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Introduction 

Chronic kidney disease (CKD) is a condition characterized by 

abnormalities in kidney structure or function that persist for 

>3 months [1]. In patients with CKD, the glomerular filtration 

rate (GFR), a widely accepted indicator of kidney function that 

reflects the kidney’s excretory capacity, decreases to <60 mL/

min/1.73 m2 [1]. The outcome of CKD can be predicted based on 

the cause, stage, and other clinical factors [1,2]. The staging of 

CKD is primarily based on the GFR and the degree of protein-

uria, except in children aged <2 years. In this age group, the nor-

mal GFR is lower than that of children aged >2 years, and it may 
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vary with changes in glomerular size and permeability [3]. 

Pediatric CKD occurs at a rate of 7.7 to 38 cases per million 

age-related populations, with variations depending on regions 

and races [4]. Considering the subtle or even limited manifesta-

tions of CKD, the actual incidence of CKD might have been un-

derestimated. Children with CKD usually experience a decline 

in their kidney function at a rate of 1.5–4.3 mL/min/1.73 m2 per 

year; however, the rate varies depending on the cause of CKD [5-

7]. Although the causes of pediatric CKD vary, the distribution 

based on age is similar globally. Congenital anomalies of the 

kidney and urology tract (CAKUT) are commonly encountered 

in infants, nephrotic syndrome in childhood, and glomerulone-
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phropathies in adolescents [8-10]. Overall, CAKUT account for 

the largest portion of CKD cases (42%–59%), followed by glo-

merulopathy (5%–25%) and cystic disease (3.5%–14%) [4,8,10]. 

For years, treatment approaches for slowing the progression 

of CKD had relied on supportive methods such as control of 

proteinuria and blood pressure, anemia correction, and avoid-

ance of exacerbating factors in addition to management of 

underlying disease [11]. Recently, a range of medications have 

been developed that are reportedly effective in slowing the de-

terioration of kidney function and ultimately delaying the need 

for kidney replacement therapy (KRT). Herein, I have reviewed 

the approved medications that are known to slow down the 

progression of CKD and explored their applicability in pediatric 

patients with CKD. 

Pathogenesis and risk factors of CKD pro-
gression 

Despite the different underlying causes, CKD tends to progress 

similarly, with the kidney adapting to the loss of nephrons. As 

CKD advances, there is a reduction in the number of nephrons 

and overall kidney mass, whether acquired or congenital. In 

response, the surviving nephrons increase their filtration via 

the elevation of blood pressure and dilation of afferent vessels 

to address the existing excretory needs and maintain the total 

GFR. This compensation leads to intraglomerular hypertension 

and glomerular hyperfiltration in individual nephrons [12]. The 

increased filtration in a single nephron causes glomerular per-

meability changes, which leads to an increase in protein flux, 

including that of albumin. This process can contribute to me-

sangial proliferation, glomerular sclerosis, and ultimately, CKD 

progression [13,14]. In addition to hyperfiltration, mitochondrial 

dysfunction, caused by increased oxidative stress and uremic 

toxin, may contribute to the progression of CKD and its cardio-

vascular complications [15]. 

The duration until patients with CKD progress to end-stage 

kidney disease (ESKD) typically varies, ranging from 4.5 to 8.2 

years, depending upon the underlying cause of CKD [6,16]. The 

progression tends to be more rapid in older patients (>12 years 

old), those with glomerular diseases, and those at higher CKD 

stages [2,6,16-18]. Additionally, patients with uncontrolled 

hypertension, higher urinary protein-to-creatinine ratio, ane-

mia, hypocalcemia, and hyperphosphatemia are at a higher 

risk of experiencing a faster deterioration of kidney function 

[6,7,16,18]. 

Although the mechanism of CKD progression is not fully un-

derstood, the pathophysiology can be a target for medications 

that slow down the rate of decline in kidney function. By com-

prehending the processes and mechanisms involved in CKD 

progression, strategies and interventions can be developed to 

protect the kidneys from further damage. 

Treatment for patients with CKD 

Currently, there are no specific medications designed for the 

treatment of CKD. To prevent the progression of CKD, strict 

blood pressure control is recommended along with maintain-

ing adequate levels of hemoglobin, bicarbonate, calcium, and 

vitamin D [11]. Additionally, although evidence is limited, regu-

lar physical activity is advised to lower blood pressure and body 

weight, and to improve mental health [19,20]. Given the diverse 

etiologies of CKD, adequate strategies that address the underly-

ing mechanisms may be employed, such as immunosuppres-

sants for glomerulonephritis [21]. 

Because children with CKD are prone to complications, it is 

crucial to implement intensive monitoring of growth and de-

velopment, blood pressure, and nutrition. Regular assessments 

and timely interventions can help address these complications 

and contribute to the overall well-being of children with CKD. 

According to the CKD stage, the following recommendations 

have been made: protein intake should be within 100%–140% of 

the dietary reference intake (DRI), calcium within 100%–200% 

of the DRI, and phosphorous within 80%–100% of the DRI with 

frequent evaluation and monitoring [22]. 

In addition to controlling aggravating factors, the use of new 

medications could assist in delaying the progression of CKD. 

Based on the pathophysiology of CKD progression, several 

medications are currently used, ranging from angiotensin-con-

verting enzyme inhibitors (ACEIs) and angiotensin receptor 

blockers (ARBs), which have been used from the 1980s, to sodi-

um-glucose cotransporter 2 inhibitors (SGLT2-Is), which have 

recently been found to be promising in various disease. 

ACEIs and ARBs 

The renin-angiotensin-aldosterone system (RAAS), which 

preserves the fluid volume and electrolytes by reducing the 

urinary salt excretion, has been a therapeutic target for the 

treatment of vascular diseases [23]. ACEIs block the conver-

sion of angiotensin I to angiotensin II, while ARBs selectively 

block angiotensin II type 1 receptors, responsible for the main 
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effects of RAAS (Fig. 1) [23]. ACEIs and ARBs are known to pre-

serve kidney function by reducing the glomerular permeability 

to proteins [24]. They alleviate glomerular hypertension and 

lower blood pressure, while also reducing the levels of cyto-

kines related to inflammation [25,26]. Consequently, to lower 

blood pressure and proteinuria, guidelines recommend ACEIs 

or ARBs as first-line medications for blood pressure control in 

both adults and children [19,27]. 

The protective effects of ACEIs or ARBs on the kidneys have 

been reported in children, just as they have been reported in 

adults with CKD. The ESCAPE trial (ClinicalTrials.gov number, 

NCT00221845), a randomized clinical trial (RCT) examining 

the efficacy of blood pressure control, demonstrated that strict 

blood pressure control in children with CKD stages 2 to 4 and 

hypertension delay the deterioration of kidney function. After 

5 years of ramipril use, the intensified control group showed 

a lower rate of 50% reduction in GFR or progression to ESKD 

compared to the conventional control group (70.1% vs. 58.3%; 

hazard ratio [HR], 0.6; 95% confidence interval [CI], 0.44–0.94; 

P=0.02) [28]. 

An observational study from Chronic Kidney Disease in Chil-

dren, a pediatric multicenter cohort of 851 CKD pediatric pa-

tients in the United States, showed that 472 children with RAAS 

blockers had a significantly lower urine protein-to-creatinine 

ratio compared to those with discontinuation of RAAS blockers 

(0.45 vs. 1.54, P<0.05). Moreover, those who continued RAAS 

blockers exhibited a higher GFR (47 mL/min/1.73 m2 vs. 26 mL/

min/1.73 m2, P<0.05) after a median follow-up of 4.1 years [29]. 

Additionally, the continuous use of RAAS blockers was asso-

ciated with a lower risk of KRT compared to non-use (HR, 0.63; 

95% CI, 0.46–0.87) [29]. 

Approximately 10% of individuals using ACEIs may experi-

ence a dry cough, and the occurrence of angioedema is rare [30]. 

Furthermore, both ACEIs and ARBs can cause hyperkalemia, 

hypotension, and decline in kidney function [30,31]. 

Certain clinical trials have reported the efficacy of dual 

blockade in patients with hypertension and/or proteinuria. 

However, dual therapy may increase the risk of hyperkalemia, 

hypotension, and increased creatinine levels when compared 

with monotherapy [32,33]. In children, no consistent results 

have been obtained regarding the effects of dual therapy in 

reducing proteinuria and/or delaying the progression of CKD 

[34]. 

Mineralocorticoid receptor antagonists 

Aldosterone, stimulated by angiotensin II and released from 

the adrenal cortex, binds to the mineralocorticoid receptor (Fig. 

1). This binding increases sodium and water reabsorption while 

enhancing potassium excretion in kidney tubules, ultimately 

resulting in elevated blood pressure [35]. The increased activa-

tion of mineralocorticoid receptor signaling contributes to in-

flammation and fibrosis, which plays a role in the deterioration 

of target organs such as heart and kidney [35,36]. 

Steroidal mineralocorticoid receptor antagonists (MRAs), 

spironolactone or eplerenone, reportedly reduce proteinuria 

and blood pressure more than ACEIs and/or ARBs alone or a 

placebo [35,37]. Even in patients with ESKD, steroidal MRAs 

reduce the risk of mortality, including cardiovascular-related 

Fig. 1. The renin-angiotensin-aldosterone system. ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blocker; AT1 receptor, 
angiotensin II type 1 receptor; MRA, mineralocorticoid receptor blocker.
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mortality [35,38]. However, the increased risk of hyperkalemia 

limits the use of steroidal MRAs in clinical practice, especially in 

patients with CKD, diabetes mellitus (DM), or heart failure [39]. 

Additionally, gynecomastia, stemming from the antiandrogen-

ic effects of spironolactone, and the risk of acute kidney injury 

might increase with the use of steroidal MRAs [37].  

Finerenone, the only approved non-steroidal MRA known for 

its enhanced selectivity and potency, was approved in the Unit-

ed States in 2021. In Korea, it was approved in February 2024 for 

adults with diabetic CKD stages 2 to 4 who have persistent pro-

teinuria despite maximal treatment with ACEIs or ARBs. Based 

on the FIDELIO-DKD (ClinicalTrials.gov number, NCT02540993) 

and FIGARO-DKD (ClinicalTrials.gov number, NCT02545049) 

studies [40,41], FIDELITY analysis revealed the favorable effects 

of finerenone on cardiovascular and kidney outcomes in pa-

tients with diabetic kidney disease when compared to placebo. 

When 13,026 patients were randomized 1:1 and were followed 

up for a median 3.0 years, cardiovascular events were less fre-

quent in patients treated with finerenone (n=825, 12.7%) com-

pared to those treated with a placebo (n=939, 14.4%) (HR, 0.86; 

95% CI, 0.78–0.95). Similarly, kidney events were significantly 

fewer in the finerenone group (n=360, 5.5%) compared to the 

placebo group (n=465, 7.1%) (HR, 0.77; 95% CI, 0.67–0.88) [42]. 

However, clinical trials in CKD patients without type 2 DM have 

not been conducted. An RCT to verify the antiproteinuric effect 

and safety of finerenone in children with CKD, FIONA (Clinical-

Trials.gov number, NCT05196035) [43], is underway. Similar to 

previous MRAs, finerenone is also associated with hyperkale-

mia, which may necessitate discontinuation of the medications 

or hospitalization [42]. 

SGLT2-Is 

SGLT2-Is lower the blood glucose levels with less adverse ef-

fects in patients with DM by inhibiting glucose and sodium 

reabsorption in the proximal renal tubules [44]. Additionally, 

by increasing natriuresis and glycosuria, SGLT2-Is decrease 

plasma volume, intraglomerular hyperfiltration, and systemic 

blood pressure [45]. These effects lower proteinuria, which 

slows the rate of decline in GFR and decreases the risk of heart 

failure [45]. In addition to its protective effects against cardio-

vascular event in patients with DM [46], SGLT2-Is could also 

improve the kidney events, such as doubling of the serum cre-

atinine level, initiation of KRT, or kidney disease-related death, 

in patients with DM [47,48]. 

The DAPA-CKD trial (ClinicalTrials.gov number, NCT0303 

6150), the RCT involving 4,304 patients with a GFR of 25–75 mL/

min/1.73 m2 and proteinuria, demonstrated that regardless of 

the presence of DM, the use of dapagliflozin improves the kid-

ney events in patients with CKD (HR, 0.56; 95% CI, 0.45–0.68; 

median follow-up of 2.4 years) [49]. In patients with IgA ne-

phropathy-induced CKD, 14.1% of whom had type 2 DM, the use 

of dapagliflozin over a median 2.1 years significantly improves 

the kidney events (HR, 0.29; 95% CI, 0.12–0.73) [50]. However, in 

104 patients with CKD due to focal segmental glomeruloscle-

rosis, who had a higher urinary protein-to-creatinine ratio of 

a median 1,248 mg/g compared to a median 949 mg/g in the 

total patients of the DAPA-CKD trial, the use of dapagliflozin 

over a median 2.4 years did not significantly improve the kidney 

events (HR, 0.62; 95% CI, 0.17–2.17) [49,51]. Furthermore, it did 

not demonstrate a notable difference in the change in GFR (−3.7 

mL/min/1.73 m2 per year vs. −4.2 mL/min/1.73 m2 per year: dif-

ference 0.5; 95% CI, −0.9 to 2.0) [51]. In Korea, dapagliflozin and 

empagliflozin have been approved for adults with type 2 DM, 

chronic heart failure, and CKD. However, ipragliflozin and er-

tugliflozin have only been approved for lowering serum glucose 

in adults with type 2 DM. 

In contrast to the number of studies conducted in adults, the 

number of studies in children is limited, with only one small-

sized study involving eight patients. This study showed the anti-

proteinuric effect of dapagliflozin (2.1 g/m2/24 hr at baseline; 1.5 

g/m2/24 hr after 12 weeks; P<0.05). However, there was a slight 

decrease in GFR (109.2±32.0 mL/min/1.73 m2 at baseline vs. 

103.8±28.2 mL/min/1.73 m2 after 12 weeks, P=0.048) [52]. 

When treated with SGLT2-Is, patients are prone to urogenital 

infections, blood volume depletion, euglycemic diabetic keto-

acidosis, bone fractures, lower limb amputation, and necrotiz-

ing fasciitis of perineum, known as Fournier’s gangrene [53,54]. 

An acute dip in GFR after medication initiation can occur [47-

49], and this has been attributed to the vasoconstriction of the 

afferent arteriole because of natriuresis in the proximal tubule. 

Furthermore, the acute dip in GFR is reportedly not associated 

with long-term kidney injury [55].  

Currently, many clinical trials to investigate the efficacy of 

SGLT2-Is in patients with various kidney disease are under-

way; dapagliflozin in patients with Alport syndrome (Clinical-

Trials.gov number, NCT05944016) including adolescents aged 

10 to 18 years old, empagliflozin in patients with polycystic 

kidney disease (ClinicalTrials.gov number, NCT06391450), 

and the combined use of SGLT2-Is and MRAs in patients 

with diabetic kidney disease (ClinicalTrials.gov number, 
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NCT05254002) [56-58]. Clinical trials in pediatric CKD patients 

are slated to commence in 2025. 

Tolvaptan use in patients with ADPKD 

Autosomal dominant polycystic kidney disease (ADPKD) is 

one of most common monogenic causes of CKD, with approxi-

mately 50% of ADPKD patients progressing to ESKD [59]. While 

kidney function in children with ADPKD tends be preserved, it 

remains one of the major causes of pediatric CKD [4,8,59]. It is 

recommended to control hypertension with RAAS inhibitors 

in both adults and children with ADPKD and hypertension [60]. 

Because total kidney volume (TKV) in ADPKD correlates with 

the cyst burden, associated symptoms such as pain, hyper-

tension, proteinuria, and hematuria, as well as deterioration 

of kidney function [60], TKV is investigated as a marker of the 

treatment effects. 

Tolvaptan, a selective vasopressin V2 receptor antagonist, 

inhibits the binding of arginine vasopressin to V2 receptors. 

Consequently, it reduces intracellular cyclic adenosine mono-

phosphate level, which is believed to be the main pathway of 

cystogenesis in ADPKD [61]. In the TEMPO 3:4 trial (ClinicalTrials.

gov number, NCT00428948), tolvaptan treatment over 3 years 

was shown to decrease the rate of increase in TKV (2.80%/yr 

vs. 5.51%/yr, P<0.001) and slow the decline in GFR (−2.61 [mg/

mL]−1 per year vs. −3.81 [mg/mL]−1 per year, P<0.001) compared 

to placebo in patients with ADPKD and a GFR > 60 mL/min/1.73 

m2 [62]. Even in the later stages of CKD, the use of tolvaptan pro-

duces a slower decline in estimated GFR (−2.34 mL/min/1.73 m2 

vs. −3.61 mL/min/1.73 m2, P<0.001) [63]. Based on these results, 

the European Renal Association recommended tolvaptan as 

the first-line medication for patients with ADPKD [64]. In Korea, 

tolvaptan was approved for adults with both CKD stage 2 to 3 

and rapidly progressive ADPKD (Mayo class 1C to 1E in imaging 

tests). In an RCT conducted on pediatric patients with ADPKD 

(ClinicalTrials.gov number, NCT02964273), although the urine 

osmolarity and urine specific gravity decreased after 12 months 

of tolvaptan treatment, there were no significant changes in 

the TKV (tolvaptan vs. placebo: 2.3% vs. 5.8%, P=0.12) and GFR 

(1.9 mL/min/1.73 m2 vs. −1.8 mL/min/1.73 m2, P=0.11) [65]. Patients 

treated with tolvaptan are likely to experience adverse events 

related to increased urination, including thirst, polyuria, noctu-

ria, and polydipsia. In addition, they may have elevated levels of 

liver enzyme levels [62,63,65]. 

AST-120 

AST-120 (KREMEZIN), a spherical adsorptive carbon, is used 

for the treatment of uremic symptoms and for delaying di-

alysis. It adsorbs uremic toxins and their precursors in the 

gastrointestinal tract. The efficacy of AST-120 in patients is 

controversial. Some studies have reported that the use of AST-

120 could reduce the change in creatinine clearance and delay 

the initiation of dialysis [66,67]. However, other studies have 

suggested that while the use of AST-120 may lower serum or 

urine indoxyl sulfate, an assumed uremic toxin, it does not af-

fect serum creatinine level and delay the need for dialysis [68-

70]. Furthermore, increasing dosages or long-term use of AST-

120 does not produce significant differences in the change in 

serum creatinine levels or GFR [68]. Moreover, AST-120 does 

not alleviate patients’ discomfort [68-70]. However, there have 

been no RCTs demonstrating the effects of AST-120 in children. 

Additionally, the pediatric use of AST-120 is not considered due 

to concerns about potential disturbance of nutrient absorption 

and discomfort. Therefore, further studies are necessary to de-

termine the efficacy and safety of AST-120 use in pediatric CKD. 

AST-120 reportedly produces gastrointestinal complications 

(constipation, vomiting, and nausea), decreased appetite, and 

dermatological disease [66,68,70].  

Conclusion 

To preserve kidney function, various medications can be used 

in addition to classical supportive care in adults with CKD. 

However, in pediatric patients with CKD, there is a lack of evi-

dence regarding the efficacy and safety of such drugs, except 

for ACEIs and ARBs. Therefore, before using such medications, 

their benefits and adverse effects should be considered. 
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