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ABSTRACT: Today’s society has gradually entered an aging phase, and among the elderly population, 
the risk of chronic kidney disease (CKD) is significantly increased. Renal fibrosis is the key pathological 
mechanism for the development of chronic kidney disease to end-stage renal disease. With the increase in 
age, the phenomenon of glomerular sclerosis and interstitial fibrosis in aging kidneys gradually aggravates, 
and the glomerular filtration rate (GFR) decreases, further affecting renal function. Fibrosis not only 
accelerates the loss of renal function but also significantly increases the risk of cardiovascular disease, 
which seriously affects the quality of life and life expectancy of patients. This paper reviews the relevant 
literature and discusses the characteristics of an aging kidney and the diagnostic methods for renal fibrosis. 
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1. Introduction 

With the development of society and improvements in healthcare, the global population is aging rapidly. 
According to the 27th Edition of the global population estimation and prediction report released by the 
United Nations, in 2024, more than 10% of the people in the world will be over 65 years old, and it is 
estimated that this age group will account for more than 16% of the global population by 2050 [1]. In the 
elderly population, the prevalence of CKD is significantly increased, and more than 1/3 of people over 70 
years old have moderate to severe CKD [2]. The aging process itself is considered to be an independent 
risk factor for the occurrence and development of CKD. It significantly magnifies the risk of CKD in the 
elderly through a variety of complex pathological mechanisms, and accelerates the progress of the disease, 
thus bringing a heavy burden to society and the economy [3]. This increased risk is clinically relevant, 
meaning that renal outcomes are prone to adverse effects as age increases. However, the exact mechanism 
of renal dysfunction in the elderly is still unknown. The effect of aging on the whole body is manifested in 
the impairment of physiological homeostasis and the increase of “wear” burden. Therefore, renal aging is 
not an independent disease but a complex, continuously changing pathophysiological process. Renal 
fibrosis is a common pathological process in renal aging and in the progression of CKD to end-stage renal 
disease, including glomerular sclerosis and renal interstitial fibrosis, and its pathogenesis is complex. It is 
characterized by infiltration of inflammatory cells, activation of myofibroblasts and deposition of a large 
amount of extracellular matrix, forming scar tissue, leading to destruction of renal tissue structure, 
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functional damage and finally loss [4]. Currently, it can only delay the progress of CKD in the clinic, but it 
will eventually progress to renal failure. Dialysis and kidney transplantation are the only treatment methods 
[5]. For elderly patients with CKD, accurate diagnosis and evaluation of fibrosis is of great significance for 
disease monitoring, treatment planning and prognosis improvement. Currently, the gold standard for the 
diagnosis of renal fibrosis in elderly patients with kidney disease is renal biopsy, but as an invasive 
examination method, it has many limitations for elderly patients with kidney disease. In recent years, with 
the continuous emergence of new technologies such as functional magnetic resonance imaging (fMRI), 
Ultrasonic elastography and Nano-delivery system, these cutting-edge tools have shown great application 
potential in the field of elderly kidney disease, and gradually become a new choice for the diagnosis and 
monitoring of renal fibrosis, effectively making up for the shortcomings of traditional diagnostic methods, 
and opening up a new way for non-invasive diagnosis and monitoring of renal fibrosis in elderly patients 
with kidney disease. 

2. Characteristics of an Aging Kidney 

Aging refers to the natural phenomenon that human tissue structure and physiological function decline 
with aging. Aging is not a disease, but the biggest risk factor for senile diseases. The biological significance 
of aging is to make individuals die through aging, so as to maintain the stability of the species’ genome. 
Even without hypertension or diabetes, the morphology and function of the kidney will be affected by aging. 
In the aging kidney, glomerular sclerosis, interstitial fibrosis, arteriosclerosis, reduced renal mass, reduced 
glomerular filtration rate, increased vascular resistance, degradation of the urine concentration mechanism 
and acid-base imbalance. This article summarizes the structural and functional changes in aging kidneys, 
as shown in Table 1. 

Table 1. Structural and functional changes in the aging kidney. 

 Structural Change Functional Changes 
Glomeruli Glomerulosclerosis and a reduced number of nephrons Decreased filtration surface area 
Tubules Tubular atrophy and basement membrane thickening Impaired reabsorption and secretion 

Interstitium Increased fibrosis and collagen deposition Reduced oxygen diffusion, ischemia 
Vasculature Arteriosclerosis, decreased renal blood flow Lower GFR and altered autoregulation 
Renal mass Thinning cortical thickness Overall reduction in renal function 

GFR: glomerular filtration rate. 

2.1. Structural Changes of the Kidney in the Elderly 

2.1.1. Glomerular Sclerosis and Quantity Reduction 

The number and size of intact or normal glomeruli gradually decreased with age. One of the most 
frequently observed pathological changes in aging kidneys is the increase in the incidence of focal and 
global glomerular sclerosis. Unlike in CKD, hypertrophy of residual functional glomeruli and albuminuria 
were not observed during healthy aging [6]. The number of glomerular mesangial cells and endothelial cells 
will also increase with age until age 50, so they can maintain a physiologically appropriate proportion to 
the expanded glomerular volume [7]. However, with increasing age, the numbers of mesangial and 
endothelial cells gradually decreased after 50 years of age, resulting in damage to the structural integrity of 
the glomerular capillary network, a reduction in the effective filtration area, and a reduction in glomerular 
filtration rate (GFR) and filtration function. This change is more significant after the age of 70 [7]. 
Representative images of renal biopsy with the main features of nephrosclerosis are shown in Figure 1 (The 
figure was firstly publicated in Advances in Chronic Kidney Disease in 2016 by Denic et al.) [8]. 
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Figure 1. Representative kidney biopsy images with the main features of nephrosclerosis [8]. (A) Two globally sclerotic 
glomeruli (GSG) are labeled with black arrowheads. Non-sclerotic glomerulus (NSG) is labeled with a black star. GSG are 
surrounded by tubular atrophy. (B) Thickened intima of a small to medium size artery (the area between red and yellow 
boundaries). (C) Two foci of tubular atrophy and interstitial fibrosis are magnified. 

2.1.2. Renal Tubular Atrophy and Interstitial Fibrosis 

Glomerular sclerosis is accompanied by renal tubular atrophy (TA) and interstitial fibrosis (IF), which 
are considered to be the main pathological changes of the renal tubulointerstitium in an aging kidney. With 
aging, the volume, number, and length of renal tubules decrease, while the number of renal tubular 
diverticula (local cystic expansions) increases. In addition, renal tubular atrophy is accompanied by 
thickening of the renal tubular basement membrane [9]. Compared with CKD, Interstitial fibrosis/tubular 
atrophy (IFTA) caused by nephron loss caused by aging is not as obvious as CKD, but with the increase in 
age, the mode of IFTA is enlightening. Analysis of large, unaffected wedge-shaped samples of renal tissue 
from patients undergoing radical nephrectomy for tumors showed that IFTA in elderly patients showed a 
more dispersed pattern than that in young patients, even though their IFTA percentages were the same [10]. 

Despite these changes, it should be noted that aging itself does not necessarily lead to a decline in renal 
function or clinical problems. The GFR of mononephron can remain stable until at least 70 years old [11]. 
Because the elderly kidney still has a certain compensatory mechanism to maintain “normal renal function”. 
These compensatory mechanisms primarily include the hypertrophy of nephrons and the adjustment of 
renal tubular function to adapt to the reduction in nephron numbers and declining function. 

2.2. Changes of Renal Function in the Elderly 

The changes in the biological functions of the aging kidney show a decrease in GFR, the impairment 
of renal tubular function, the increase of renal vascular resistance and endocrine dysfunction. 

Age related decline in GFR has long been recognized as an initial parameter for evaluating age-related 
decline in function [12]. Studies have shown that renal tubular atrophy and interstitial fibrosis are correlated 
with eGFR [13]. Accurate estimation of GFR is very important for the diagnosis, risk stratification and drug 
dose adjustment of kidney disease. Especially in elderly patients, the prevalence of CKD, multiple drug use 
and the risk of adverse drug events are high. The gold standard for evaluating renal function is invasive 
GFR measurement using exogenous markers such as iodixanol or iodotide [14,15]. However, the 
measurement of glomerular filtration rate (mGFR) has not been widely used or available in clinical practice, 
because it requires standardized scheme, extended sampling time, repeated blood measurements, and a 
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professional laboratory. Serum creatinine (Cr) and cystatin C (Cys) are widely used endogenous filtration 
markers for estimating GFR. Therefore, clinicians often face the problem that there are differences in the 
estimated values of GFR in the same body (using cystatin C, creatinine or a combination of both). These 
differences are particularly obvious in the elderly population. Because muscle mass and dietary protein 
intake of the elderly decrease with age, people worry that creatinine may not be the preferred filter marker 
for estimating GFR. In particular, lower muscle mass or protein intake may lead to a systematic 
overestimation of mGFR and an underestimate of the prevalence of CKD when eGFRcr (estimated 
glomerular filtration rate based on creatinine) is used. Cystatin C is not affected by muscle mass or dietary 
protein intake and is considered superior to creatinine in the elderly. In a study, it was found that in the two 
estimates based on creatinine (eGFRcr) and cystatin C (eGFRcys), the lower estimate may be more accurate 
[16]. Studies have found that in patients with CKD, the equation combining creatinine and cystatin C 
performs better than the equation using creatinine or cystatin C alone, and concluded that the Full Age 
Spectrum Creatinine-Cystatin C equation (FASCr-Cys) is better than the Chronic Kidney Disease 
Epidemiology Collaboration (CKD-EPI) creatinine-cystatin C equation (CKD-EPI Cr-Cys) [17]. 

Age related renal tubular dysfunction is characterized by decreased ability to concentrate urine, 
electrolyte imbalance, and increased susceptibility to acute kidney injury (AKI). The main cause of renal 
tubular injury is the reduction of the ability to concentrate or dilute urine caused by renal tubular 
arteriosclerosis. Due to the reduction of renal dilution ability, the elderly are more vulnerable to stress 
conditions such as surgery, fever, diuretics or other drugs that enhance the effect of antidiuretic hormone. 
The reduction of urinary sodium excretion in the elderly population leads to an increased susceptibility to 
volume overload. The kidney regulates acid-base balance by retaining bicarbonate and secreting net acid 
in the form of ammonium and titratable acid in the renal lumen. Under basic conditions, there was no 
significant difference in blood pH and bicarbonate levels between healthy elderly and young people. 
However, when faced with an acute acid load, the elderly kidney cannot increase acid excretion as 
effectively as the young kidney, resulting in a lower urine pH [18]. 

The kidney is a highly vascularized organ, and its function is highly dependent on adequate blood 
supply. The vascular system of the elderly kidney also has significant degenerative changes, mainly 
manifested as arteriosclerosis and capillary rarefaction [19]. Especially after 60 years old, the degree of 
arteriosclerosis increased significantly. 

The higher incidence of anemia in the elderly can be attributed to the reduction of erythropoietin 
production associated with tubular atrophy or tubulointerstitial scar. The function of 1α-hydroxylase in the 
elderly kidney is weakened, which leads to the reduction of 1,25-dihydroxyvitamin D synthesis ability. 
This will increase the risk of osteoporosis in the elderly [20]. The kidney can remove about 50% of insulin 
from the systemic circulation through glomerular filtration and proximal renal tubular uptake and 
degradation, whereas the systemic insulin clearance rate in the elderly is lower than that in the young due 
to declining renal function [21]. 

3. Diagnosis of Renal Fibrosis 

3.1. Renal Biopsy 

Percutaneous renal biopsy and histopathological evaluation remain the gold standard for diagnosing 
renal fibrosis. This method can directly observe the pathological changes of renal tissue, clarify the degree 
and scope of fibrosis, and provide a decisive basis for diagnosis and treatment. A small number of renal 
tissue samples were obtained and made into paraffin sections with a thickness of 2~3 μm. After dewaxing 
and rehydration antigen repair, sealing, color development and re staining reaction, light microscopy was 
performed. Pathologists can directly observe histological changes in the kidney under a microscope. At 
present, the standard method for quantitative evaluation of renal fibrosis in most pathological departments 
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is to visually evaluate the carrier glass of special staining, such as Masson trichrome staining or Sirius red 
staining, which can specifically display extracellular matrix components such as collagen fibers [22]. 
However, the visual assessment method has moderate repeatability [22], and Masson staining is not 
sensitive to mild fibrosis [23,24]. To improve the accuracy and repeatability of the assessment, some 
laboratories began adopting morphometry, using image analysis software (such as ImageJ (1.53t version, 
National Institute of Health, Bethesda, MD, USA)) to quantitatively analyse pathological incisions, 
accurately measure parameters such as interstitial fibrosis volume and renal atrophy volume, and reduce 
human error. In their research, Farris et al. Found that the variation between observers of morphometric 
methods was small by comparing morphometric methods with visual evaluation methods [25]. 

In addition, immunohistochemical staining technology is also widely used to localize, qualitatively and 
semi quantitatively analyze specific antigens (such as collagen Ⅲ) in tissues through specific antibodies. 
Studies have found that the results of visual evaluation of anti collagen Ⅲ stained sections are closely 
related to the results of computer morphological evaluation. And this evaluation method is a good predictor 
of eGFR [26]. 

However, although renal biopsy has irreplaceable value in diagnosis, its application in elderly patients 
is facing severe challenges and many limitations. First, the operation is invasive, and its potential 
complications can not be ignored, including perirenal hematoma, gross hematuria, arteriovenous fistula, 
infection and even death. Elderly patients are often complicated with hypertension, atherosclerosis, 
coagulation dysfunction and other basic diseases, their physiological reserve function is decreased, and 
their tolerance to the puncture operation is poor, so the risk of complications is significantly higher than 
that of young patients. Secondly, the amount of tissue samples obtained by renal biopsy is limited, which 
usually contains only 10–20 renal spheres, and the lesions of the kidney are often focal or segmental 
distribution, which may lead to sampling error, that is, the biopsy sample can not fully represent the real 
lesions of the whole kidney, which may lead to false negative results or underestimate the degree of fibrosis. 
Furthermore, the repeatability of renal biopsy is limited. Because of its invasiveness and risk, it is difficult 
to make multiple progress in a short time, which limits its application in dynamic monitoring of fibrosis 
progress, evaluating treatment effect or observing the natural course of disease. Therefore, in clinical 
practice, especially for elderly patients with stable disease and no obvious signs of progression, doctors 
tend to be cautious about renal biopsy. These limitations collectively drive the rapid development of non-
invasive diagnostic techniques, aimed at exploring a safer, reproducible, and comprehensive method for 
assessing the degree of renal fibrosis. At present, non-invasive assessment methods have made significant 
progress and occupy an important position in fibrosis assessment, including serum and urine biomarker 
detection, ultrasound based hardness measurement technology, molecular imaging technology (such as 
FAPI-PET/CT), and multi parameter functional magnetic resonance imaging (fMRI). These technologies 
each have their own advantages, providing supplementary evaluation information across multiple 
dimensions, including fibrosis burden, microstructural changes, perfusion abnormalities, and inflammatory 
activity status, thereby providing diversified support for accurate clinical judgment of renal fibrosis. 

3.2. Laboratory Tests 

In view of the limitations of renal biopsy, the search for non-invasive and dynamic markers of renal 
fibrosis has become a hot spot in clinical research. Serum markers have attracted much attention because 
of their detection methods and strong repeatability. At present, clinical mainly through the detection of 
serum creatinine, blood urea nitrogen, eGFR and other indicators to evaluate the progress of CKD, but these 
indicators are less sensitive to early tubulointerstitial fibrosis. Hypoxia inducible factor-1α (HIF-1α) is a 
hypoxia-inducible factor. Under hypoxia, the expression of HIF-1α in the nucleus is significantly increased, 
and it can activate the transcription of hypoxia response element (HRE) of hypoxia inducible gene, leading 
to hypoxia response in cells [27]. Animal experiments have found that knocking out the expression of HIF-
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1α gene can effectively delay the occurrence of renal fibrosis in CKD rats [28]. Transforming growth factor 
1 (TGF-β1) is a multifunctional protein peptide, which mainly exists in kidney tissue and is currently 
recognized as an important growth factor causing renal fibrosis [29]. Overexpression of TGF-β1 can cause 
a series of physiological changes, such as promoting the deposition of extracellular matrix, stimulating the 
proliferation and activation of fibroblasts, and mediating the involvement of connective tissue growth factor 
in renal fibrosis [30]. At present, clinical studies have shown that the elevated levels of serum HIF-1α and 
TGF-β1 detected by enzyme-linked immunosorbent assay (ELISA) are related to the progression of CKD 
and renal interstitial fibrosis, and can be used as a predictor for the diagnosis of TIF in CKD patients, and 
the combined detection of the two can improve the diagnostic accuracy [31]. Matrix metalloproteinase-7 
(MMP-7) is an endopeptidase that can degrade extracellular matrix and basement membrane. It is also a 
downstream target gene of wnt/β-catenin signaling pathway [32,33]. More and more evidence indicates that 
MMP-7 plays an important role in the pathogenesis of renal fibrosis, and its urinary level is closely related 
to the degree of renal fibrosis, making it an important biomarker for predicting the progression of renal 
disease [34,35]. Wang et al. found that higher urinary fibrinogen levels in patients with kidney disease were 
associated with more severe interstitial fibrosis and renal tubular atrophy [36]. Kidney injury molecule-1 
(KIM-1) is a transmembrane glycoprotein, which is highly expressed in injured proximal renal tubular 
epithelial cells and can be detected in plasma and urine [37,38]. Studies have shown that the expression of 
KIM-1 in renal tubules is related to renal inflammation and fibrosis. It is considered to be an early, sensitive 
and specific urinary biomarker of renal injury [39,40]. Dickkopf-related protein 3 (Dkk-3) is a glycoprotein 
secreted by renal tubular epithelial cells under stress [41]. The study found that the level of Dkk-3 (uDkk-
3) in the urine of CKD patients detected by ELISA was closely related to the severity of renal tubular 
atrophy and interstitial fibrosis observed in renal biopsy [42]. Monocyte chemoattractant protein-1 (MCP-
1), also known as C–C motif chemokine ligand 2 (CCL2), is a chemokine produced by damaged renal 
tubular epithelial cells and monocytes/macrophages. MCP-1 mediates and promotes renal fibrosis by 
inducing inflammatory cell activation and recruiting monocytes/macrophages. Interleukin (IL) is a group 
of cytokine proteins produced by various cells in the body, including immune cells. Both are inflammation 
related factors, and studies have found that IL-6 and MCP-1 in urine are associated with focal 
glomerulosclerosis and interstitial fibrosis expansion, but not with mesangial, extra capillary or intra 
capillary proliferation. After adjusting for age and eGFR, MCP-1 and IL-6 levels are independent predictors 
of fibrosis surface [43]. A single-cell RNA sequencing study of kidney tissue from CKD patients and 
healthy controls also found that the expression levels of IL-6, IL-18, and IL-33 were positively correlated 
with fibrosis severity and negatively correlated with eGFR [44]. However, there are limitations in 
evaluating renal fibrosis based on inflammation related factors, as their expression is easily disrupted by 
systemic inflammation, comorbidities, and other factors. 

So far, cumulative biomarkers have been identified to reflect all aspects of renal function and structural 
changes in kidney disease. However, multi center large-scale studies are needed to verify its efficacy further. 
Secondly, more and more studies have shown that a single biomarker has limitations in diagnosis and 
monitoring, and it is difficult to evaluate the complex pathological conditions of elderly patients 
comprehensively. Therefore, exploring the combined application of multiple biomarkers is very important 
for accurately monitoring renal function, evaluating disease risk and improving treatment effect in elderly 
patients with kidney disease. This can not only provide more accurate information on disease progression, 
but also help to develop personalized treatment programs, so as to reduce the burden of kidney disease in 
the elderly. 
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3.3. Imaging Examination 

3.3.1. Ultrasound 

Ultrasound-based diagnostic techniques, owing to their non-invasive, convenient, and repeatable 
nature, hold significant clinical value in the assessment of renal fibrosis in elderly patients. The pathological 
progression of renal fibrosis is typically accompanied by two key alterations: increased renal tissue stiffness, 
resulting from extracellular matrix deposition, and abnormal renal microvascular perfusion, which 
represents a critical early pathological feature. Accordingly, ultrasound methods for evaluating renal 
fibrosis in elderly patients can be broadly classified into two categories. The first focuses on assessing renal 
tissue elasticity, providing a quantitative measure of tissue stiffness to reflect fibrosis severity. The second 
emphasizes evaluation of renal vascular alterations, enabling visualization of microvascular structures and 
quantification of perfusion status to facilitate early detection and comprehensive assessment of fibrosis. 
The following sections will detail the applications and recent advances of these two categories of techniques. 

Tissue Elasticity Assessment (Elastography) 

Ultrasonic elastography is a non-invasive method to measure the hardness of various tissues. In recent 
years, it has been used to evaluate liver fibrosis and to distinguish malignant from benign tumors in the 
thyroid and breast regions [45–49]. The basic principle is that the hardness of fibrotic tissue is significantly 
higher than that of normal tissue due to the deposition of extracellular matrix. According to different 
measurement principles, ultrasonic elastography can be divided into shear wave elastography (SWE) and 
strain imaging. 

Virtual touch tissue quantification (VTQ) generates a shear wave in tissue through acoustic radiation 
force pulse (ARFI) and measures its shear wave velocity (SWV), which is positively correlated with tissue 
hardness [50]. The value of VTQ technology in the evaluation of chronic liver disease, especially liver 
fibrosis, has been confirmed by many studies [51]. Many studies have discussed the relationship between 
SWV and the degree of renal fibrosis, but the results are not completely consistent. Bob et al. found that 
the SWV of patients with chronic glomerulonephritis was generally lower than that of the normal control 
group. With the presence of renal histological lesions, the SWV showed a downward trend. In addition, the 
study pointed out that in the control group, renal SWV decreased with increasing age and measurement 
depth; however, when these scores (a semi-quantitative score of the severity of histological changes in 
chronic kidney disease) were correlated with renal SWV, no significant correlation was found [52]. Hu et 
al. found that SWV was negatively correlated with Katafuchi grading (r = −0.504, *p* < 0.001) and IFTA 
(T score, r = −0.490, *p* < 0.001). Moreover, when evaluating diagnostic efficacy via the receiver operating 
characteristic curve (ROC), the area under the curve (AUC) of SWV combined with conventional 
ultrasound indicators (renal length, parenchymal thickness, interlobular arterial resistance index) was 
higher than that of SWV alone or conventional ultrasound alone, which further improved the diagnostic 
accuracy for renal pathological damage [53]. Yang et al. evaluated 90 patients with idiopathic nephrotic 
syndrome and 30 healthy controls and found that SWV increased progressively with the severity of renal 
interstitial fibrosis. SWV showed good diagnostic performance, with an AUC of 0.869 (95% CI: 0.791–
0.947; cut-off 2.41 m/s) for identifying moderate fibrosis and 0.954 (95% CI: 0.917–0.998; cut-off 2.77 
m/s) for severe fibrosis, demonstrating high sensitivity and specificity [54]. This indicates that SWV has 
good diagnostic accuracy for distinguishing moderate to severe renal interstitial fibrosis, thus providing a 
reliable non-invasive quantitative assessment tool for evaluating the severity of renal interstitial fibrosis in 
patients. This difference may be related to the disease stage, sample size, detection methods and other 
factors. In the future, more large-scale, multicenter studies in elderly patients are needed to further clarify 
the role and significance of SWV in the diagnosis of renal fibrosis in the elderly. Sound touch elastography 
(STE) is a two-dimensional SWE method, which uses multiple ARFI to aim at the extended region of 
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interest (ROI) to display the real-time color stiffness map [55]. SWV can be calculated, and the 
corresponding maximum elastic modulus can be derived [56]. Chen et al. conducted a prospective study 
involving 162 patients with CKD and found that patients with moderate-to-severe renal fibrosis were 
significantly older than those with mild renal fibrosis. An integrated strategy combining SWE and eGFR 
using logistic regression demonstrated the best diagnostic performance in distinguishing mild from 
moderate-to-severe renal fibrosis, with an AUC of 85.8% (95% CI: 80.0–91.6%) and a balanced sensitivity 
(86.4%) and specificity (74.3%), outperforming isolated, serial, and parallel strategies [57]. The advantage 
of shear wave imaging is that the measurement of tissue elasticity does not depend on the operator, because 
shear waves can be automatically triggered by mechanical vibration [58]. However, the problem with this 
method is that the shear wave is not only affected by interstitial fibrosis, but also by changes in renal blood 
flow [59–61]. 

Real time tissue elastography (RTE) is a strain imaging ultrasonic elastography method, which can 
measure tissue displacement caused by heartbeat, so it can be used to evaluate deep organs, such as the 
original kidney. In a cohort of 29 patients with CKD, renal elasticity assessed by RTE showed a positive 
association with age and an inverse association with eGFR, while exhibiting no significant correlation with 
the urinary protein–to–creatinine ratio (UPCR), suggesting that RTE-derived elasticity may preferentially 
reflect structural renal injury rather than functional or proteinuric changes. Importantly, RTE-measured 
renal elasticity was significantly correlated with biopsy-confirmed renal fibrosis, demonstrating good 
interstage discrimination between mild and moderate-to-severe fibrosis (AUC = 0.778); this discriminative 
performance was further enhanced by combining renal elasticity with the interlobar artery resistance index 
(RI), achieving near-excellent diagnostic accuracy (AUC = 0.967 at a cut-off value of 1.75) with good 
interobserver reproducibility [62]. Figure 2 shows RTE images and Masson’s trichrome staining of 
pathological findings corresponding to different grades of IFTA (The figure was firstly publicated in 
Clinical and Experimental Nephrology in 2021 by Makita et al.) [62]. Compared with SWE, RTE appears 
less susceptible to renal hemodynamic variations and allows reliable assessment of native kidneys located 
deep in the retroperitoneum, thereby addressing key limitations of conventional ultrasound elastography. 
RTE seems to be an effective method for evaluating the degree of renal fibrosis. 

 

Figure 2. Typical images of renal elasticity in each of the IFTA grades [62]. Representative examples of the RTE imaging (a–
c) and the light microscopic changes by Masson’s trichrome staining (d–f) of each IFTA grade. (a,d) IFTA mild; (b,e) IFTA 
moderate; (c,f) IFTA severe. Scale bar = 100 μm. 
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Microvascular and Perfusion Assessment 

Renal microvascular injury represents a key pathological feature in the early progression of CKD. The 
aforementioned elastography techniques primarily reflect tissue stiffness and are unable to assess renal 
microvascular perfusion, with limited sensitivity for early-stage fibrosis, thereby restricting their clinical 
applicability. Vascular-related ultrasound techniques, by visualizing microvascular structures or 
quantifying perfusion parameters, can address these limitations and provide an important complementary 
tool for early detection and comprehensive evaluation of renal fibrosis. Among these, superb microvascular 
imaging (SMI) and contrast-enhanced ultrasound (CEUS) are currently the most widely applied. 

SMI, as an emerging ultrasound technique, addresses this limitation by enabling high-resolution 
visualization of renal microvasculature without contrast agents, while allowing quantification of perfusion 
status and assessment of microvascular structural integrity, thereby providing an important complementary 
non-invasive approach for the early detection and comprehensive evaluation of renal fibrosis [63]. In a 
prospective study, Armaly et al. reported that the vascular index derived from SMI was significantly lower 
in patients with CKD than in healthy controls and showed a positive correlation with eGFR and a negative 
correlation with SCr. These findings suggest that SMI-based microvascular parameters are associated with 
CKD stage and related histopathological alterations [64]. Qin et al. developed a multimodal ultrasound deep 
learning model integrating B-mode imaging, SMI, and SE to automatically differentiate early minimal and 
mild renal fibrosis in patients with chronic kidney disease. This model demonstrated superior performance 
compared with single-modality approaches and conventional clinical indicators, offering a promising tool 
for the early non-invasive detection of renal fibrosis [65]. 

CEUS is a non-invasive imaging modality that enables accurate quantitative assessment of 
microvascular perfusion in parenchymal organs by intravenously administering microbubble contrast 
agents [66]. These microbubbles function as intravascular blood-pool tracers, remaining entirely confined 
within the vascular lumen and exhibiting biodistribution characteristics highly similar to those of red blood 
cells [67]. This unique property allows CEUS to faithfully reflect microcirculatory perfusion, an advantage 
that conventional contrast agents used in CT and MRI fail to achieve. This contrast agent has almost no 
renal toxicity and is suitable for patients with impaired renal function. Yang et al. in IgA nephropathy 
(IgAN) patients and Huang et al. in kidney transplant recipients showed that CEUS can noninvasively 
assess IFTA by quantifying renal cortical perfusion parameters, with peak intensity (PI) negatively 
correlated with disease severity. PI thus holds potential as an imaging biomarker for evaluating renal injury 
and treatment response, providing reliable non-invasive evidence for pathological assessment and 
postoperative monitoring [68,69]. 

Photoacoustic Assessment 

Photoacoustic imaging (PAI) is an emerging multimodal imaging technique that integrates the high 
molecular contrast of optical imaging with the deep tissue penetration of ultrasound, demonstrating unique 
potential for the assessment of renal fibrosis [70]. Current evidence suggests that PAI enables quantitative 
evaluation of renal interstitial fibrosis by detecting collagen deposition or reflecting tissue oxygenation 
status [71]. Notably, a study by Hysi et al. demonstrated a significant correlation between PAI signals and 
the degree of fibrosis in ex vivo human kidney tissues, indicating its potential clinical value in assessing 
donor kidney quality for transplantation [72]. However, in vivo clinical studies of PAI in renal fibrosis 
remain limited, and further validation is required before widespread clinical application. 

In summary, ultrasound techniques provide complementary non-invasive approaches for evaluating renal 
fibrosis in elderly patients. Elastography methods, such as SWE and RTE, quantify tissue stiffness, reflecting 
structural injury, whereas microvascular imaging, including SMI, CEUS, and PAI, enables assessment of 
microvascular perfusion and early pathological changes. Integrating these techniques can enhance diagnostic 
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accuracy and provide a more comprehensive evaluation of renal fibrosis, highlighting the potential of 
multimodal ultrasound in both research and clinical practice. However, further large-scale, multicenter studies 
are warranted to validate their clinical utility and standardize their application in elderly populations. 

3.3.2. CT/PET-CT 

Ultrasound-based images are highly operator-dependent, whereas contrast-enhanced computed 
tomography (CT) images are more reproducible and suitable for data-driven quantitative analysis. 
Furthermore, CT examinations are less costly than MRI and enable extensive data acquisition in routine 
clinical practice. CT radiomics shows excellent performance in the non-invasive assessment of renal 
fibrosis: Choi et al. constructed a model based on the total parenchymal features of the left kidney in 95 
patients, achieving an AUC of 0.89 for distinguishing moderate-to-severe chronicity [73]; Ren et al. 
developed a combined model integrating clinical factors such as eGFR and UACR, with an AUC of 0.918 
for predicting severe renal interstitial fibrosis, while realizing end-to-end automation and nomogram 
visualization [74]. Both studies confirm that total parenchymal features are the core imaging input, and the 
integration of clinical factors can optimize practical value, providing a new direction for replacing renal 
biopsy and conducting long-term follow-up. 

At present, studies have shown that contrast-enhanced CT can be used to assess renal structure and 
function; however, elderly patients often have baseline renal function impairment, dehydration, or 
concomitant use of nephrotoxic medications, and iodinated contrast agents may further aggravate renal 
insufficiency. Therefore, the application of contrast-enhanced CT in the clinical evaluation of elderly 
patients should be carefully considered. 

Positron emission tomography/computed tomography (PET/CT) is an imaging technology combining 
function and anatomy. It can noninvasively evaluate biochemical processes in vivo by using specific 
molecular probes (tracers). In recent years, PET/CT quantitatively evaluates the accumulation of 
radioactive tracers in fibrotic tissues by using molecular probes specific to specific biological processes or 
molecules, so as to clarify the disease mechanism and provide high specificity and sensitivity [75]. 
Fibroblast activating protein (FAP) is an atypical type II transmembrane serine protease [76]. FAP can 
hardly be detected in normal organs, but it is significantly up-regulated in tissue remodeling areas (including 
renal fibrosis and pulmonary fibrosis), which can be used as a biomarker of fibrosis [77]. FAP inhibitors 
(FAPIs) are small molecular compounds synthesized based on quinoline structure, which can specifically 
bind to FAP on the surface of cancer associated fibroblasts (CAFs) [76]. At present, after being labeled 
with positron emission radioisotopes, FAPIs can be used as a new tracer to provide a new tool for the 
diagnosis and prognosis of a variety of diseases. Many animal experiments and clinical studies have 
confirmed that using FAP targeted tracers (such as [18F]FAPI-42, [18F]AIF-NOTA-FAPI, [68Ga]Ga-FAPI-
04) to image the kidney can sensitively detect renal fibrosis, and its signal intensity is positively correlated 
with the severity of renal fibrosis, and can predict the progress of fibrosis [78–80]. Figure 3 presents the 
representative PET images of [68Ga]Ga-FAPI-04 in the control group and adenine induced CKD rats at 
modeling weeks 1, 2, 4, and 6. It intuitively shows that the uptake of radioactive tracers in the renal region 
of CKD rats increases progressively with the progression of renal fibrosis, while the dynamic difference of 
low uptake levels is maintained in the control group (The figure was firstly publicated in Molecular 
Pharmaceutics in 2023 by Mao et al.) [79]. Zhao et al. further found that the uptake of Fluorine-18-FAPI 
(18F-FAPI) by the kidney was closely related to the progression of CKD, and had a complex relationship 
with eGFR, which was better than other tracers in the correlation with the severity of CKD, such as 
Fluorine-18-L-dihydroxyphenylalanine (18F-DOPA) and gallium-68 (68Ga)18F-prostate specific membrane 
antigen(PSMA), highlighting its potential as a highly sensitive molecular imaging biomarker for renal 
fibrosis assessment [81]. 
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In summary, CT radiomics and PET/CT provide complementary non-invasive strategies for renal 
fibrosis assessment in elderly patients. CT radiomics enables reproducible structural quantification suitable 
for large-scale and longitudinal studies, whereas FAP-targeted PET/CT offers highly specific molecular-
level evaluation of fibroblast activation. Further prospective, large-scale studies in elderly populations are 
required to validate their clinical utility and optimize risk–benefit balance. 

 

Figure 3. Representative [68Ga]Ga-FAPI-04 small animal PET/CT images [79]. As the modeling time increased, the renal tracer 
uptake gradually increased in the CKD group, while the control group had low uptake at all time points. 

3.3.3. fMRI 

In recent years, renal functional magnetic resonance imaging (fMRI) has developed rapidly and has 
been increasingly validated as a powerful non-invasive tool for the comprehensive assessment of renal 
morphology and function. Compared with ultrasound-based techniques that primarily reflect tissue stiffness 
and CT/PET approaches that emphasize structural or molecular features, fMRI uniquely enables 
multiparametric, radiation-free evaluation of renal oxygenation, perfusion, diffusion microstructure, and 
biomechanical properties within a single examination. Renal fibrosis profoundly alters water diffusion 
patterns, tissue oxygenation, microvascular perfusion, and mechanical stiffness. Accordingly, fMRI 
provides multidimensional insight into the pathophysiological processes underlying CKD progression and 
renal aging, making it particularly attractive for repeated assessment in elderly patients. At present, the 
main magnetic resonance imaging techniques include blood oxygenation level-dependent MRI (BOLD-
MRI), arterial spin labeling (ASL), diffusion-weighted imaging (DWI), intravoxel incoherent motion 
(IVIM), diffusion tensor imaging (DTI), diffusion kurtosis imaging (DKI) and magnetic resonance 
elastography (MRE). 

BOLD-MRI is based on the principle that deoxyhemoglobin has a paramagnetic effect. It indirectly 
reflects the oxygen partial pressure in tissues by measuring the level of tissue apparent relaxation rate (R2* 
= 1/t2*). BOLD-MRI has been proven to be effective in detecting the changes of renal oxygenation, and 
R2* is directly proportional to the level of tissue deoxyhemoglobin [82]. Li et al. found that the average 
renal medulla R2* of the healthy elderly was 38.22 ± 4.48 Hz, which was higher than that of the healthy 
young people, reflecting that renal oxygenation was slightly abnormal with age [83]. However, 
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interpretation of BOLD-MRI remains complex, as its signal is influenced by multiple confounders, 
including hydration status, hematocrit, sodium balance, microvascular density, and renal blood volume. 
These limitations highlight that BOLD-MRI is best interpreted in conjunction with complementary 
perfusion and diffusion parameters rather than as a standalone fibrosis biomarker [84,85]. 

ASL-MRI is a technique that can quantitatively evaluate renal blood perfusion without exogenous 
contrast agents. It measures renal blood flow (RBF) (mL/min/100 g) by labeling water molecules in arterial 
blood as endogenous tracers [86]. Compared with BOLD-MRI, which can absolutely quantify the renal 
blood perfusion parameters, the quantitative parameters obtained by BOLD imaging are the result of the 
complex interaction between RBF, renal blood volume and oxygen consumption [87]. Comparing the 
transplant recipients with healthy controls, the peritubular capillary density of the transplanted kidney 
decreased significantly, and the cortical RBF measured by ASL-MRI decreased with the increase of fibrosis, 
which was negatively correlated with Banff fibrosis score [88,89]. Mao et al. found that ASL derived RBF 
has high accuracy in differentiating different degrees of interstitial fibrosis (ROC AUC can reach more than 
0.90), which indicates that ASL derived RBF has high accuracy in evaluating the degree of interstitial 
fibrosis [90]. However, due to low signal-to-noise ratio and resolution limitations, larger longitudinal 
studies are needed to assess its potential in CKD and fibrosis stratification. 

DWI-MRI can be used to quantify the Brownian motion of water molecules in tissues and provide 
information about the microstructure of tissues. The apparent diffusion coefficient (ADC) can be obtained 
by single exponential fitting. Due to the deposition of extracellular matrix and the increase in cell density, 
renal fibrosis will restrict the free diffusion of water molecules, resulting in a decrease of ADC [70,91]. 
Some studies have pointed out that in animal models of diabetic nephropathy and patients with renal artery 
stenosis, renal ADC value is negatively correlated with the degree of interstitial fibrosis [92–94]. Suo et al. 
found that the ADC value of healthy people’s kidneys is affected by age and gender. With increasing age, 
the ADC decreased. The average ADC value of the whole kidney of the elderly is 2.15 × 10−3 mm2/s. In a 
pathological state, the lower the ADC value, the greater the restricted diffusion of water molecules in tissues. 
According to the normal ADC value range of the elderly, it can be judged that the decrease of ADC is 
caused by age or acute and chronic renal lesions [95]. Hueper et al. studied the ability of ADC to distinguish 
acute and chronic kidney lesions after AKI in the mouse model of ischemic AKI. The ADC value of the 
renal cortex decreased significantly at each time point after AKI, and at 4 weeks after AKI, the ADC value 
of the kidney changed with the severity of AKI and the degree of renal interstitial fibrosis [96]. 

DTI is the development and deepening of DWI, which quantifies the fractional anisotropy (FA) of 
water molecules by different diffusion velocities in all directions of three-dimensional space. FA decreased 
in renal tubular injury and renal microstructure changes, which were closely related to renal function. 
Interstitial fibrosis, glomerulosclerosis, and inflammatory infiltration all of which affect FA values. A study 
based on transplanted kidneys showed that FA and ADC were positively correlated with eGFR and 
negatively correlated with the degree of fibrosis [97]. In addition, the AUC of DTI is greater than that of 
ASL in accurately identifying allograft fibrosis [98]. In patients with CKD, cortical FA and ADC may help 
to distinguish DN patients from healthy individuals and assess the severity of fibrosis [99]. Therefore, DTI 
is a promising non-invasive method for evaluating renal insufficiency and fibrosis. 

IVIM uses a double exponential model to separate the diffusion of water molecules and capillary 
perfusion to obtain pure water diffusion ADC (D), pseudo perfusion ADC (D*), and perfusion fraction (ƒ). 
D value is a parameter reflecting the movement of water molecules within and between cells. D* can 
evaluate the microcirculation or perfusion in blood vessels [100,101]. At the same time, f value represents 
total tissue perfusion, including all blood flow to capillaries [102]. Compared with conventional DWI, 
IVIM can evaluate tissue capillary perfusion alone. Animal renal fibrosis model experiment showed that 
there was a correlation between the decrease of IVIM parameters and renal fibrosis [100,103–105]. Some 
IVIM studies on CKD showed that D value and D* value were negatively correlated with the stage of CKD, 
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while D value and ƒ value were positively correlated with eGFR. In addition, studies have shown that the 
ƒ value is significantly negatively correlated with the total renal pathological score (including interstitial 
fibrosis and tubular atrophy) [106–108]. Therefore, animal experiments and clinical studies have shown the 
great potential and advantages of IVIM in the evaluation of renal fibrosis. Mao et al. compared IVIM 
parameters (D, D*, ƒ) between CKD patients and healthy volunteers, and found that all IVIM parameters 
of CKD patients were significantly lower than those of the control group [109]. Figure 4 shows reduced 
field-of-view (FOV) IVIM DWI and pathological comparison of typical mild fibrosis and severe fibrosis 
cases in kidney transplant recipients (The figure was firstly publicated in European Radiology in 2021 by 
Yu et al.) [89]. 

 

Figure 4. Comparison of reduced FOV IVIM DWI and pathological findings [89]. Panels (a–f) are from a 34-year-old man with 
mild fibrosis, while panels (g–l) are from a 41-year-old man with severe fibrosis. (a,g) b0 images; (b,h) ADCT maps; (c,i) D 
maps; (d,j) D* maps; (e,k) ƒmaps; (f,l) Masson trichrome stain (original magnification, ×100). In renal allografts with mild 
fibrosis, the pseudocolour maps are red, indicating higher cortical total ADC (ADCT) and perfusion fraction values. The Masson 
trichrome stain (original magnification, ×100) demonstrated more severe fibrosis in the patient in the right column images than 
in the left column images. ADC = apparent diffusion coefficient. 
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DKI is an extension of DTI, which is used to quantify the non Gaussian distribution of water molecule 
diffusion in tissues. It has two parameters: apparent diffusion kurtosis K, which reflects the peak 
distribution of tissue diffusion rate, and diffusion coefficient D under non Gaussian distribution similar to 
ADC [110]. The higher the K value and the lower the D value, the greater the influence on the movement 
of water molecules, which may reflect the greater damage to the renal parenchyma. Early animal models 
of renal fibrosis and studies on healthy volunteers have confirmed that DKI is feasible in human kidneys 
[110,111] and can be used to evaluate renal fibrosis in animal models [112]. DKI has been used to evaluate 
renal fibrosis in CKD patients. The average D value of renal parenchyma is negatively correlated with 
histopathological fibrosis score (interstitial fibrosis and tubular atrophy), while the average K value of renal 
parenchyma is positively correlated with histopathological fibrosis score [113,114]. Liu et al. also 
conducted a prospective study, and the renal ADC value obtained from DKI showed significant predictive 
value for the prognosis of CKD patients, which may be a promising non-invasive follow-up technology for 
CKD patients [115]. In addition, Mao et al. reported that DKI can be used to evaluate the change of renal 
function and the degree of renal pathological injury in patients with CKD, and the diagnostic effect of K is 
better than ADC in distinguishing mild renal injury from moderate and severe renal injury [116]. 

Similar to SWE, MRE-DWI is a fMRI technology that can quantify tissue mechanical characteristics 
(tissue hardness and viscosity) in vivo. Zhang et al. found that the renal MRE hardness value of CKD 
patients was negatively correlated with the volume of extracellular matrix. The excessive accumulation of 
extracellular matrix (mainly composed of collagen) was the main factor of tissue fibrosis, and MRE could 
reflect the degree of renal interstitial fibrosis [117]. However, renal stiffness is influenced not only by 
fibrosis but also by renal perfusion and intrarenal pressure, and common comorbidities in elderly patients, 
such as hypertension and atherosclerosis, further complicate its assessment. Future studies may combine 
MRE with perfusion techniques, such as ASL, to correct for stiffness and establish age-stratified reference 
standards to improve diagnostic accuracy in elderly populations. 

Overall, multiparametric fMRI enables integrated, radiation-free assessment of renal oxygenation, 
perfusion, microstructural diffusion, and biomechanical properties, providing pathophysiological 
information that is difficult to capture with other imaging modalities. These characteristics make fMRI 
particularly suitable for longitudinal evaluation of renal fibrosis in elderly patients and serve as an important 
complement to ultrasound- and CT/PET-based imaging approaches. 

3.3.4. Nanotechnology 

Nanotechnology is a non-invasive imaging technique for evaluating renal fibrosis in vivo by using nano 
materials or system design and targeting biomarkers of renal fibrosis. Zhu et al. developed a non-invasive 
imaging evaluation method for renal fibrosis in vivo. By targeting type I collagen, the main component of 
pathological renal fibrosis, they prepared a nano delivery system of anti type I collagen antibody combined 
with polyethylene glycol coated gold nanoparticles as imaging agent, which can be selectively located in 
type I collagen to monitor the degree of renal fibrosis, visualize renal fibrosis in vitro and in situ, and can 
be used for nondestructive quantification of renal fibrosis [118]. Yan et al. synthesized a nanoscale 
fluorophore AIE-4PEG550 with aggregation induced emission characteristics, which has good light 
stability, biocompatibility and renal excretion efficiency. It can visualize the progress of fibrosis in the 
longitudinal direction through dual-mode imaging (short wave infrared fluorescence imaging and 
photoacoustic imaging) [119]. The silica nanoparticles fluorescence imaging tool developed by Shirai et al. 
It can specifically bind to macrophage surface differentiation cluster 11b, deposit in areas of renal 
inflammation and fibrosis, and assist in the diagnosis of renal fibrosis [120]. Studies have found that matrix 
metalloproteinases (MMPs) are involved in the pathological process of renal fibrosis, and their content can 
reflect the integrity of connective tissue, providing potential opportunities for the detection and intervention 
of renal fibrosis [121]. Yu et al. developed a nano platform based on dopamine nanospheres and fluorescent 
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labeled aptamers to evaluate the progress of renal fibrosis by detecting the ratio of MMP9 and MMP2 in 
urine, which has the advantages of simplicity, strong specificity and high sensitivity [122]. These new 
biomarkers, combined with imaging methods, are expected to improve the accuracy of diagnosis and 
staging of renal fibrosis, but it still needs a large number of clinical data and long-term research validation. 

Nanotechnology has shown a good application prospect in the diagnosis of renal fibrosis in the elderly. 
These techniques have high sensitivity and specificity, and can achieve early, minimally invasive and even 
non-invasive diagnosis. Nanotechnology provides a potential alternative for elderly patients who are in 
poor physical condition and not suitable for invasive examination. However, the safety, biocompatibility 
and metabolic pathways of nanomaterials still need to be further studied, especially in the elderly with 
general decline in physiological function. 

Overall, the diagnosis of renal fibrosis requires a combination of invasive and non-invasive methods. 
Although renal biopsy remains the reference standard, its invasiveness and limited applicability in elderly 
patients highlight the need for alternative approaches. Serum and urinary biomarkers provide accessible 
indicators of extracellular matrix turnover and inflammation. Non-invasive imaging techniques—including 
ultrasound elastography, FAPI-PET/CT, and multiparametric functional MRI—offer quantitative and 
repeatable assessments of tissue stiffness, fibroblast activation, perfusion, and microstructure, greatly 
enhancing the effectiveness of fibrosis evaluation. In addition, emerging nanotechnology-based strategies 
enable targeted molecular detection and signal amplification, further improving sensitivity for early fibrosis 
identification. Together, these complementary tools form a more comprehensive and safer diagnostic 
framework, particularly valuable for elderly patients in whom repeated biopsy is often impractical. In this 
review, we summarize the advantages and disadvantages of different diagnostic methods for renal fibrosis 
in elderly patients, as shown in Table 2. 

Table 2. Advantages and disadvantages of different diagnostic methods for renal fibrosis in elderly patients. 

Method Advantages Disadvantages 
Renal biopsy 
(invasive) 

Gold standard for histological diagnosis 
High risk of bleeding, infection; often contraindicated due to 
comorbidities (cardiovascular disease, coagulation disorders) 

MRI 
Non-invasive, provides quantitative 
assessment of fibrosis and renal 
perfusion 

Expensive, not suitable for patients with pacemakers or severe 
frailty 

Ultrasound 
elastography 

Safe, radiation-free, widely available; 
good for follow-up evaluation 

Operator-dependent, limited accuracy in obese or 
uncooperative elderly patients 

Blood/urine 
biomarkers 

Simple, repeatable, and well tolerated 
May lack specificity; influenced by systemic inflammation or 
comorbidities 

Nanotechnology-based 
imaging 

Promising for early detection with high 
sensitivity 

Still experimental; long-term biosafety in elderly remains 
uncertain 

4. Conclusions 

With the intensification of global aging, the risk of CKD in the elderly population continues to increase. 
As the core pathological mechanism of CKD progression to end-stage renal disease, accurate assessment 
of renal fibrosis is crucial for clinical diagnosis and treatment. This article systematically reviews the 
characteristics of elderly kidney aging and the diagnostic system for kidney fibrosis, providing a reference 
for clinical practice. 

The aging of elderly kidneys is characterized by multidimensional structural and functional remodeling. 
Structurally, it manifests as glomerulosclerosis, tubular atrophy, interstitial fibrosis, and renal vascular 
degeneration; Functionally, it manifests as a physiological decrease in eGFR, accompanied by decreased 
renal tubular function, endocrine disorders, and other related conditions. In the diagnosis of renal fibrosis, 
its application is limited in elderly patients due to limitations such as invasiveness, sampling errors, and 
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poor reproducibility. Non invasive diagnostic technology has become the mainstream development 
direction: in laboratory testing, new fibrosis markers are convenient and reproducible, but the specificity of 
a single marker is insufficient and susceptible to systemic inflammation interference; among imaging 
techniques, ultrasound elastography is safe, convenient, and suitable for follow-up. PET/CT (FAPI targeted 
imaging) has high specificity, and fMRI can evaluate pathophysiological changes from multiple dimensions, 
such as oxygenation, perfusion, and microstructure. Each technique has its own advantages and limitations; 
Nanotechnology enables early, precise imaging by targeting biomarkers such as type I collagen and MMPs, 
providing a new option for elderly patients intolerant of invasive examinations. However, the 
biocompatibility of nanomaterials still needs to be verified. 

In the future, the diagnosis of renal fibrosis will focus on optimizing and upgrading existing 
technologies, as well as multidimensional integration. In the field of biomarkers, further multi center large 
sample research is needed to verify the clinical value of novel biomarkers, explore the combination 
detection mode of multiple related biomarkers, reduce the interference of systemic inflammation, 
comorbidities and other factors, and improve diagnostic specificity; Establish a reference threshold for age 
stratified biomarkers to optimize diagnostic accuracy based on the physiological characteristics of the 
elderly population. In terms of imaging technology, it is necessary to promote standardized operating 
procedures for ultrasound elastography to reduce operator dependence on factors such as body shape and 
renal blood flow; Deepen the joint application of multiple parameters in fMRI, optimize parameter 
combinations through artificial intelligence algorithms, and improve the detection rate and staging accuracy 
of early fibrosis; Expand the clinical validation of FAPI targeted PET/CT in elderly patients and clarify its 
safety and efficacy in patients with concomitant renal dysfunction. In the field of nanotechnology, the focus 
is on breaking through the biocompatibility and metabolic safety issues of nanomaterials, accelerating the 
clinical translation of targeted imaging tools, and developing portable detection devices and rapid test kits 
to enhance the screening capabilities of primary healthcare institutions. In addition, it is necessary to 
strengthen the connection between basic research and clinical applications, explore more specific biological 
targets, promote the coordinated development of non-invasive diagnostic technologies and targeted 
therapies, and ultimately provide accurate and convenient disease-monitoring plans for elderly CKD 
patients, delay fibrosis progression, and improve long-term prognosis. 
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