strong 
correlation was found between SWE values and dis-
ease severity score. Long-term prospective studies 
with larger cohorts are necessary to understand the fu-
ture implications of these results for FMF patients.  
 
Limitations  
      This study has same limitations: (1) The number 
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of patients enrolled in this study was low and further 
studies with larger number patients are required. (2) 
In our study, there are two groups of individuals with 
normal kidney function with or without FMF. We rec-
ommend further studies including FMF patients with 
amyloidosis as a third group. (3) Since kidney biopsy 
is not clinically indicated for patients with FMF, no 
biopsy data were included for histological measure-
ment. (4) We did not measure the variance between 
observations as all SWE studies were performed by a 
single radiologist.  
 
 
CONCLUSION 
 
We observed that the SWE values were higher in the 
patient group than in the control group. In additon, a 
strong correlation was found between elasticity and 
velocity and disease severity.  Recently, SWE has been 
found to be a useful method in the early diagnosis and 
follow-up of renal involvement (especially amyloido-
sis). SWE may be also a cost-effective, non-invasive 
method to diagnose and follow up renal involvement 
(especially amyloidosis) in FMF patients. 
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