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Abstract 

 

End-stage kidney disease (ESKD) is a debilitating and 

costly condition, currently affecting more than 4,5 mi-

llion people around the globe, with an ascending trend. 

The currently used treatments for ESKD include single-

pass hemodialysis, single-pass peritoneal dialysis, and 

allograft transplantation. A series of alternative thera-

pies is currently under development, either in preclini-

cal or clinical trials, aiming to increase the performan-

ce and affordability of the current treatments or to pro-

pose completely new approaches. This article summa-

rizes the latest developments of those alternative thera-

pies, with a focus on the bio-artificial implantable kidney. 

 

Key words: End-stage kidney disease, dialysis, kidney 

transplantation, alternative therapies, bio-artificial 

implantable kidney  

____________________________________________ 

 

Introduction  

 

Chronic kidney disease (CKD) has been recently 

acknowledged as one of the most worrisome threats to 

global public health due to the increasing number of 

cases and the associated morbidity and mortality, 

which are predictably going to steadily increase in the 

coming years [1-3]. Although tremendous progress has 

been made toward decreasing the rate of progression 

to end-stage kidney disease (ESKD) with novel medi-

cations aimed at improving kidney survival [4], there 

are still alarming numbers of people reaching the end 

of kidney life. This situation requires renal replace-

ment therapies, which currently include single pass he-

modialysis, single pass peritoneal dialysis, and allo-

graft transplantation, available globally to no more 

than a third of the population in need [2,5,6]. This is 

due to the significant economic burden associated with 

kidney replacement therapies, especially with dialysis, 

which is, in fact, the second-best option. Kidney trans-

plantation, which associates much better prognosis and 
health-related quality of life and hence represents the 

first option, is facing serious issues related to the shor-

tage of available donor organs and the low eligibility 

of the ESKD population for receiving a renal graft (no 

more than 30% of the patients are on the waiting lists) 

[KDIGO guidelines 2020] [6]. 

In an effort to increase the availability of therapy and 

improve the lifespan and quality of life for ESKD pa-

tients, new options are the subject of research and have 

reached preclinical or clinical stages [5,7,8]. 

Those are: 1) wearable and portable dialysis machines, 

2) alternative biological kidneys [xenotransplantation 

and lab-cultivated human kidney tissue] and 3) a hybrid 

of the two aforementioned methods, the bio-artificial 

implantable kidney. 

  

Dialysis improvement and portability 

  

Hemodialysis machines now use at least 120-150 liters 

of water per dialysis session and also require electri-

city, making this therapy dependent on water access 

and purification stations. Peritoneal dialysis uses less 

water but implies additional patient involvement and 

required resources and has durability issues. Novel 

dialysis machines will use sorbent-based techniques 

[9] for dialysate regeneration and advanced polymeric 

and inorganic membranes for toxin removal [10] in or-

der to drastically reduce the amount of water required, 

avoid stationary infrastructure, as well as to improve 

performance [5,11,12]. This would allow treatments to 

be performed at home or even provide portability for 

the dialysis machines. They are currently under cli-

nical trials [3,5]. 

 

Alternative biological kidneys:  

 
Xenotransplantation: Attempts to use xenotransplan-

tation as treatment for ESKD in humans started deca-

des ago, with primate organs but failed mainly due to 

immunological rejection [7]. 

Clinical trials have been in place since 2024 for xeno-

transplantation with genetically edited pig kidneys. 

CRISPR-cas9 technology has been used to remove immu-

nogenic xeno-antigens from the cells of embryonic pigs 
and to introduce human complement and coagulation 

regulators [5,13,14]. 
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In 2025, two entities (United Therapeutics and eGene-

sis) were credited by the FDA in the USA with con-

ducting clinical trials in xenotransplantation, with pro-

mising results. A news article published in the journal 

Nature on September 8th, 2025 [15], reports six-month 

survival in a human recipient after porcine kidney xe-

notransplantation, marking an important milestone in 

this field. 

However, the actual clinical availability of the organs 

poses a few serious concerns in terms of durability, 

ethics, and the risk of xenosis [13,14,16]. 

Other obstacles that need to be overcome are the phy-

siological differences between human and pig kidneys, 

leading to the persistence of erythropoietin deficiency, 

the inability of pig renin to activate the human RAAS, 

and the urinary loss of uric acid [14-16]. Those con-

cerns will probably delay the implementation of the 

treatment by several years [13,14]. 

 

Regenerative medicine seeks to restore or replace 

compromised renal function through the in vitro ge-

neration of renal tissue, from human induced pluri-

potent stem cells (iPSC) as the optimal cellular origin 

[3,5,7,11]. 

The principle comes into practice by applying stem 

cell technologies, tissue engineering, 3D bio-printing, 

and bioengineering approaches to construct human 

kidney tissue in the lab [7,17,18]. 

Human iPSC can be stimulated to develop in the direc-

tion of nephrogenic (NPC) and ureterogenic progenitor 

cells (UPC), from which further specialization leads to 

the over 20 types of kidney cells that compose the 

nephron and, respectively, the urinary tract [19]. 

 

One of the most important achievements is the 

development of kidney organoids, that are three-di-

mensional [3D] multicellular structures generated in 

vitro from human induced pluripotent stem cells [iPSCs] 

that self-organize to recapitulate nephrogenesis in the 

human kidney, including nephron-like units, to the sta-

ge of embryonic kidney [in mice] [7,8,18]. 

Microfluidic organ-on-chip platforms have enabled dy-

namic perfusion and co-culture of the tubular epithelial 

cells with human endothelial cells, resulting in enhan-

ced vascular network formation within organoids [7,19]. 

In October 2025, a team of researchers [8] announced 

obtaining kidney progenitor assemblies (KPA), a more 

advanced structure in which the nephrons undergo 

extensive development and fuse to a centrally located 

collecting system, recapitulating nephrogenesis up to 

the stage of a newborn mouse kidney [8]. 

At this point, however, the lab generated kidney tissue 

is unable to function independently within a host, lacking 

the structural and functional complexity required [7]. 

Producing an organ as complex as the kidney requires 

specific environment and triggers present in the deve-

loping embryo, as well as structures derived from mul-

tiple stem cell origins [7,20]. Injecting human iPSC 

derived cells into developing organs of different ani-

mal species in the stage of blastocyst [blastocyst com-

plementation] [21], leads to interspecies chimeric or-

ganogenesis and is envisioned as a promising approach 

to address these challenges in organ production [7,19]. 

Other promising strategies involve recellularization of 

decellularized kidney scaffolds [17,22], and cell attach-

ment and differentiation that is improved by chemoki-

nes and AKI-CKD cytokine cocktails administered 

through the ureter and renal artery [21]. 

Despite all these advances, it appears that developing 

fully transplantable, functional kidneys remains a for-

midable and somewhat distant challenge [23]. Critical 

barriers include precise control over cellular differen-

tiation, tissue organization, and vascularization, as well 

as translational concerns related to safety, efficacy, 

ethics and regulatory oversight [19]. 

  

The bio-artificial implantable kidney: 

 

The first device using human kidney proximal tubule 

epithelial cells (PTECs) in an artificial construct was 

the Renal Assist Device (RAD) [12,24], used in phase 

I and II clinical studies. For the treatment of a limited 

number of acute kidney injury patients in an intensive 

care unit, in the early 2000s [20,24–26], a bioreactor 

was coupled in series with a conventional hemofilter. 

The renal cells (PTECs) were layered on the inner 

surface of the hollow fibers of the bioreactor, in series 

with a hemofilter and used for continuous renal repla-

cement therapy [24]. Although the experiment was a 

success, decreasing the mortality of critical patients by 

more than 30%, the logistical difficulties of manu-

facturing and maintaining viable cell-based devices, as 

well as reported thrombocytopenia constituted a re-

doubtable problem that prevented wider exploring and 

use of the method [27,28].  

The bioartificial implantable kidney (iBAK) is an in-

vestigational product under development in both the 

USA and Europe since 2018. The concept envisions 

biomimetic membranes that would replicate the glo-

merular filtration and the presence of live renal epi-

thelial cells to provide tubular functions [29]. As in the 

real-life kidney, the blood is first filtrated through a 

semipermeable membrane similar to the one in the 

glomeruli (the hemofilter component of the iBAK), 

then the ultrafiltrate will be processed by the PTECs in 

the bioreactor component. What results is directed to 

the urinary bladder to be evacuated [27,30]. The iBAK 

is implanted in the abdominal cavity, in the iliac fossa, 

connected to the iliac vessels, and it produces urine 

that is eliminated in the urinary bladder [27]. The 

purpose of the iBAK is to be used as a long-term 

substitute for a kidney, in patients with ESKD. 

The project requires the application of several advan-

ced technologies: nanotechnology, membrane techno-
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logy, stem cell technology, bioengineering, and infor-

mation technology.  

The hemofilter component is created from ultrathin flat 

sheets of silicone nanopore membranes (SNM) with 

slit-shaped pores [5-8 nm×2 μm] [10,27,31]. These 

membranes are assembled in parallel-plate configura-

tions within a hemofilter cartridge, dimensions 11,5/5,7 

cm [27], which is then connected to the vascular sys-

tem for direct blood flow and ultrafiltrate collection. The 

filtration takes place without the need for a pump other 

than the heart. The result is an ultrafiltrate that is then 

processed within the bioreactor [27].  

The bioreactor component contains a confluent mono-

layer of human proximal tubule epithelial cells (PTECs), 

supported by a synthetic, highly selective silicon na-

nopore membrane. The bioreactor is engineered for 

scalability and long-term viability [27,32]. 

The proof of concept for the bioreactor has been repor-

ted by Kim et al., in 2023, after successfully implan-

ting bioreactors in pigs and obtaining 90% cell viabi-

lity at 7 days without the use of anticoagulation or 

immunosuppression. 

The silicon nanopore membrane, which is found in the 

structure of both components, has unique characteris-

tics [5,10,27,31]. The precisely controlled pore size (5-

10 nm) and geometry (slit-shaped or straight channel), 

allow the membrane to mimic the glomerular filtration 

barrier and enable selective permeability for water and 

small solutes while retaining larger proteins, such as 

albumin [27]. The SNM allows for effective filtration 

with low driving pressures, such as blood pressure, 

suitable for implantable applications [10,27]. The struc-

ture of the SNM is ultrathin, <1 μm, which minimizes 

resistance to solute and water transport and supports a 

compact device design. The surface of the SNM is 

modified for hemocompatibility with a polyethylene 

glycol [PEG] fine layer, which is applied by liquid de-

position and doesn’t obstruct the pores in order to re-

duce protein fouling and thrombogenicity, potentially 

reducing or even eliminating the need for anticoagu-

lant therapy [10,27]. The membrane also expresses 

immunoisolation capacity due to the small size of the 

pores, providing immunoprotection for the encapsula-

ted renal cells placed on the other side of the SNM 

[27]. The mechanical robustness of the membrane is 

achievable despite its thin structure and is needed to 

withstand physiological blood flow rates and pressures 

encountered in implantable devices [33]. 

 

Basic functions of the ibak 

 

The iBAK performs in a similar manner to the native 

kidney in terms of the removal of uremic toxins and 

excess water through mechanical filtration, similar to 

glomerular function. It is designed to replicate the ac-

tive reabsorption and secretion of electrolytes and so-

lutes (e.g., sodium, glucose, bicarbonate) by the tubu-

lar cells located in the bioreactor. However, the num-

ber of inserted tubular cells is smaller than that in the 

normal kidney due to the spatial limitations of the 

device and the implantability requirements [10,27]. 

The tubular cells in the structure of the iBAK are ca-

pable to perform metabolic activities, such as the hyd-

roxylation of vitamin D to 1,25-dihydroxyvitamin D 

and ammonia production [20], but they do not have the 

ability to produce erythropoietin [27]. 

The iBAK has multiple advantages compared to con-

ventional renal replacement therapies, as it provides 

restoration of multiple kidney functions [20,27]. In 

addition, it confers continuity and autonomy in thera-

py, similar to a transplanted kidney. The clearance of 

protein-bound uremic toxins and middle molecules is 

augmented compared to dialysis [34]. The design of 

the iBAK reduces the need for immunosuppression 

and anticoagulation [27]. All things considered, the 

iBAK has the potential to offer a better quality of life 

and reduced healthcare costs. 

In a recent press release (from 4th November 2025), a 

representative of the Kidney Project in the USA dec-

lared that the initial objective of the project will be to 

restore kidney function to the level of stage 3 or 4 of 

CKD and, further, to improve to the final goal of a 

fully functional kidney. 

 

The realistic outlook for novel kidney replacement 

therapies development: 

 

Expert consensus suggests that while a "revolution" in 

kidney replacement therapies is likely before 2040 

[35], most advances in the next decade will focus on 

enhanced dialysis and increased dialysis device porta-

bility rather than fully functional bioartificial or rege-

nerated kidneys [5,36]. However, the breakthrough 

achievements in multiple domains of medical science 

in recent times allow for hope that radical change is 

possible for the well-being of ESKD patients.  
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Abstract  

 

Antiangiogenic therapies and immune checkpoint inhi-

bitors (ICIs) have improved cancer outcomes but may 

cause kidney adverse events. 

This mini-review summarizes the mechanisms, clinical 

manifestations, and management of nephrotoxicity asso-

ciated with anti-vascular endothelial growth factor 

(VEGF) agents, VEGFR-targeted multikinase inhibi-

tors, and ICIs. 

The mechanisms of kidney injury differed according to 

the therapeutic class. VEGF pathway inhibition disrupts 

glomerular barrier integrity, leading mainly to hyper-

tension, proteinuria, kidney dysfunction, and throm-

botic microangiopathy. Multikinase inhibitors may al-

so cause electrolyte abnormalities. ICIs most common-

ly induce acute interstitial nephritis, although glome-

rular diseases, including pauci-immune glomerulo-

nephritis, podocytopathies, and C3 glomerulonephritis, 

have also been reported. Combined anti-VEGF and 

ICI treatment may further increase the risk of pro-

teinuria. Management depends on the type and seve-

rity of kidney injury and may require treatment 

interruption, kidney biopsy, glucocorticoids, or other 

immunosuppressive therapies. 

Early recognition and multidisciplinary management 

may mitigate nephrotoxicity while preserving optimal 

oncological treatment. 

 

Keywords: angiogenesis inhibitors, anti-VEGF therapies, 

Immune checkpoint inhibitors, acute kidney injury 

___________________________________________ 

 

Introduction 

 

Significant progress in the field of cancer therapy has 

been made in the last several years by using angioge-

nesis inhibitors, anti-VEGF therapies, both as mono-

therapy and in combination with other anticancer the-

rapies such as Immune checkpoint inhibitors (ICIs). 

Although these agents have revolutionized the treat-

ment of cancer and are now the backbone of therapy 

for several malignancies, their use is associated with 

possible kidney consequences such as proteinuria and 

acute kidney injury (AKI). Given that patients with 

preexisting cardiovascular disease and kidney impair-

ment are often excluded from clinical trials of cancer 

therapies and that the patients who are enrolled in 

trials are usually in better overall health condition, the 

incidence of adverse events is likely to be underes-

timated in clinical practice.  

In this mini review, we discuss the relationship bet-

ween kidney function and specific antineoplastic agents, 

with a focus on their toxic effects. 

 

Molecularly targeted therapies 

 

Vascular Endothelial Growth Factor (VEGF) is the 

key driver of tumour-related angiogenesis and acts 

through interaction with VEGF receptors (VEGFRs) 

expressed on tumour endothelial cells. Importantly, 

VEGF is also expressed on glomerular podocytes, dis-

tal tubules, and collecting ducts. The VEGF pathway 

plays a role in the substantial cross talk that exists 

between podocytes and endothelial cells that enables 

appro/priate glomerular filtration and perfusion.  Podo-

cytes release VEGF, which can then bind VEGFR-2 

on the glomerular endothelial cells. VEGF is involved 

in the proliferation, differentiation, and survival of me-

sangial and endothelial cells, and has a pivotal role in 

maintaining the structure and function of the glome-

rular barrier. In its absence, podocytes and endothelial 

cells are unable to mature and proliferate, which pre-

vents the formation of capillaries and veins. The redu-

ced production of VEGF by podocytes induces the loss 

of glomerular and mesangial cells [1-3]. Notably, the 

pleiotropic effect of VEGF on kidneys accounts for all 

the different histological effects of anti-VEGF agents 

(endotheliosis, glomerulosclerosis, hyalinosis, different 

types of glomerulonephritis, and thrombotic microan-

giopathies [2]). 
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Common kidney side effects of anti-VEGF drugs 

include proteinuria, hypertension, kidney dysfunction, 

thrombotic microangiopathy, and in some cases, kid-

ney failure [2,3]. The development of proteinuria in-

duced by anti-VEGF agents is thought to be driven by 

a combination of glomerular endothelial cell damage, 

podocyte dysfunction, and hemodynamic alterations. 

More specifically, loss of the normal control of VEGF-

A expression, leads to structural and functional chan-

ges in glomerular cells. In addition, antagonism of 

VEGF dysregulates kidney–repair processes in the 

early stages of renal damage, thus increasing the risk 

of glomerulosclerosis. In addition, the inhibition of 

VEGF leads eventually to a loss of selective glome-

rular permeability. Proteinuria might also be caused by 

increased intraglomerular pressure secondary to arte-

rial hypertension [1]. The binding of VEGF to its 

receptors increases vascular permeability, induces cell 

division and differentiation, and blocks apoptosis and 

cellular ageing. Consequently, VEGF inhibition redu-

ces the ability of cell renewal, increases apoptosis in 

vascular endothelial cells, promotes rarefaction of ca-

pillaries and arterioles, and interferes with the cellular 

production of vasodilators, such as nitric oxide and 

prostacyclin, favoring vasoconstriction, increased peri-

pheral resistance and decreased renal excretion of so-

dium [1]. The main driver of VEGF inhibitor induced 

hypertension and kidney toxicities seems to be an 

upregulation in endothelin (ET)-1 via the stimulation 

of the ETA receptor. This in turn, contributes to the 

increases in reactive oxygen species (ROS) and a re-

duction in nitric oxide (NO). Paradoxically, treatment 

with an anti-VEGF agent leads to an increase in pros-

tacyclin (PGI2), which may be driven by an upregu-

lation in both cyclooxygenase (COX)-1 and COX-2. 

ET-1 may also contribute to the increase in PGI2. The 

upregulation in PGI2 and stimulation of its receptor, 

the prostanoid (IP) receptor, may act as a compensa-

tory effect to counteract the kidney effects of ET-

1/ETA receptor stimulation. However, very high levels 

of PGI2 may then cause deleterious effects via stimu-

lation of other prostanoid receptors such as the throm-

boxane (TP) or e-prostanoid (EP)2-4 receptors [3]. 

Furthermore, there are multikinase inhibitors that 

target VEGFRs and other receptors involved in tumour 

vascularization. Multiple mechanisms could be invol-

ved in the pathogenesis of hypertension associated 

with these agents, such as abnormalities of the nitric 

oxide pathway, endothelial dysfunction and capillary 

rarefaction. Endothelial dysfunction accounts also for 

the development of proteinuria [1]. Moreover, these 

inhibitors have been associated with an increased inci-

dence of electrolyte abnormalities, such as hypopho-

sphataemia, hypocalcaemia and hyponatraemia. 
 

 

 

Immune checkpoint inhibitors (ICIs) 

 

Immune checkpoint inhibitors (ICIs) are primarily hu-

manized or human IgG1 k or IgG4 k [4]. Kidney and 

liver dysfunction do not affect ICI clearance, they are 

not dialyzable and their half-life ranges from 7 to 27 

days [5]. ICIs disrupt the normal immune regulatory 

checkpoints, leading to an activation of T cells against 

tumor cells. This can target kidney tissue, leading to an 

enhanced immune response and causing kidney injury. 

In addition, the production of autoantibodies and the 

formation of immune complexes can further exacer-

bate renal damage. 

Immune checkpoint inhibitors (ICIs) are associated 

with a spectrum of renal immune-related adverse events 

(irAEs) including acute kidney injury (AKI), most 

commonly manifesting as acute interstitial nephritis 

(AIN), although glomerular disease and electrolyte 

disturbances have also been reported [6].  

The most common types of glomerular lesions that 

have also been described that were pauci-immune glo-

merulonephritis/renal vasculitis (27%), podocytopa-

thies, including minimal change disease and focal seg-

mental glomerular sclerosis (24%), and C3 glomeru-

lonephritis (11%) [7].  

Although ICI use in patients with advanced chronic kid-

ney disease (CKD) and end-stage kidney disease is no 

contraindicated, close monitoring is warranted, espe-

cially in patients with CKD, as the development of AKI 

may lead CKD progression and increased mortality [8]. 

 

Combination Therapy: anti-VEGF Agent and 

Immune Checkpoint Inhibitor 

 

In recent years, anti-VEGF agent and ICI combination 

therapies have emerged rapidly in the oncologic field. 

The rationale for this combination lies in the 

synergistic effects of the two treatment modalities. 

Together, these treatments make the immune system 

more effective at attacking cancer cells [3]. There was 

a statistically significant higher rate of grade ≥3 

proteinuria associated with the ICI-TKI combinations 

when compared to VEGF-TKI alone [9]. 

 

Management  

 

While discontinuation of the anti-VEGF Agent 

(Table 1) results in significant reduction in proteinuria, 

persistence is common. Lowering of intraglomerular 

pressure may reduce protein excretion. There are no 

randomized controlled trials evaluating the benefit of 

agents, such as renin-angiotensin aldosterone system 

blockade in patients with proteinuria due to antian-

giogenic agents [10]. Given the evidence that activa-

tion of the ET system is integral to the development of  
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hypertension and kidney damage during anti-VEGF 

therapy, it seems that targeting the downstream effects 

of activation of the ET pathway may be a viable the-

rapeutic option [3]. 

 
Table 1. Classification of anti-VEGF agents and immune checkpoint inhibitors  

Drug class Mechanism Agents 

Anti-VEGF agents VEGF pathway inhibitors Bevacizumab, Ramucirumab, Aflibercept 

Multi-kinase inhibitors 

(VEGFR-targeted TKIs) 

VEGFR tyrosine kinase 

inhibitors 

Sunitinib, Sorafenib, Pazopanib, Axitinib, 

Cabozantinib, Lenvatinib, Regorafenib, 

Vandetanib, Tivozanib, Fruquintinib, 

Ponatinib 

Immune checkpoint 

inhibitors (ICIs) 
Anti-PD-1 

Cemiplimab, Dostarlimab, Nivolumab, 

Pembrolizumab, Penpulimab, Retifanlimab, 

Tislelizumab, Toripalimab 

 Anti-PD-L1 
Atezolizumab, Avelumab, Cosibelimab, 

Durvalumab 

 Anti-CTLA-4 Ipilimumab, Tremelimumab 

 Anti-LAG-3 Relatlimab, nivolumab 

Abbreviations: CTLA-4, cytotoxic T-lymphocyte-associated protein 4; ICI, immune checkpoint 

inhibitor; LAG-3, lymphocyte-activation gene 3; PD-1, programmed cell death protein 1; PD-L1, 

programmed death-ligand 1; TKI, tyrosine kinase inhibitor; VEGF, vascular endothelial growth factor; 

VEGFR, vascular endothelial growth factor receptor. 

 

The treatment of ICI-AKI (Table 1) depends on the 

severity and histopathologic subtype of injury (AIN, 

glomerular pathology). All patients require immediate 

cessation of drugs that are known to cause AIN (e.g., 

nonsteroidal anti-inflammatory drugs, PPIs, or anti-

biotics). For patients with stage 2 AKI or higher seve-

rity and strong clinical suspicion of ICI-AKI, imme-

diate cessation of ICI therapy is advised, followed 

promptly by a plan for a kidney biopsy and the ini-

tiation of glucocorticoids. Alternate immunosuppre-

ssants such as infliximab [8] should be also used. In 

patients with ICI-glomerulonephritis it is suggested 

that nonsteroidal immunosuppressive therapy, such as 

rituximab, in combination with glucocorticoids [11] 

are to be used. Consequently, an appropriate prophy-

laxis for pneumocystis jirovecii pneumonia is advised 

for patients receiving immunosuppressive therapy. The 

pivotal decision to ICI rechallenge needs to be indi-

vidualized, considering various factors, such as seve-

rity of initial ICI-AKI, other extrarenal irAEs, and the 

availability of alternative treatment options [8]. 
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Abstract 

 

Introduction. Chronic kidney disease (CKD) repre-

sents a major and increasing social and economic 

problem, as it affects between 6 and 18% of the 

population worldwide and is associated with a high 

cardiovascular risk, morbidity and mortality. SGLT2-

inhibitors have central role in the complex treatment of 

patients with CKD of different etiology, as first-line 

nephroprotective agents both in patients with and 

without concomitant or underlying diabetes mellitus. 

The aim of our study was to evaluate the effects of two 

commercially available SGLT2-inhibitors (dapagliflo-

zine and empagliflozine) on renal parameters in pa-

tients with CKD and biopsy-proven glomerular di-

seases at the background of standard treatment in a 

real-life observational study.  

Methods. In 2024 we observed 54 CKD patients (33 

males, aged 19-85 years) treated with SGLT2-inhibi-

tors (dapagliflozine and empagliflozine registered for 

standard-of-care treatment of CKD in our country) for 

6 months, at the background of standard treatment for 

the underlying disease. All patients had CKD, with 

biopsy-proven renal disease: 20 had diabetic nephro-

pathy at the background of type 2 diabetes mellitus 

(DM2), 4 had systemic amyloidosis with renal invol-

vement (2 had АА and 1 had AL type), 20 had biopsy-

proven glomerulonephritis, and 10 had hypertensive 

nephropathy. Three of the patients with glomerulo-

nephritis had concomitant DM2. Overall, 38 received 

dapagliflozine and 16 were on empagliflozine. All pa-

tients were followed for 3 months and 32/54 were fo-

llowed until month 6. The patients were evaluated at 

the initiation of the treatment and at 3 and 6 months. 

All patients received standard-of-care treatment for the 

renal and accompanying diseases. Written informed 

consent was obtained from all patients prior to any 

medical procedures.  

Results. During the follow-up we observed stabiliza-

tion of renal function with no significant changes in 

serum creatinine and eGFR, a decrease in serum uric 

acid levels and proteinuria, with no significant side 

effects. These effects showed no differences between 

male and female patients and across the different di-

sease entities.   

Conclusion. The results of our study are confirmatory 

in nture and support the use of SGLT2-inhibitors as 

nephroprotective agents and across various CKD entities.  

 

Keywords: chronic kidney disease, SGLT2-inhibitors, 

nephroprotection, diabetes, glomerulonephritis, hypertensive 

nephropathy, uric acid, proteinuria 

___________________________________________ 

 

Introduction 

 

Chronic kidney disease (CKD) is defined as presence 

of kidney damage (based on laboratory, imaging or 

histopathological data) or an estimated glomerular 

filtration rate (eGFR) <60 mL/min/1.73 m² or markers 

of kidney damage (albuminuria, pathological urinary 

sediment, abnormal imaging results, tubular disorders, 

or a history of kidney transplantation), persisting for at 

least 3 months, irrespective of the cause [1]. CKD 

represents a major and increasing social and economic 

problem, as it affects between 6 and 18% of the 

population worldwide and is associated with high 

cardiovascular risk, morbidity and mortality [2]. 

SGLT2-inhibitors have central role in the complex 

treatment of patients with CKD of different etiology, 

as first-line nephroprotective agents both in patients 

with and without concomitant or underlying diabetes 

mellitus [3,4]. The aim of our study was to evaluate 

the effects of SGLT2-inhibitors on renal parameters in 

patients with CKD and biopsy-proven glomerular di-

seases at the background of standard treatment in a real-

life observational study, first one at our institution.  

 

Materials and methods  

 

In 2024 we observed 54 CKD patients treated with two 

available SGLT2-inhibitors (dapagliflozine and empa-
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gliflozine registered for standard-of-care treatment of 

CKD in our country), at the background of standard 

treatment for the underlying disease, for a period of 6 

months. Our group consisted of 54 patients (33 males, 

aged 19-85 years). All patients had CKD [1,2], with 

biopsy-proven renal disease: 20 had diabetic nephro-

pathy at the background of type 2 diabetes mellitus 

(DM2), 4 had systemic  amyloidosis with renal invol-

vement (2 had АА and 1 had AL type), 20 had biopsy-

proven glomerulonephritis (GN) [6-IgA GN, 5-focal 

and segmental glomerulosclerosis (FSGS), 5-systemic 

lupus erythematosus (SLE) with lupus nephritis (LN), 

2-mesangioproliferative GN, 1-primary membranous 

GN (MGN), 1-polyangiitis with granulomatosis, and 

10 had hypertensive nephropathy]. Three of the pa-

tients with glomerulonephritis had concomitant DM2. 

Overall, 38 received dapagliflozine and 16 were on 

empagliflozine. All patients were followed for 3 months 

and 32/54 were followed until month 6. The patients 

were evaluated at the initiation of the treatment and at 

3 and 6 months. All patients received ACE-inhibitor or 

AT2-blocker, all patients with GN received pathoge-

netic treatment, according to the standard treatment pro-

tocols, amyloidosis patients received also colchicine 

treatment. None of the diabetic patients was on insulin 

treatment, and they received standard-of-care treat-

ment for DM2, in accordance with the accepted Good 

Clinical Practice guidelines in Bulgaria [5]. Following 

parameters were evaluated, using standard methods: 

hemogram (complete blood count), biochemical inves-

tigations of the blood (creatinine, urea, uric acid, 

lipidogram, fasting blood glucose, potassium, sodium, 

chlorides, calcium, phosphates, liver enzymes (ASAT, 

ALAT, GGT, Alkaline phosphatase), total protein and 

serum albumin levels), urine investigations (proteinu-

ria, urinalysis, if needed-microbiological investigation 

of the urine), estimated glomerular filtration rate (eGFR, 

according to the MDRD formula [6]). The statistical 

analysis was performed using a standard SPSS 27 pack 

for Windows. Written informed consent was obtained 

from all patients prior to any medical procedures.  

 

Results  

 

There was stabilization of serum creatinine and eGFR 

(Figure 1), decrease in proteinuria (Figure 2), and 

reduction in uric acid levels (Figure 3) in the majority 

of patients (Table 1). A sole statistically significant diffe- 

 

 
Figure 1. Changes in the mean serum creatinine (µmol/L) and eGFR 

(ml/min/1.73 m2, calculated according using the MDRD formula) 

during the 6 months treatment. p=NS for all comparisons 

 

 
Fig. 2. Changes in the mean levels of proteinuria (g/L) during 

the 6 months treatment. p=NS for all comparisons 

 

 
Fig. 3. Changes in the mean serum uric acid levels (µmol/L) 

during the 6 months of treatment. For comparisons at month 0 

vs month 3 and 6 - p<0.05; for comparison at month 3 vs month 

6 p=NS (>0.05) 

Table 1. Changes in mean levels of serum creatinine (mcmol/l), GFR (ml/min/1.73 m2, calculated using the 

MDRD formula), uric acid (µmol/L) and proteinuria (g/L) during the 6-months treatment (p<0.05 for 

changes in uric acid levels – month 0 vs month 3 and 6; p=NS for the rest). 

Months 
Serum creatinine 

(µmol/L) 

eGFR 

(ml/min/1.73 m2) 

Serum uric acid 

(µmol/L) 
Proteinuria (g/L) 

0 (54 patients) 144.6 +/- 56.7 45.2 +/- 20 381.9 +/- 121.3 0.68 +/- 1.5 

3 (54 patients) 145.5 +/- 58.8 44.7 +/- 20.4 337.1 +/- 82 0.53 +/- 1.2 

6 (32 patients) 148 +/- 59.6 44.2 +/- 20.4 317.5 +/- 79.2 0.45 +/- 1.1 
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rence was observed between the levels of the uric acid 

at months 0 and 3, and months 0 and 6 (figure 3), 

without a statistically significant difference between 

months 3 and 6 (figure 3). There were no changes in 

hemogram, serum electrolytes, calcium and phosphate 

levels, total protein and serum albumin levels, blood 

glucose and liver enzymes levels during the follow-up.  

Only 3 patients developed lower-urinary-tract infec-

tions that did not lead to discontinuation of the treat-

ment. We observed no cases of hypoglycemia, ketoaci-

dosis or significant worsening of renal function. There 

was no treatment discontinuation in any of the patients. 

We found no difference in the effect of both SGLT2-

inhibitors in men and women and across different 

disease entities. 

 

Discussion  

 

SGLT2-inhibitors are one of the widely accepted nephro-

protective strategies both in patients with diabetic and 

non-diabetic CKD [3]. They have beneficial effect on 

renal function, proteinuria and uric acid levels mediated 

via their hypoglycemic, hemodynamic and pleiotropic 

effects, including effects on glomerular structures and 

endothelial cells [3,4].  

The results of our observational study confirm the 

beneficial effects of two SGLT2-inhibitors in patients 

with CKD of different etiology (both diabetic and non-

diabetic) with statistically significant decrease of uric 

acid levels. The reduction in proteinuria did not reach 

significant level and the creatinine and GFR were sta-

bilized. There were no side effects detected.  

Our study included a small number of CKD patients 

that were followed up for only 6 months. Therefore, 

two major limitations in our study were the small co-

hort and short observational period. Nevertheless, our 

results revealed a stabilization of renal function, i.e. a 

decrease in the rate of renal function loss, with a dec-

rease of both hyperuricemia and urine protein loss. Fur-

ther studies in larger cohorts and longer observation 

periods are needed for the validation of these results.  

Conclusion 

 

In conclusion, the results of our small study in patients 

with CKD with different etiology and biopsy-proven 

glomerular involvement, revealed the beneficial effects 

of the two commercially available SGLT2-inhibitors 

used for nephroprotection-stabilization of renal func-

tional parameters and decrease in serum uric acid le-

vels and proteinuria, two well-known risk factors for 

progression of both CKD and cardio-vascular compli-

cations. The absence of significant side effects of treat-

ment and our results are in favor of the use of these 

medications in patients with CKD of different origin.  

This was an investigator-driven study and has no co-

mmercial support. The authors have no conflicts of in-

terest, associated with this study. The results of the cu-

rrent study were presented as electronic poster at the 

CaReMeLO 2025 Conference, Warsaw, Poland, 30-31 

May, 2025.  
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Abstract 

 

Introduction. COVID-19 is a multisystem disease with 

frequent renal involvement. Acute SARS-CoV-2 infec-

tion can precipitate acute kidney injury (AKI) and 

accelerate chronic kidney disease (CKD), while pre-

existing CKD worsens COVID-19 outcomes. We eva-

luated post-COVID CKD trajectory and key risk fac-

tors for CKD progression and adverse outcomes in 

survivors. 

Methods. We performed a retrospective observational 

study of 1,000 adults hospitalized with COVID-19 at 

Timofei Moșneaga Republican Clinical Hospital (2020-

2022). Clinical data and inflammatory, renal and hepa-

tic parameters were collected during acute illness. CKD 

stage was defined by estimated glomerular filtration 

rate (eGFR) according to KDIGO. "CKD progression" 

was defined as transition to a more advanced CKD 

stage or new-onset CKD stage ≥3 during follow-up. 

Patients with versus without CKD progression was 

compared, and multivariate models identified indepen-

dent predictors of CKD progression and mortality. 

Results. CKD progression occurred in 30% of patients 

during a median 12-month follow-up. Progressors were 

older (median 71 vs 62 years, p<0.001) and more fre-

quently had hypertension (74% vs 62%, p=0.005), ty-

pe 2 diabetes (27% vs 21%, p=0.017) and cardiovas-

cular disease (31% vs 23%, p=0.04). Comorbidity 

burden was higher (Charlson index 5 vs 3, p<0.0001). 

Baseline CKD conferred >2.5-fold higher risks of mor-

tality and further renal decline than absence of CKD. 

Conclusions. COVID-19 was associated with accele-

rated CKD progression in survivors, especially in ol-

der, comorbid patients. Advanced age, hypertension, 

cardiovascular disease, type 2 diabetes and Charlson 

index >4 independently predicted poor renal and survi-

val outcomes, supporting close nephrological follow-

up and nephroprotective strategies in high-risk post-

COVID patients. 
 

Keywords: COVID-19; chronic kidney disease; acute  

kidney injury; CKD progression; risk factors; outcomes 
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Introduction 

 

COVID-19, initially viewed as a respiratory illness, is 

now recognized as a multisystem disease with long-

term organ sequelae [1]. Renal involvement is signifi-

cant: acute COVID-19 frequently causes acute kidney 

injury (AKI), reported in ~30-50% of hospitalized pa-

tients [1,2], and AKI markedly increases the risk of 

chronic kidney disease (CKD) development or prog-

ression [2,3]. Patients with pre-existing CKD are parti-

cularly vulnerable, with COVID-19 mortality more 

than double that of individuals without kidney disease 

[3]. Thus, the relationship between COVID-19 and CKD 

is bidirectional-acute infection may cause persistent re-

nal damage, while underlying CKD worsens COVID-

19 outcomes. 

Evidence also shows increased long-term renal impair-

ment among COVID-19 survivors, even in the absence 

of AKI [4,5]. Large cohort studies indicate higher rates 

of incident CKD and accelerated eGFR decline after 

COVID-19 compared with other pneumonias [6], es-

pecially in older patients and those with hypertension 

or diabetes [6,7]. These comorbidities further exacer-

bate kidney injury through inflammatory, hemodyna-

mic, and metabolic mechanisms [3,7]. 

The concept of "renal long COVID", encompassing 

new or progressive CKD following SARS-CoV-2 in-

fection, has gained prominence [4,5], though true inci-

dence remains uncertain due to small cohorts, short 

follow-up periods, and heterogeneous CKD definitions 

[4,5]. Data from Eastern Europe are particularly limi-

ted, despite the global burden of CKD and its major 

public health implications [1,3,5]. 

The present study investigated a large cohort of hospi-

talized COVID-19 survivors with the following objec-

tives: (1) to determine the frequency of AKI occurring 
during acute COVID-19 and the progression or wor-

sening of pre-existing CKD after recovery, acknow-
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ledging that de novo CKD cannot be diagnosed in 

patients without prior kidney disease within a short 

post-infectious timeframe; (2) to identify clinical and 

laboratory predictors associated with AKI develop-

ment during COVID-19 and subsequent renal function 

deterioration; and (3) to assess the impact of baseline 

CKD on COVID-19-related in-hospital mortality. We 

hypothesized that older patients with multiple comor-

bidities are at increased risk of AKI during acute infec-

tion, accelerated CKD progression after recovery, and 

poorer clinical outcomes. 

 

Material and methods 

 

Study design and population: We conducted a retro-

spective observational study of 1,000 adults hospitali-

zed with RT-PCR-confirmed COVID-19 at Timofei 

Moșneaga Republican Clinical Hospital (Chișinău, 

Moldova) between March 2020 and December 2022. 

Inclusion criteria were age ≥18 years and availability 

of post-COVID renal follow-up. Patients on chronic 

dialysis or kidney transplant recipients were excluded. 

Pre-existing CKD (stages 1-4) was identified from me-

dical records; CKD was defined as eGFR <60 mL/min/ 

1.73 m2 or structural kidney disease >3 months per 

KDIGO. 

Data collection: Demographics, comorbidities (hyper-

tension, diabetes, cardiovascular disease, obesity), and 

Charlson Comorbidity Index were recorded. CVD was 

defined as coronary artery disease, heart failure, or 

stroke; obesity as BMI ≥30 kg/m2. Laboratory data 

during acute illness included inflammatory markers, 

renal and hepatic tests. AKI was defined by KDIGO 

criteria with highest AKI stage was noted. Severity 

was assessed by ICU admission or mechanical venti-

lation. After discharge, patients underwent scheduled 

renal follow-up (creatinine, eGFR, urine tests) at ~3, 6, 

and 12 months. CKD progression was defined as 

transition to a more advanced KDIGO stage or new-

onset CKD ≥stage 3 in previously healthy patients, and 

for those with CKD, any stage that increases or ≥25% 

eGFR decline constituted progression. Mortality and  

 

initiation of dialysis were recorded. Median follow-up 

was ~12 months (IQR 9-15). 

Statistical analysis: Patients were stratified into prog-

ression vs. non-progression groups. Group compari-

sons used t-tests or Mann-Whitney U tests for conti-

nuous variables and chi-square or Fisher’s exact tests 

for categorical variables (significance p<0.05). Multi-

variate logistic regression identified independent pre-

dictors of CKD progression (age, sex, baseline CKD, 

hypertension, diabetes, obesity, CVD, Charlson index, 

AKI). Cox models assessed predictors of mortality, 

including baseline CKD and CKD progression. Pro-

portional hazards assumptions were met. Results are 

expressed as ORs or HRs with 95% CIs. Analyses 

were performed using STATISTICA 9.0 and SPSS 26. 

Ethical considerations: The study was approved by the 

Nicolae Testemițanu SUMPh Ethics Committee (favo-

rable opinion of the Committee for Research Ethics at 

no.6 of 18.05.2023). Informed consent was waived due 

to the retrospective design. All data were de-identified 

and handled according to the Declaration of Helsinki 

of 1975, as revised in 2000. 

 

Results 

 
Patient characteristics: Among the 1,000 COVID-19 

survivors, the median age was 66 years (22-89; IQR 

58-74), and 58% were male. Comorbidities were co-

mmon: 64% had hypertension, 24% diabetes, and 26% 

cardiovascular disease. The median Charlson Index 

was 4 (IQR 3-5). Pre-existing CKD (stages 1-4) was 

present in 200 patients (20%)-mainly stage 3 (n=142) 

and stage 4 (n=40). The remaining 800 patients (80%) 

had no known CKD (eGFR ≥60). AKI occurred in 310 

patients (31%), and 55 (5.5%) required acute dialysis. 

In-hospital mortality during acute COVID-19 was 

12.3%, and the 1,000 survivors entered follow-up. 

AKI and CKD progression after COVID-19: During a 

median 12-month follow-up, 180/800 (22.5%) patients 

without prior developed new CKD stage ≥3, and 

120/200 (60%) patients with pre-existing worsened 

CKD by at least one stage. Conversely, 700 patients 

(70%) showed no progression. Among those without 

 
Table 1. Baseline characteristics of COVID-19 survivors with vs. without CKD progression 

Characteristic 
AKI Onset+ 

(n=300) 

No AKI Onset+ 

(n=700) 
p-value 

Age, years (median, IQR) 71 (65-78) 62 (55-70) <0.0011 

Male sex, % 60% 57% 0.48 

Hypertension, % 74% 62% 0.005 

Type 2 Diabetes Mellitus, % 27% 21% 0.017 

Cardiovascular Disease, % 31% 23% 0.040 

Obesity (BMI ≥30), % 29% 26% 0.34 

Charlson Comorbidity Index (median) 5 (4-7) 3 (2-5) <0.0001 

Acute COVID-19 AKI, % 45% 25% <0.0001 

ICU care for COVID-19, % 22% 15% 0.008 

Baseline CKD present, % 40% 11% <0.0001 

Note: 1 p<0.001 by Mann-Whitney U test for age (non-normal distribution). Other p-values 

by chi-square test or t-test as appropriate. 
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prior CKD, 77.5% maintained normal renal function, 

while 40% of patients with CKD remained stable. 

The comparison between AKI onset and progressors 

vs non-progressors (Table 1) summarizes the baseline 

characteristics and acute illness features of patients 

who developed CKD and who progressed in CKD 

status versus those who did not. Patients who 

experienced post-COVID AKI and CKD progression 

were significantly older than those who did not 

progress (median age 71 vs 62 years, p<0.001). The 

progression group also had a higher prevalence of key 

chronic conditions: hypertension was present in 74% 

of progressors vs 62% of non-progressors (p= 0.005), 

diabetes in 27% vs 21% (p=0.017), and cardiovascular 

disease in 31% vs 23% (p=0.04). The rate of obesity 

was slightly higher in the progression group (29% vs 

26%) but this difference was not statistically 

significant (p=0.34). Comorbidity burden, as quanti-

fied by the Charlson index, was markedly greater in 

those with CKD progression (median CCI 5 vs 3, 

p<0.0001). A Charlson index >4 (approximately co-

rresponding to having 2 or more significant comorbid 

conditions) was observed in 58% of progressors, com-

pared to 30% of non-progressors. 

Acute COVID-19 course. Severity of the acute illness 

strongly influenced long-term renal outcomes. AKI 

occurred in 45% of patients who later developed CKD 

progression versus 25% of non-progressors (p<0.0001). 

ICU admission was also more common among progre-

ssors (22% vs 15%, p=0.008). These findings indicate 

that severe acute disease-particularly AKI-predisposes 

patients to chronic renal impairment, with older and 

more comorbid individuals being most affected. 

Outcomes: mortality and renal replacement therapy. 

Overall mortality during follow-up was 8.6% (86/1000), 

but differed sharply by renal trajectory. Patients with 

CKD progression had 15.0% mortality (45/300) versus 

5.9% (41/700) in non-progressors (p<0.001). Baseline 

CKD was an even stronger determinant: mortality was 

20% (40/200) in those with pre-existing CKD vs 5.8% 

(46/800) without it (p<0.0001), representing a ~3.5-fold 

higher risk. After adjustment, baseline CKD remained 

an independent predictor (HR ~2.5, 95% CI 1.8-3.5). 

Most deaths in CKD patients were due to renal failure, 

cardiovascular events, or infections. 

Chronic dialysis was initiated in 27 patients (2.7%), all 

from the progression group (15 with advanced baseline 

CKD; 12 with new ESKD after severe AKI). No non-

progressors required dialysis. Renal survival curves 

confirmed significantly worse outcomes in progressors 

(p<0.0001). 

Independent predictors of CKD progression. Multiva-

riate analysis identified baseline CKD as the strongest 

predictor (OR ≈3.8; 95% CI 2.7-5.4; p<0.0001). Age 

increased risk (OR ~1.5 per decade). Significant co-

morbidity predictors included hypertension (OR ~1.6; 

p=0.01), cardiovascular disease (OR ~1.4; p=0.04), and 

poorly controlled diabetes (OR ~1.5; p=0.03), particu-

larly with obesity (OR ~2.0). A Charlson index >4 in-

creased risk (OR ~2.2; p<0.001). Sex was not predicti-

ve. AKI independently increased the odds of CKD 

progression (OR ~1.9; 95% CI 1.4-2.6; p<0.001). 

Independent predictors of mortality. In Cox models, 

CKD progression predicted mortality (HR ~1.88; p= 

0.004), but baseline CKD (HR ~2.5; p<0.001) and 

Charlson index (HR ~1.2 per point; p<0.001) remained 

dominant when analyzed together. Advanced age (HR 

~1.5 per decade; p<0.001) and cardiovascular disease 

(HR ~1.7; p=0.01) also increased mortality risk. Patients 

with baseline CKD who subsequently worsened had 

the poorest overall prognosis. 

 

Discussion 

 

In this cohort of 1,000 survivors hospitalized for 

COVID-19, CKD progression emerged as a frequent 

long-term outcome, affecting nearly one-third of pa-

tients and supporting the concept of "renal long COVID" 

[5,10]. Older age, hypertension, diabetes, cardiovas-

cular disease, and higher comorbidity burden were 

strongly associated with renal deterioration, consistent 

with risk factors described in prior studies [12,18]. 

These conditions likely exacerbate SARS-CoV-2–in-

duced inflammatory and hemodynamic injury. Youn-

ger patients without comorbidities rarely developed 

CKD [12,22]. 

Pre-existing CKD had the strongest impact on outco-

mes: such patients were over 2-3 times more likely to 

progress and had significantly higher mortality, alig-

ning with evidence that CKD is a major predictor of 

severe COVID-19 and death [17,18,23]. CKD may 

reduce physiological reserve and amplify systemic 

inflammation, contributing to poor recovery. 

The high incidence of CKD progression in our study 

(30% overall; 22.5% new CKD; 60% CKD worsening) 

fits within the broad range reported in the literature, 

though somewhat higher than in studies including 

milder infections. A scoping review noted new CKD 

in 0.4-45% and progression in 8-49% of post-COVID 

cohorts [7,10,22]. Our findings likely reflect the seve-

rity of illness, as AKI-present in 31% - is a well-known 

driver of long-term CKD [10,16,23]. AKI nearly doub-

led the risk of progression. 

Importantly, most patients without traditional risk fac-

tors remained free of CKD, suggesting that long-term 

renal injury is concentrated in vulnerable subgroups 

[7,15]. Some reports found no CKD development in 

healthier populations [8,11,19], emphasizing the need 

for targeted follow-up. 

Mortality patterns further illustrate this vulnerability: 

CKD progression correlated with death, but baseline 

CKD was the dominant predictor, consistent with large 

epidemiologic studies [8,12,21]. This highlights CKD 

as both a consequence and a marker of systemic frailty. 
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Clinically, all hospitalized COVID-19 survivors-espe-

cially older, comorbid patients or those with AKI-

should undergo post-COVID renal monitoring, as 

recommended by expert consensus [13,19,20]. Early 

nephrology referral and optimization of reno-protec-

tive strategies (blood pressure and glycemic control, 

ACEi/ARB use, avoidance of nephrotoxins, conside-

ration of SGLT2 inhibitors) may mitigate progression. 

Cardiovascular risk reduction is also essential, given 

shared pathophysiology. 

At a public health level, even small increases in CKD 

incidence after COVID-19 translate into substantial 

population-level burden. Estimates suggest hundreds 

of thousands of new CKD cases globally linked to 

COVID-19. Health systems must prepare through expan-

ded renal care capacity and structured follow-up programs. 

Limitations: This single-center retrospective study may 

be limited for its generalizability. Residual confoun-

ding is possible, including effects of treatments, viral 

variants, or vaccination (not stratified). CKD prog-

ression was defined by stage or eGFR decline, poten-

tially missing subtle changes, though sensitivity analy-

sis was consistent. Median follow-up was 12 months, 

so late-onset CKD may be underdetected. Lack of 

complete proteinuria data limits assessment of full 

renal involvement. 

 

Conclusions 

 

COVID-19 can have a profound and lasting impact on 

the kidneys. In our cohort of the survivors from severe 

COVID-19, nearly one-third experienced new or wor-

sening CKD in the year following their illness. Older 

age and high comorbidity burden (notably hyperten-

sion, diabetes, and cardiovascular disease) were identi-

fied as key risk factors for post-COVID CKD progre-

ssion, and these patients should be targeted for careful 

renal follow-up. Pre-existing CKD emerged as a criti-

cal determinant of outcomes-patients with baseline 

kidney impairment are not only more prone to further 

renal decline after COVID-19 but also suffer higher 

mortality. COVID-19 survivors with these risk factors 

represent a vulnerable group in whom early nephro-

logical intervention and risk factor optimization may 

be lifesaving. Our findings reinforce the need for an 

integrated post-COVID care strategy that includes mo-

nitoring of kidney function, in line with recent reco-

mmendations. By recognizing those at greatest risk 

and managing their kidney health proactively, we can 

hopefully mitigate the long-term toll of the COVID-19 

pandemic on CKD and overall patient well-being. 
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Abstract 

 

Introduction. Membranous nephropathy (MN) is the 

most common morphological finding found in cases of 

nephrotic syndrome in adults. Etiologically it is divi-

ded into primary (PMN) and secondary (SMN). Treat-

ment of patients with MN is carried out with cortico-

steroids, immunosuppressants, monoclonal antibodies 

and others, depending on the determined degree of risk 

in the respective patients. 

Case reports. We describe two cases from clinical 

practice with biopsy established MN, as PMN, in which 

we carried out treatment with intermittent "pulses" of 

glucocorticoids and/or cyclophosphamide with simul-

taneous administration of medications with nephropro-

tective and/or anti-inflammatory effects-SGLT2 inhi-

bitors and finerenone. 

Results. The patients were followed up for six months. 

During this period, remission of the main manifesta-

tions of the disease was achieved in all patients with-

out any deterioration of the renal function. Subsequent 

observation and non-pathogenetic treatment in the next 

six months also showed no disease activity. 

Conclusion. The excellent results we have reported in 

these patients, in our opinion, are an evidence that the 

individual approach to treatment does not contradict 

the accepted rules of Good Clinical Ppractice, but often 

complements them well under the appropriate conditions. 

 

Keywords: membranous nephropathy, nephrotic syndrome, 

corticosteroids, immunosuppressants, alternative medications, 

SGLT2 inhibitors, Finerenone 
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Introduction  

 

Membranous nephropathy (MN), also known as mem-

branous glomerulonephritis, is one of the most frequen-

tly detected morphologically chronic glomerulonephri-

tis, clinically manifested by nephrotic syndrome-ma-

ssive proteinuria (>3.5 g/day), hypo- and dysproteine-

mia, and edema of nephrotic-type. The etiology can be 

primary (75-80%) and secondary (20-25%), but remains 

unknown [1]. The role of viral and bacterial infections, 

environmental pollution, and genetic predisposition is 

discussed. It is believed that people of European and 

East Asian descent are genetically predisposed to the 

development of this nephropathy due to defects in two 

non-HLA loci that are transcriptional regulators of in-

flammation [2-6]. The diagnosis, as in all cases of un-

known nephropathies, is proven only by renal biopsy. 

Differentiating the primary from the secondary form 

requires numerous additional studies and even then, it 

may not be proven definitively. 

 

Case 1. 

  

A 61-year-old Caucasian male with a history of long-

term arterial hypertension presented with a constellation 

of nephrotic syndrome: pronounced edema of the lower 

extremities of the nephrotic type with proteinuria of 

11.4 g/l, reduced total protein levels of 35.2 g/l, and 

albumin of 17.8 g/l, with e-GFR of 81 ml/min/1.73 m2  

Serological markers for hepatitis B and C were nega-

tive, as well as the immunological markers for systemic 

lupus in two consecutive measurements. 

Kidney biopsy was consistent of Membranous nephro-

pathy of GN, class II, with abundant deposits of IgA, 

IgG, IgM, C3, C1q. 

After biopsy clarification, the following treatment was 

started (Table 1): 

 
Table 1. The medications used for treatment were cyclophosphamide (CYC); glucocorticoids 

(GC); Sodium-glucose transport inhibitors 2 (SGLT2) 

 1st month 2nd month 3rd month 4th month 5th month 6th month 

CYC + + + + + + 

GC + +   +  

SGLT2 + + + + + + 
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The main treatment included: Cyclophosphamide from 

1st to 6th monthly pulse doses of 500 mg i.v., Methyl-

prednisolone at 1st and 2nd month with pulse doses of 

500 mg/3 days in row i.v., and  SGLT-2 inhibitor x 

10mg/daily. 

Symptomatic treatment also included olmesartan/am-

lodipine, diuretics, and supplementation for protein loss. 

After the 6-th month, the following changes were 

found: lack of edema in the lower extremities, reduc-

tion of body weight by 32%, decrease in proteinuria to 

0.9 g/L, increase in total protein to 59.2 g/L, and albu-

min to 35.4 g/L, and increase of e-GFR to 100 

ml/min/1.73 m2. 

 

 

Case 2. 

 

A 41-year-old man, Caucasian race, arterial hyperten-

sion with a 5-year history, was admitted with a conste-

llation of nephrotic syndrome with mild edema in the 

lower extremities of nephrotic type, proteinuria of 4.91 

g/L, total protein of 54.6 g/l, albumin was 29.4 g/l, and 

e-GFR - 112 ml/min/1.73 m2. 

In addition, there were negative serological markers 

for hepatitis B and C, and negative immunological 

markers for systemic lupus, determined twice. 

Kidney biopsy showed membranous nephropathy, class 

II, with abundant deposits of IgA, IgG, IgM, C3, C4, C1q. 

We conducted the following treatment on this patient 

(Table 2): 

 
Table 2. Main medications used for treatment by month (CYC - cyclophosphamide; GC - glucocorticoids) 

 1st month 2nd month 3rd month 4th month 5th month 6th month 

CYC + + + + + + 

GC + +     

Finerenone + + + + + + 

 

The main treatment included: Cyclophosphamide from 

1st to 6th monthly pulse doses of 500 mg i.v., Methyl-

prednisolone at 1st and 2nd month with pulse doses of 

500 mg/3 days in row i.v., and Finerenone x 10mg/daily. 

Symptomatic treatment also included olmesartan/am-

lodipine, diuretics, and protein loss supplementation. 

The follow up after 6 months revealed an absence of 

edema in the lower extremities, the proteinuria was 

reduced to 0.64 g/l, and total protein increased to 71.5 

g/l, and albumins to 41.1 g/l, while e-GFR increased to 

94 ml/min/1.73 m2.  

 

Discussion 

 

Membranous nephropathy is a heterogeneous disease, 

occurring either in the absence of an established cause 

(80% of cases), or in association with clinical condi-

tions, such as infections (hepatitis B), lupus erythe-

matosus, neoplasm or any drug intoxication, thus defi-

ning the so-called primary and secondary membranous 

nephropathy, respectively. 

The search for markers for identification of MN is 

associated with the discovery of the neutral endopep-

tidase (NEP) antigen and the phospholipase-A2 recep-

tor antigen (PLA2R). After 2019, the following biomar-

kers are used to differentiate the underlying cause: 

exostosins 1/2 (EXT1/2)-a marker for lupus nephropa-

thy class V; neural epidermal growth factor-like 1 pro-

tein (NELL-1)-a major biomarker in "primary" and 

neoplastic MN; semaphorin 3B (Sema3B)-the most 

common biomarker in childhood; neural cell adhesion 

molecule 1 (NCAM1)-a marker for lupus nephropathy 

class V [7]. 

Despite the extensive morphological findings in our 

patients, we did not find any positive signs of para-

neoplastic nephropathy, and triple standard immuno-

logical studies for systemic lupus remained negative. 

We lack laboratory facilities for testing new and speci-

fic markers - PLA2R, NELL-1, NCAM1, which limits 

the objectivity of diagnosis in these cases. 

Currently, the approach to treating patients with MN is 

highly individualized, with experts recommending a 

conservative regimen tailored to the specific com-

plaints of each patient, clinical manifestations and le-

vel of proteinuria. 

Of the non-pharmacological factors, the following ones 

are important: Increased physical activity; Limited salt 

intake - up to 2.0 g/day; Limited protein intake - 0.8-1 

g/kg/day [8]. 

The first choice in the presence of hypertension is the 

use of angiotensin‐converting enzyme inhibitors (ACEIs) 

or angiotensin II receptor blockers (ARBs), relying on 

their protective effect on the kidney, associated with 

the reduction of hyperfiltration, stabilization of the 

basement membrane and their influence on the trans-

port of molecules across the renal mesangium. 

Protein supplementation is also used in the presence of 

hypoalbuminemia, usually combined with diuretic therapy. 

Hyperlipidemia in nephrotic syndrome is a secondary 

phenomenon, the result of a defective compensatory 

mechanism and its presence indicates that it is a pro-

longed nephrotic syndrome. Once it occurs, however, 

hyperlipidemia adversely affects renal function and the 

performance of all major systems in the body, for 

which it is indicated for treatment with statins. 

Increased thrombotic risk correlates with the degree of 

hypoproteinemia and requires the use of at least aspi-

rin, and in more severe cases-low molecular weight 

heparins and indirect anticoagulants for a prolonged 

period [9-11]. 
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The Kidney Disease: Improving Global Outcomes 

(KDIGO) guidelines from 2021 define four risk cate-

gories for classifying MN: low, intermediate, high and 

very high risk. 

The most commonly used treatment regimens are: C. 

Ponticelli regimen-alternating GC and Cyclophospha-

mide; Calcineurin inhibitors; Rituximab-CD20-anti-

body therapy. 

In patients with intermediate risk-rituximab or calci-

neurin inhibitor with or without glucocorticoids. For 

those with high risk-rituximab or cyclophosphamide, 

alternating with glucocorticoids, or calcineurin inhi-

bitor with rituximab. For very high-risk patients, the 

recommended treatment includes the use of cyclophos-

phamide and glucocorticoids [12]. 

In the cases described by us, the first meets the criteria 

for a high-risk patient, and the second-for a moderate-

high risk. Our patients were not able to purchase either 

calcineurin inhibitor or Rituximab at their own expen-

se, and the use of these drugs in MN is Off-label. For 

this reason, we started treatment with CYC and GC-

only "pulse", once a month, without the use of 

conventional medication, as in the classic scheme of 

C. Ponticelli. 

The patients have been followed for 12 months after 

the described specific therapy, and after the 6th month, 

we have not used either CYC or GC in both patients, 

but only SGLT2 inhibitor and antihypertensive therapy 

with ARB. During the follow-up period, there was no 

significant change in proteinuria values and renal 

function, expressed by e-GFR.  

SGLT2 inhibitors were initially indicated to improve 

glycemic control in type 2 diabetes. It has been es-

tablished that SGLT2 inhibitors exert nephroprotective 

effects beyond glucose regulation and reduction of 

intraglomerular pressure through tubuloglomerular 

feedback. Inhibition of SGLT2 leads to an initial dec-

rease in eGFR in patients without diabetes, which sta-

bilizes over time. Studies of the effect of SGLT2 inhi-

bitors (DAPA-CKD, EMPA-KIDNEY) have reduced 

proteinuria by 32% in patients with MN [13,14].  

The mineralocorticoid receptor (MR) is a transcription 

factor that is expressed in various tissues: kidneys, 

heart, blood vessels, etc. The role of MR is well expre-

ssed in the distal nephron on aldosterone-sensitive 

renal epithelial cells expressing 11b-hydroxysteroid 

dehydrogenase type 2. In these cells, MR activation is 

primarily associated with the regulation of blood 

pressure and sodium retention, but the MR receptor is 

also expressed in non-epithelial renal cells, in several 

other tissues, including adipocytes, vascular smooth 

muscle cells (VSMCs), immune cells, cardiomyocytes, 

where it may participate in the regulation of their 

growth. MR can promote fibrosis and inflammation, 

leading to progression of renal and cardiovascular 

disease. 

MR antagonists are a relatively new class of drugs 

currently being tested in patients with type 2 diabetes. 

Phase II and III clinical trials (ARTS, ARTS-DN, 

ARTS-HF, FIDELIO-DKD, FIGARO-DKD, FIDELITY) 

have shown dose-dependent reductions in albuminuria 

with Finerenone and adverse events profile similar to 

placebo [15,16]. 

In addition, studies investigating the effects of the 

combination of Finerenone and sodium-glucose cotra-

nsporter 2 (SGLT2) inhibitors (empagliflozin) in chro-

nic kidney disease (CKD) and T2DM (CONFIDENCE) 

and the selective MR modulator AZD9977 with ano-

ther SGLT2 inhibitor (dapagliflozin) in HF and T2DM 

(MIRACLE) aim to expand treatment options. Al-

though SGLT-2 inhibitors have been shown to reduce 

the risk of hyperkalemia in FIDELIO-DKD and po-

tentially reduce the incidence of new-onset HF in 

FIGARO-DKD, further studies are needed. To date, 

the evidence for the beneficial effects of Finerenone 

across the spectrum of cardiorenal disease is based 

only to the results of studies conducted in patients with 

type 2 diabetes, while clinical trials of Finerenone in 

patients with nondiabetic kidney disease are ongoing. 

Finally, nonsteroidal MRAs have significant potential 

as key therapeutic targets across the spectrum of car-

diorenal disease [17,18]. 

The prognosis of MN is: 1/3 of patients reach spon-

taneous remission, 1/3 achieve partial remission with 

the development of stable CKD and 1/3 are therapeuti-

cally resistant and reach relatively quickly terminal renal 

failure and the need for renal replacement therapy [19]. 

Despite the great successes in unraveling the idiopa-

thic forms of the disease and the use of various new 

molecules with activity against CD19/CD20 rituxi-

mab, obinutuzumab, ocrelizumab and ofatumumab, 

calcineurin inhibitors and others, there is still a lack of 

convincing data on a serious reduction in resistant 

cases [20-23]. 

 

Conclusion  

 

The reported cases are only proof that, based on 

established therapeutic models, we can seek individual 

solutions for our patients with the help of medications 

that are not yet approved for the treatment of one or 

another nephropathy, but have a positive effect on the 

progression of CKD through different mechanisms. 
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Abstract 

 

Introduction. Statins are widely prescribed lipid-lo-

wering agents that significantly reduce cardiovascular 

morbidity and mortality, They are frequently pres-

cribed as first-line drugs for the primary and secondary 

prevention of coronary, cerebral and peripheral ische-

mic vascular events. Although effective and tolerated 

by most patients, myotoxicity is a rare but well-do-

cumented adverse effect of all statins that usually 

occurs within weeks or months. The aim of this pre-

sentation is to review the pathophysiological mecha-

nisms and diagnosis of statin associated myotoxicity, 

focusing on the most effective strategies for statin in-

tolerance clinical management. Hence, we present two 

different cases of statin induced rhabdomyolysis with 

different treatment, one with help from medium cut off 

(MCO) dialyzer, and the other with conservative 

approach with a lot of fluids and diuretic stimulation.  

Case reports. The first case is a 68 years old male, on 

chronic therapy with atorvastatin proposed from car-

diologist after having heart problems three years ago. 

One month before the hospital admission, the patient 

had elevated creatine kinase and myoglobin, and statin 

was removed from the therapy. The initial myoglobin 

level was 700ng/ml and creatine kinase 1500U/L. An 

excessive fluid parenteral administration was initiated 

with over 3000ml with an additional oral intake. While 

under hospital treatment, 24h diuresis was measured 

between 2300ml up to 4500ml. On the day of dischar-

ge, his creatine kinase was 300U/L, myoglobin 200ng/ml 

and serum creatinine was 138µmol/L. He was instruc-

ted for a regular checkup thereafter. 

The second case was also a 69 years old male, with 

chronic kidney disease (CKD) and congestive heart 

failure with 35% EF. A week before admission the pa-

tient has felt problems with walking, pain in the musc-

les and on three days before the actual hospital 

admission he was treated in the nearby hospital and 

transferred because of an acute worsening of the CKD 

for further treatment. At the admission, the creatine 

kinase level was 57904U/L. 

Because of the highly elevated waste products (urea 

and creatinine) a treatment with hemodialysis was 

initiated. A total of 11 hemodialysis was performed, 

and in 7 of them MCO dialyzer was used. Creatinine 

kinase level has declined up to 243 U/L. No proper 

creatine decline has been managed and the patient was 

discharged with the need for chronic hemodialysis 

treatment with regular checkups for eventual discharge 

from the chronic hemodialysis program (CHDP). 

Conclusion. We can say that the choice of statin in 

patients with kidney disease is complex and depends 

on specific risk factors. This fact is important for 

choosing the right treatment in these patients. The data 

and conclusions may help guide future clinical practice 

and research in this area. 

 

Key words: statins therapy, rhabdomyolysis, kidney 

injury, medium cut off membrane, myoglobin 

___________________________________________ 

 

Introduction 

 

Statins are widely prescribed lipid-lowering agents 

that significantly reduce cardiovascular morbidity and 

mortality. They are competitive inhibitors of HMG-

CoA-reductase (3-hydroxy-3-methylglutaryl-CoA re-

ductase) and thereby reduce cholesterol synthesis, so 

they are frequently prescribed as first-line drugs for 

the primary and secondary prevention of coronary, 

cerebral and peripheral ischemic vascular events [1-3]. 

Although effective and tolerated by most patients, 

myotoxicity is a rare but well-documented adverse 

effect of all statins that usually occurs within weeks or 

months. However, their use is occasionally associated 

with adverse muscular effects, ranging from mild myal-

gia to severe rhabdomyolysis. Statin-induced rhabdo-

myolysis is a rare but potentially life-threatening con-

dition characterized by muscle breakdown, elevated 

creatine kinase levels, and risk of acute kidney injury. 

The mechanism of statin-associated myotoxicity is not 

entirely certain, but toxicity is dose-dependent and 

several risk factors have been identified. Indeed, any 
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clinical case of statin-induced myotoxicity can be seen 

as multifactorial [3-5]. 

The aim of this presentation is to give an update on 

pathophysiological mechanisms and diagnosis of statin 

associated myotoxicity, focusing on the most effective 

strategies for statin intolerance clinical management, 

including new emerging alternative therapies. This re-

view aims to improve diagnostic and therapeutic app-

roaches in order to increase statin adherence and redu-

ce cardiovascular events [5]. 

 

Case report 

 

Here in, we present two different cases of statin indu-

ced rhabdomyolysis with different treatment, one with 

help from medium cut off (MCO) dialyzer, and the 

other with a conservative approach with a lot of fluids 

and diuretic stimulation. 

 

Case 1 

 

We report a case of 68 years old male, on chronic 

therapy with atorvastatin proposed from cardiologist 

after having heart problems three years ago. 

One month before the hospital admission, the patient 

had an elevated creatine kinase and myoglobin, and 

statin was removed from therapy. It was given paren-

teral fluids and vitamin therapy four days through daily 

visits in hospital. On the second control one month 

after daily hospital treatment creatine kinase and myo-

globin were insignificantly depleted showing no reg-

ression and decision was made for hospital treatment. 

On the admission day the myoglobin level was 700ng/ml 

and creatine kinase 1500U/L. The other laboratory fin-

dings were as follows: hemoglobin 109..112g/L, eryt-

hrocytes 3.39..3,49, hematocrit 0.31..0,32, BUN 5.7..4,7 

mmol/L, creatinine 138..134umol/L, creatine kinase 

2028..1087U/L, myoglobin 229..206ng/ml, CRP 1.7..2.9. 

An excessive fluid parenteral administration was ini-

tiated with over 3000ml with an additional oral intake. 

Diuretics were used only the first day and during the 

hospitalization the 24h diuresis was measured between 

2300ml up to 4500ml. On the day of discharge, his 

creatine kinase was 300U/L, and myoglobin 200ng/ml. 

Serum creatinine was 138µmol/L. He was instructed for 

a regular checkup afterwards. regular checkup thereafter. 

 

Case 2 

 

The second case was also a 69 years old male with 

chronic kidney disease (CKD) and congestive heart 

failure with 35% EF. A week before admission the pa-

tient has felt problems with walking, pain in the muscles 

and on three days before the actual hospital admission 

he was treated in the nearby hospital and transferred 

because of an acute worsening of the CKD for further 

treatment. At the admission, the creatine kinase level 

was 57904U/L. The other laboratory findings were as 

follows: hemoglobin 119..71..91g/L, erythrocytes 

3.82..2.26..2.88, hematocrit 0.35..0.22..0.26, BUN 

30.8..5.9..8.3mmol/L, creatinine 762..329..573µmol/L, 

creatine kinase 7904..1089..243U/L, myoglobin 

615..1071..362 ng/ml, CRP 1.1..22..17.1, AST 

1137..62U/L, ALT 693..152U/L.  

Because of the highly elevated waste products (urea 

and creatinine) a treatment with hemodialysis was 

initiated. A total of 11 hemodialysis was performed, 

and in 7 of them MCO dialyzer was used. Creatinine 

kinase level has declined up to 243 U/L. No proper 

creatine decline has been managed and the patient was 

discharged with the need for chronic hemodialysis 

treatment with regular checkups for eventual discharge 

from the chronic hemodialysis program (CHDP). 

Urine output has slowly corrected from 200ml/24h up 

to 1250ml/24h. No other direct cause for the rhabdo-

myolysis has been confirmed.  

 

Discussion 

 

Understanding the risk factors, clinical presentation, 

and management of acute kidney injury (AKI) is essen-

tial for clinicians to balance the benefits of statin the-

rapy with patient safety. Here we present two case re-

ports treated at our clinic, in one case with the rare use 

of specific MCO dialyzer and a positive clinical outcome. 

The patients can rapidly develop severe rhabdomyoly-

sis associated with rosuvastatin therapy while suffe-

ring from AKI. Although we were not able to obtain 

rosuvastatin plasma levels, even without such data, 

according to the standard semiquantitative causality 

assessment, rosuvastatin could have been classified as 

the "probable" cause of rhabdomyolysis in our patient [4]. 

Statins are generally safe for patients with normal kid-

ney function, but it carries an increased risk of kidney-

related side effects, including proteinuria and hema-

turia, especially at high doses and for people with pre-

existing kidney disease. Dosage adjustments are nece-

ssary for patients with severe CKD [6,7]. 

While all statins can affect the kidneys, rosuvastatin 

has shown a slightly higher risk of kidney issues com-

pared to atorvastatin, with risks increasing with higher 

doses. An increase in protein (proteinuria) and blood 

(hematuria) in the urine was observed in clinical trials, 

particularly with higher dosages. These effects are 

often temporary and generally do not lead to a decline 

in overall kidney function. 

Our patients have both proteinuria and hematuria, but 

after they stopped therapy with statins, the urine status 

was normalized. Some studies published in the Journal 

of the American Society of Nephrology found that ro-

suvastatin users had a 15% higher risk of kidney failu-

re requiring replacement therapy (dialysis or transplan-

tation) compared to those taking atorvastatin. 
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In rare cases, the statin side effect rhabdomyolysis 

(muscle breakdown) can lead to severe kidney damage 

or AKI. This risk is higher in individuals with pre-

existing kidney problems.                  

High-dose rosuvastatin has been linked to renal tubular 

toxicity, a non-rhabdomyolysis-related injury to the 

kidney's filtering tubules [8,9]. 

The prescribing guidelines for rosuvastatin emphasize 

extra caution when treating patients with existing kid-

ney issues. For patients with severe CKD, defined as a 

creatinine clearance (CrCl) or estimated glomerular fil-

tration rate (eGFR) below 30 mL/min, the dose should 

be started at 5 mg and does not exceed 10 mg daily 

[10,11].  

Patients with an eGFR below 30 have a significantly 

higher risk of proteinuria and hematuria when taking 

rosuvastatin compared to those with normal kidney 

function. Research suggests that other statins may be 

safer for kidney health, though studies have mixed 

results [12,13].  

A large 2022 observational study comparing rosuvas-

tatin to atorvastatin showed that rosuvastatin was asso-

ciated with a higher risk of kidney harm, particularly 

at higher doses [6].  

Atorvastatin seems to have a renoprotective effect. In 

one study, high-dose atorvastatin appeared to have more 

protective effects on the kidneys compared to high-do-

se rosuvastatin. Despite some comparative differences, 

statins as a class have been shown to have overall 

renoprotective effects and are important for managing 

cardiovascular risk in patients with CKD [10].  

The choice of statin in patients with kidney disease is 

complex and depends on specific risk factors. A large 

percentage of patients on lipid lowering therapies have 

CKD, and data regarding renal outcomes associated 

with high doses of statins in this population are limi-

ted. We found that nearly half of patients with CKD 

are on inappropriately high doses of rosuvastatin when 

considering their kidney function. Further research 

into long term outcomes and statin dosing in this 

patient population is needed [14,15].  

 

Conclusion 

 

This case report provides important clinical insights 

into the management of statin-induced rhabdomyolysis 

and emphasizes the need for personalized approaches 

in statin therapy, especially in patients with underlying 

kidney conditions. The choice of statin in patients with 

kidney disease is complex and depends on specific risk 

factors. This fact is important for choosing the right 

treatment in these patients. The data and conclusions 

may help guide future clinical practice and research in 

this area. 
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Abstract 

 

Systemic lupus erythematosus (SLE) is a chronic mul-

tisystem autoimmune disorder characterized by auto-

antibody production and immune complex-mediated 

organ damage. The predominant clinical signs include 

fatigue, fever, weight loss, arthritis, pericarditis, ane-

mia, and pulmonary complications. Diagnosing SLE 

requires a combination of clinical evaluations and la-

boratory testing, including antinuclear antibodies and 

anti-double-stranded DNA antibodies, among others. 

Lupus nephritis is a serious manifestation of SLE and 

is particularly challenging during pregnancy and the 

post-partum period.  

We present a case of a previously healthy woman, who 

developed severe proteinuria, hypertension, and extra-

renal lupus manifestations, eight weeks after delivery. 

Laboratory and immunological findings confirmed 

new-onset SLE. Renal biopsy established the diagnosis 

of lupus nephritis. The patient was treated with high-dose 

corticosteroids, cyclophosphamide, and therapeutic plas-

mapheresis, resulting in significant clinical and bio-

chemical improvement. This case highlights the impor-

tance of an early recognition of lupus nephritis in the 

post-partum period, when immune rebound phenome-

non may precipitate autoimmune activation. 

In conclusion, we can say that the early recognition of 

lupus nephritis in the post-partum period is crucial for 

the treatment of the lupus nephritis. This patient achieved 

complete clinical remission following immunosuppre-

ssive therapy and continues under nephrology follow-up 

due to risk of relapse. 

 

Keywords: systemic lupus erythematosus, lupus nephritis, 

post-partum, renal biopsy, cyclophosphamide, 

plasmapheresis 

___________________________________________ 

 

Introduction  

 

Systemic lupus erythematosus (SLE) is a chronic mul-

tisystem autoimmune disorder characterized by auto-

antibody production and immune complex–mediated 

organ damage [1,2]. It predominantly affects young 

women and is more common in Black, Hispanic, and 

Asian populations. However, its onset involves a com-

plex interplay of genetic predispositions, environmen-

tal stimuli, hormonal factors, and immune system ab-

normalities [1,2]. The predominant clinical signs in-

clude fatigue, fever, weight loss, arthritis, pericarditis, 

anemia, and pulmonary complications [2,3]. Diagno-

sing SLE requires a combination of clinical eva-

luations and laboratory testing [2,4], including anti-

nuclear antibodies and anti-double-stranded DNA anti-

bodies, among others [4]. Renal involvement occurs in 

approximately 50% of patients and typically develops 

within the first five years after diagnosis [3,5,6]. Lupus 

nephritis must be considered in patients presenting 

with unexplained proteinuria, hematuria, or renal dys-

function-even when SLE has not been previously iden-

tified. The post-partum period is a known trigger for 

autoimmune disease exacerbations [7] due to the immu-

nological rebound following pregnancy-related immu-

ne modulation. Herein, we present a case of a patient 

with hypertension during pregnancy and diagnosis of 

SLE in the post-partum period. 

 

Case Presentation 

 

A previously healthy woman, gravida 2 para 1, 

developed elevated blood pressure at six weeks of 

gestation during her second pregnancy and was started 

on methyldopa. She delivered a healthy infant, but 

post-partum she continued to experience persistent 

hypertension and progressive bilateral lower-extremity 

edema. Eight weeks after delivery, she was presented 

for nephrology evaluation. Antihypertensive therapy 

was switched to nifedipine 20 mg. Because of 

bacteriuria, ciprofloxacin was prescribed. 

Laboratory tests revealed proteinuria ++++ and 

hematuria +++, with serum creatinine 183 µmol/L. 

The other laboratory findings are presented in Table 1. 

Renal ultrasound showed bilaterally enlarged 

hyperechoic parenchyma with calyceal dilatation, and 

no lithiasis or obstruction. Due to persistent heavy 

proteinuria and edema, the patient was hospitalized. 
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During hospitalization, echocardiography revealed 

EF≈43%. The echocardiographic report showed left 

ventricular systolic and diastolic dysfunction, with in- 

 
Table 1. Laboratory findings in patient with SLE and Lupus 

nephritis during hospitalization 

Analyse Results References 

Erythrocytes 3,9 4.2 – 5.9 ×10¹²/L 

Hemoglobin 120 ♂ 135–175 · ♀ 120–155 g/L 

PLT 203 150 – 400 ×10⁹/L 

Glycemia 5.3 3.9 – 5.6 mmol/L (fasting) 

Urea 5.5…9.3 2.5 – 7.8 mmol/L 

Creatinine 107…182 ♂ 64–104 µmol/L · ♀ 49-90 

µmol/L 

Uric acid 541…593 ♂ 210–420 µmol/L · ♀ 150-

360 µmol/L 

Total Protein 45 64 – 83 g/L 

Albumin 23 35 – 52 g/L 

AST 45 < 40 U/L 

ALT 41 < 41 U/L 

LDH 312 135 – 225 U/L 

NA 135 136 – 145 mmol/L 

K 3.7 3.5 – 5.1 mmol/L 

Ca 1.7 2.15 – 2.55 mmol/L 

P 1.9 0.8 – 1.5 mmol/L 

Triglycerides 3.7 < 1.7 mmol/L 

HDL 0.8 ♂ >1.0 · ♀ >1.2 mmol/L 

C3 0.4 0.9 – 1.8 g/L 

C4 0.1  

 

creased internal dimensions of the left-sided cardiac 

chambers and globally reduced left ventricular wall 

motion. A small circumferential pericardial effusion 

was present, measuring approximately 8 mm to the 

posterior wall of the left ventricle, 5 mm anterior to the 

right ventricle, and 4 mm anterior to the apex. A small 

bilateral pleural effusion was also present. 

Dermatologic examination showed malar erythema-

tous-desquamative plaques. Face with “butterfly rash”. 

Immunological tests demonstrated ANA positivity, 

high anti-dsDNA (225.5 IU/mL), positive anti-Sm (123 

IU/mL), and p-ANCA +++, with negative antiphos-

pholipid antibodies.  

A renal biopsy performed on the day 3, confirmed 

lupus nephritis (LUPUS NEPHRITIS class IV/V, with 

small part of class VI).  

Histopathology Report: small blood vessels show chan-

ges consistent with "onion-skin" lesions. The remaining 

tubular epithelium shows changes consistent with pro-

tein reabsorption. Considering the DIF (full house pa-

ttern), the findings are consistent with Lupus Nephritis, 

Class IV + V (±VI). 

The Activity Index was 10 and Chronicity Index 2.5, 

How it relates to Classes: Class I-Normal light mic-

roscopy; mesangial immune deposits seen only by 

IF/EM; Class II-Mesangial hypercellularity/deposits 

visible in light microscopy; Class III / IV-Focal (III) 

or diffuse (IV) proliferative lesions with subendothelial 

deposits; and Class V-Membranous pattern with 

subepithelial deposits. 

Treatment included a three days course of high-dose 

intravenous methylprednisolone (500 mg) followed by 

tapering, after that with a peroral corticosteroid thera-

py for a prolonged period. The patient received three 

doses of cyclophosphamide overall, during hospitali-

zation and three doses after that, repeated every 3 

weeks for a total 6 doses. Five plasmapheresis sessions 

were performed with satisfactory outcome [8,9]. There 

was no need for hemodialysis. The consultation with 

rheumatologists included a therapy with hydroxychlo-

roquine.  

Follow up during the next month showed improve-

ment of the results and stable state. The results are 

presented on Table 2. 

 
Table 2. Laboratory findings one month after hospitalization 

Analyse Results References 

Erythrocytes 3.7 4.2 – 5.9 ×10¹²/L 

Hemoglobin 121 ♂ 135–175 · ♀ 120–155 

g/L 

Hct 0.34  

PLT 368 150 – 400 ×10⁹/L 

Urea 8.2 2.5 – 7.8 mmol/L 

Creatinine 90 ♂ 64–104 µmol/L · ♀ 49-

90 µmol/L 

Total Protein 72 64 – 83 g/L 

Albumin 42 35 – 52 g/L 

NA 140 136 – 145 mmol/L 

K 5.0 3.5 – 5.1 mmol/L 

Ca 2.4 2.15 – 2.55 mmol/L 

P 1.9 0.8 – 1.5 mmol/L 

C3  1.6 0.8-1.4 

C4 0.2 0.2-0.5 

 

Discussion 

 

SLE is a complex autoimmune and idiopathic condi-

tion that affects connective tissues. It is characterized 

by the formation of autoantibodies, the accumulation 

of immune complexes, inflammation, and, ultimately, 

irreversible organ damage. Managing SLE patients in-

volves various approaches and lifestyle recommenda-

tions, including avoiding direct or reflected sunlight. 

The diverse clinical manifestations of SLE present a 

challenge to the clinician. Several mechanisms lead to 

a loss of self-tolerance and organ dysfunction. Impre-

ssive progress has been made over the last several 

years toward understanding how almost every aspect 

of the immune system contributes to the expression of 

systemic autoimmunity. The kidney is involved in mo-

re than half of patients with SLE and contributes signi-

ficantly to its morbidity. The contribution of autoanti-

bodies with a number of reactivities and of immune 

complexes in the expression of kidney inflammation 

has been reviewed extensively over the years.  Studies 

of the involved organs, including skin, the kidney and 

the brain, have revealed local processes that are res-

ponsible for tissue damage. Without ignoring the role 

of the autoimmune response in the organ damage, it is 
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possible that the local inflammatory processes proceed 

independently with little or no outside input. Better 

understanding of these processes should open new 

approaches to the disease treatment [8,9]. 

This case illustrates new-onset SLE presenting with 

lupus nephritis in the post-partum period. Immune re-

bound following pregnancy has likely contributed to 

the disease activation [7,10]. The combination of a 

nephrotic-range proteinuria, hematuria, malar rash, re-

duced ejection fraction, and positive autoantibodies 

pointed strongly toward lupus nephritis, that was biop-

sy confirmed [6]. Early intervention with corticoste-

roids, cyclophosphamide [8,9], and plasmapheresis re-

sulted in significant improvement. 

 

Conclusion 

 

Early recognition of lupus nephritis in the post-partum 

period is crucial for the treatment of the lupus nephri-

tis. This patient achieved complete clinical remission 

following immunosuppressive therapy and continues 

under nephrology follow-up due to the possible risk of 

relapse. 
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Abstract 

 

Peritonitis is one of the most important complications 

of peritoneal dialysis (PD) and a leading cause of PD 

failure. Most frequently, there are isolated gram-

positive microorganisms, and a minor proportion of 

gram-negative bacteria that is lately increasing. 

Herein, we present two rare cases of PD-associated 

peritonitis caused by uncommon microorganisms: 

Cellulosimicrobium cellulans and Brevundimonas 
vesicularis. 

We concluded that an early diagnosis and appropriate 

antibiotic therapy may lead to successful outcomes, 

even without catheter removal.  

 

Keywords: peritoneal dialysis, gram-negative 

microorganisms, early diagnosis, antibiotic treatment 

___________________________________________ 

 

Introduction 

 

Peritonitis is one of the most important complications 

of peritoneal dialysis (PD) and a leading cause of PD 

failure [1]. Gram-positive microorganisms are most 

commonly isolated, whereas Gram-negative bacteria 

account for approximately 15%-35% of all cases [2-4]. 

However, in recent years, a decrease in the incidence 

of Gram-positive peritonitis and a corresponding in-

crease in cases caused by Gram-negative organisms 

have been observed. Herein, we present two rare cases 

of PD-associated peritonitis caused by uncommon 

microorganisms: Cellulosimicrobium cellulans and 

Brevundimonas vesicularis. 

 

Case 1. 

 

A 49-year-old man presented to the emergency depart-

ment with a two-day history of abdominal pain and 

turbid peritoneal fluid. He has been receiving perito-

neal dialysis for 4 years. His medical history was no-

table for diabetes mellitus. At presentation, his vital 

signs were as follows: blood pressure 112/80 mmhg, 

pulse rate 100 beats/min, temperature 36 ˚C. Physical 

examination revealed no additional abnormalities ex-

cept for abdominal tenderness. The catheter exit site 

was clean and there was no findings suggestive of 

tunnel infection. Laboratory tests at admission showed 

a haemoglobin level of 14.5 g/dl, leukocyte count of 

7.26 x 10³/µL, neutrophil count of 5.23 x 10³/µL, 

platelet count of 126.000 x 10³/µL. Blood urea was 

85.4 mg/dl, creatinine was 8.16 mg/dl and C-reactive 

protein (CRP) level was 120 mg/dl. Analysis of the 

peritoneal fluid revealed a white blood cell count of 

206/μL from which 61.7% were polymorphonuclear 

leukocytes. Empirical treatment with intraperitoneal 

ceftazidime 4 g/day  and  cefazolin 4 g/day  was initiated. 

Cellulosimicrobium cellulans growth was detected in 

peritoneal fluid culture 48 hours after initation of 

therapy. According to the antibiogram results (Table 

1), cefazolin and ceftazidime were discontinued and 

intravenous vancomycin 1000 mg was initiated. As no 

dialysis failure occured during the course of  peritoni-

tis, haemodialysis was not required. On the fifth day of 

treatment, the dialysate leukocyte count decreased  to 

61/μL. The patient was discharged after completing 

the three-week course  of vancomycin therapy. 

 
Table 1. Cellulosimicrobium cellulans antibiotic 

susceptibility pattern 

Antibiotic Susceptibility 

Piperacilin/Tazobactam Resistance 

Ciprofloxacin Resistance 

Imipenem Resistance 

Colistin Resistance 

Cefepime Resistance 

Ceftazidime Resistance 

Levofloxacin  Resistance 

Vankomicin  Sensitive 

 

Case 2.   

 

A 46-year-old male patient admitted to the emergency 

department with a 2-day history of abdominal pain and 

cloudy peritoneal fluid. He has been receiving perito-

neal dialysis for 5 years. His medical history was no-

table for hypertension and coronary artery disease. At 
admission, his vital signs were as follows: blood pre-

ssure 112/80 mmHg, pulse rate 100 beats/min, fever 
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36˚C. Physical examination revealed abdominal ten-

derness, with no other abnormal findings. The catheter 

exit site was clean and there were no signs suggestive 

of tunnel infection. Laboratory investigations showed 

haemoglobin level of 15.6 g/dl leukocyte count of 6.13 

x 10³/µL neutrophil count of 4.85 x 10³/µL platelet 

count of 113.000 x 10³/µL. Serum urea and creatinine 

levels were 92 mg/dl and 6.9 mg/dl, respectively, whi-

le CRP level was 111.31 mg/dl. Analysis of the perito-

neal fluid revealed a leukocyte count of 3854/μL, of 

which 86.3% were polymorphonuclear leukocytes. 

Dialysate culture was examined due to the suspected 

peritonitis. Empirical treatment with intraperitoneal 

ceftazidime 4 g/day and cefazolin 4 g/day was initiated. 

After 48 hours, Brevundimonas vesicularis growth was 

isolated from the peritoneal fluid culture. Based on 

antibiogram (Table 2), cefazolin and ceftazidime were 

discontinued and intravenous amikacin 1000 mg was 

initiated. Since no dialysis failure occured during the 

episode of  peritonitis, haemodialysis was not required. 

On the fifth day of treatment, the dialysate leukocyte 

count was 24/ μL. The patient was discharged after 

completing a 3-week course of amikacin treatment. 

 
Table 2. Brevundimonas vesicularis antibiotic 

susceptibility pattern 

Antibiotic Susceptibility 

Piperacilin/Tazobactam Resistance 

Ciprofloxacin Resistance 

Imipenem Resistance 

Colistin Resistance 

Cefepime Resistance 

Ceftazidime  Resistance 

Levofloxacin Resistance 

Amikacin Sensitive 

 

Discussion  

 

Although the exact source of infection could not be 

determined, environmental exposure and contamina-

tion during peritoneal dialysis procedures should be 

considered. Both Brevundimonas vesicularis and 

Cellulosimicrobium cellulans have been isolated from 

environmental sources, including water and soil, sugges-

ting that accidental inoculation through contaminated 

dialysis equipment, dialysis fluids, touch contamina-

tion during exchanges, or lapses in aseptic technique may 

represent plausible routes of infection in PD patients.  

Among gram negative bacteria, Brevundimonas spp. 

are rarely implicated in human infections according to 

the available literature [5]. In a review conducted by 

Shang et al., in 2012, only 15 cases of bacteraemia 

caused by these bacteria were reported [6]. Peritonitis 

due to Brevundimonas vesicularis is extremely rare, 

and therefore, data regarding its antibiotic suscepti-

bility are limited.  

Additionally, although 31 cases of infection caused by 

Cellulosimicrobium cellulans have been reported in 

the literature, only four of these were associated with 

peritonitis [7]. In most previously reported cases, ca-

theter removal was required for a successful treatment. 

According to the 2022 ISPD guidelines, catheter remo-

val is recommended in refractory or treatment-resistant 

peritonitis [8]. In contrast, in our case, peritonitis was 

successfully treated with intraperitoneal vancomycin 

without the need for catheter removal.  

Christiadi et al., successfully treated a case of perito-

nitis caused by Brevundimonas vesicularis-associated 

peritonitis using a 21-day regimen consisting of in-

traperitoneal gentamicin (10 days), cefepime (11 days) 

and oral ciprofloxacin (11 days), based on treatment 

protocol recommended for Pseudomonas aeruginosa 

[9]. In contrast, in the case reported by Paramasivam et 

al., the peritoneal catheter had to be removed due to 

treatment resistance [5]. In our patient, antibiotic sus-

ceptibility testing revealed sensivity to amikacin and 

the patient responded well to daily intravenous ami-

kacin therapy.  

 

Conclusion  

 

In conclusion, Brevundimonas vesicularis and Cellulo-

simicrobium cellulans have been reported as rare 

causes of peritoneal dialysis-associated peritonitis. 

Early diagnosis and appropriate antibiotic therapy may 

lead to successful outcomes, even without catheter re-

moval. These cases highlight that individualized anti-

biotic selection based on susceptibility testing can be 

effective in selected patients. Furthermore, our cases 

contribute to the limited literature on these uncommon 

pathogens by demonstrating that conservative manage-

ment with targeted antimicrobial therapy may be a 

feasible alternative to the catheter removal in carefully 

selected patients who respond to treatment. Thus, these 

organisms should be considered in the differential 

diagnosis of peritonitis in patients undergoing perito-

neal dialysis. 
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Dear Editor, 

 

Immunoglobulin A nephropathy (IgAN) is the most 

common cause of primary glomerulonephritis world-

wide [1]. It was first defined in 1968 by (two kidney 

pathologists) Jean Berger and Nicole Hinglais, in kid-

ney biopsies with chronic mesangial proliferative glo-

merulonephritis associated with dominant or codomi-

nant IgA deposits observed by immunofluorescence 

[2]. Few cases (nearly 10%) are due to familial IgAN 

whereas more than 90% of IgAN cases are sporadic [3].  

The four hit model was defined for pathogenesis. The 

first hit is the production of galactose-deficient (Gd) 

IgA1 by gut including the Peyer patches, and nasal 

mucosa, second hit is the production of autoantibodies 

(IgG, IgA, or IgM) against these Gd-IgA1 which were 

secreted into blood vessels, the third hit is the forma-

tion of immune complexes, and the fourth hit is the 

binding of these immune complexes to the kidney me-

sangial cells leading to activation of proliferative, fib-

rotic, and inflammatory pathways [4,5]. 

The prevalence of IgAN differs between the countries 

(11.8% in North America, 39.5% in Asia, 22.1% in 

Europe, and 6.1% in Latin America) [6]. These variations 

in prevalence of IgAN may reflect geographical diffe-

rences in screening for kidney disease and kidney 

biopsy practices because the definitive diagnosis of 

IgAN can only be made by evaluation of a kidney 

biopsy [6]. This difference in prevalence may also be 

associated with genetic factors and environmental in-

fluences in addition to presence or absence of urinary 

screening programs and indications for kidney biopsy. 

The clinical presentation of IgAN also varies between 

the patients with a range of signs and symptoms from 

asymptomatic urine abnormality, macroscopic hematu-

ria (20-25%), to nephrotic syndrome and chronic renal 

impairement [7]. In Japan, China, and Korea, it is 

mandatory  to screen school students for early morning 

urinary hematuria [8]. Proteinuria accompanied by he-

maturia warrants a complete medical workup and 

kidney biopsy. So, exact prevalence is uncertain due to 

these differences in clinical presentations, screening 

programs for kidney diseases, and kidney biopsy indi-

cations to confirm the diagnosis. 

The clinical presentations of IgAN range from asymp-

tomatic hematuria to rapidly progressive glomerulone-

phritis. Brown, red, or cola colored urine, hyperten-

sion, acute kidney injury, frothy urine, synpharyngitic 

hematuria, hypervolemia (edema, basal lung crepita-

tions), and recurrent episodes of macroscopic hematu-

ria can be found in medical history and physical exa-

mination of patients with IgAN [3]. The diagnosis of 

IgAN should be suspected in  any patient with one or 

more episodes of macroscopic hematuria, especially if 

accompanied by an upper respiratory or gastrointes-

tinal infection, persistent microscopic hematuria (pre-

sent in 93% of the patients) with or without proteinuria 

not otherwise explained, and slowly progressive kid-

ney function impairment without any other reason [9]. 

Based on a study, patients with three or four markers 

(more than five red blood cells in urinary sediments; 

persistent proteinuria of more than 0.3 g/day; serum 

IgA levels of more than 315 mg/dL and serum IgA/C3 

ratio of more than 3.01) have the 75% risk of IgA 

nephropathy [10]. Although an elevated IgA/C3 ratio 

is still biologically plausible, and can help initial triage, 

sensitivity and sprecificity are insufficient for clinical 

decision making. KDIGO 2021 does not endorse IgA/ 

C3 ratio as a diagnostic criterion.  

Although patients with three or four markers (more 

than five red blood cells in urinary sediments; persis-

tent proteinuria of more than 0.3 g/day; serum IgA 

levels of more than 315 mg/dL and serum IgA/C3 ratio 

of more than 3.01) were reported to have the 75% risk 

of IgAN, IgAN can be diagnosed only by kidney biop-

sy by showing mesangioproliferative glomerulonephri-

tis with dominant or codominant depositions of IgA 

[9,10]. Because there are no validated serum or urine 

biomarkers for the diagnosis of IgAN yet.In order to 

ensure early and prompt diagnosis and treatment of 

IgAN, kidney biopsy is indicated for all adults with 

proteinuria ≥0.5g/d and a possible diagnosis of IgAN 

without any contraindication of kidney biopsy [11]. 

Before biopsy, serum complement levels (C3, C4, 

CH50), viral serologies (human immunodeficiency vi-

rus, hepatitis B, and C), autoantibodies (antinuclear, 

anti-double stranded DNA, antineutrophil cytoplasmic, 

extractable nuclear antigen, and antiphospholipid anti-

bodies), glycated hemoglobin (HbA1c), protein elec-
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trophoresis (older than 50 years), anti-PLA2R auto-

antibody should be evaluated if possible [12].  

Timing of kidney biopsy for the early and prompt 

diagnosis of IgAN is very important. Because by the 

time IgAN diagnosis, unfortunately more than 50% 

(74.6%) of adult patients already have chronic kidney 

disease (CKD) stage 3 or greater [13]. The delay in 

diagnosis exposes kidneys to persistent injury resulting 

in progression to irreversible kidney failure [13]. The 

prognosis among patients with IgAN also is not si-

milar, just like the differences in prevalence and clini-

cal presentations of IgAN [14]. Outcomes in IgAN co-

horts are generally worst in poor prognosis group with 

possibility of dialysis in 5 years [14]. The prognostic 

parameters are listed as age, race, proteinuria, systolic 

and diastolic blood pressure, medication used, estima-

ted GFR, and histologic score (MEST) of kidney biop-

sy [15]. Urinary albumin creatinine ratio of more than 

0.1 g/g was reported to be independently associated 

with greater risk of composite kidney events in pa-

tients with IgAN [16]. As more studies and data are 

received regarding the timing for kidney biopsy to 

achieve prompt diagnosis of IgAN, the indications for 

kidney biopsy may change accordingly. Until then, 

KDIGO 2025 clinical practice guideline should be 

followed for biopsy timing of patients with IgAN.  

Once IgA nephropathy is confirmed by kidney biopsy, 

secondary causes-including systemic diseases, chronic 

infections, malignancies, and drug exposure-should be 

actively investigated to allow early diagnosis and app-

ropriate treatment. Crohn’s disease, ulcerative colitis, 

celiac disease, HIV infection, psoriasis, cirrhosis, Lyme 

disease, malaria, osteomyelitis, cat scratch disease, re-

nal cell carcinoma, and use of dabigatran, warfarin, 

ustekinumab, should be searched in order to diagnose 

and treat early and appropriately [17]. 

In conclusion, it should be known that by the diagnosis 

of IgAN, unfortunately most of the patients already 

have severe and irreversible kidney injury. In order not 

to be late for prompt treatment of these patients, clini-

cians should be aware of the clues for the presence of 

IgAN in medical history, physical examination, urine 

and blood tests of the patients so that optimal timing of 

kidney biopsy is not missed. 
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