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Chronic Kidney Disease Stage G4 in a Diabetic Patient
Improved by Multi-Disciplinary Treatments Based Upon
Literature Search for Therapeutic Evidence
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Abstract

In the EMPA-REG OUTCOME trial, sodium-glucose cotransporter 2
(SGLT?2) inhibitor, empagliflozin, reduced incident or worsening ne-
phropathy. In the LEADER trial, a glucagon-like peptide 1 (GLP-1)
receptor agonist, liraglutide, resulted in lower rates of the development
and progression of diabetic kidney disease than placebo. Therefore, the
American Diabetes Association and the European Association for the
Study of Diabetes recommend the decision to treat high-risk individu-
als with a GLP-1 receptor agonist or SGLT2 inhibitor to reduce chronic
kidney disease (CKD) progression should be considered. A 72-year-old
male obese diabetic patient developed CKD stage G4 despite of use of
both SGLT2 inhibitor and GLP-1 receptor agonist. We started using so-
dium bicarbonate because he showed metabolic acidosis due to uremia.
We also started to use spherical carbonaceous adsorbent which adsorbs
indole, the precursor of indoxyl sulfate, uremic toxin. We started the
treatment with finerenone, a nonsteroidal, selective mineralocorticoid
receptor antagonist, which has been recently shown to lower risks of
CKD progression. Considering unfavorable effects of hyperuricemia
on CKD, to treat his hyperuricemia, we started to use dotinurad, a novel
selective urate reabsorption inhibitor, which reduces serum urate levels
by selective inhibition of urate transporter 1. The improvement of CKD
stage G4 in a diabetic patient was obtained by such multi-disciplinary
treatments in addition to SGLT2 inhibitor and GLP-1 receptor agonist.
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Introduction

Patients with type 2 diabetes at high risk for cardiovascular
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events who received sodium-glucose cotransporter 2 (SGLT2)
inhibitor, empagliflozin, as compared with placebo, had a low-
er rate of the primary composite cardiovascular outcome and
of death from any cause (EMPA-REG OUTCOMEE trial) [1].
Empagliflozin was also associated with slower progression
of kidney disease and lower rates of clinically relevant renal
events than was placebo when added to standard care such as
angiotensin-converting-enzyme inhibitor or angiotensin recep-
tor blocker (ARB) [2]. In the LEADER trial, the rate of the
first occurrence of death from cardiovascular causes, nonfatal
myocardial infarction, or nonfatal stroke among patients with
type 2 diabetes mellitus was lower with a glucagon-like pep-
tide 1 (GLP-1) receptor agonist, liraglutide than with placebo
[3]. Liraglutide also resulted in lower rates of the development
and progression of diabetic kidney disease than placebo [4].
The American Diabetes Association and the European Associ-
ation for the Study of Diabetes have briefly updated their 2018
recommendations on management of hyperglycemia, based
on important research findings from large cardiovascular out-
comes trials published in 2019 [5]. Important changes includ-
ing the decision to treat high-risk individuals with a GLP-1
receptor agonist or SGLT2 inhibitor to reduce major adverse
cardiovascular events (MACEs), hospitalization for heart fail-
ure, cardiovascular death, or chronic kidney disease (CKD)
progression should be considered independently of baseline
HbA ¢ or individualized HbA 1c target [5].

Are there any treatments in a diabetic patient who devel-
oped CKD stage G4 even with the appropriate use of ARB,
empagliflozin and liraglutide? We experienced the improve-
ment of CKD stage G4 in a diabetic patient, by multi-disci-
plinary treatments in addition to ARB, SGLT2 inhibitor and
GLP-1 receptor agonist.

Case Report

A 72-year-old male obese (body mass index: 34.2 kg/m?) dia-
betic patient was referred to us because of poor glucose con-
trol (HbAlc: 10.8%) in 2014, and he already showed overt
proteinuria because his diabetes duration was over 20 years.
We started to control glucose by basal insulin and dipeptidyl
peptidase 4 inhibitor, and his glucose control was promptly
improved to the level of HbAlc below 7%. His hypertension
and dyslipidemia have been treated by cardiologist, with beta-
blocker, carvedilol (5 mg/day), ARB, azilsartan (40 mg/day),

Articles © The authors | Journal compilation © Cardiol Res and Elmer Press Inc™ | www.cardiologyres.org
This article is distributed under the terms of the Creative Commons Attribution Non-Commercial 4.0 International License, which permits 309
unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited


https://crossmark.crossref.org/dialog/?doi=10.14740/cr1424&domain=pdf&date_stamp=2022-09-14

CKD Improved by Multi-Disciplinary Treatments

Cardiol Res.2022;13(5):309-314

Empagliflozin (25mg/day)

1.8mg
1.2mg
0.9mg
Liraglutide (daily dose) 0.3mg _0-6M9

3
2.5 /
2 /\J

1.5

0.5

Serum creatinine level (mg/dL)

20145
2015.9

2016.7
2017.8

Year. month

2017.9
2018.2

2018.8 2019.4
2018.9

2022.3

2020.3 2022.6

Figure 1. Change in serum creatinine level from May 2014 to June 2022 in a diabetic patient who developed CKD stage G4.

CKD: chronic kidney disease.

Ca?* channel blocker, nifedipine (40 mg/day), alpha-blocker,
doxazosin (8 mg/day), and rosuvastatin (2.5 mg/day). In 2017,
his serum creatinine increased to 1.25 mg/dL, and we start-
ed using empagliflozin (25 mg/day) on March 2018 (Fig. 1).
Since an elevation in serum creatinine and overt proteinuria
continued, we started to use liraglutide. His serum creatinine
levels had been decreased and been stable until 2020. Re-
cently, his renal function was remarkably deteriorated. Serum
blood urea nitrogen (BUN) and creatinine levels increased to
40 mg/dL (normal range, 8 - 20 mg/dL) and 2.43 mg/dL (nor-
mal range, 0.65 - 1.07), respectively, and estimated glomerular
filtration rate (eGFR) decreased to 22 mL/min/1.73 m2. Blood
gas analysis showed blood pH was 7.33, indicating an exist-
ence of metabolic acidosis.

We stared to treat his renal failure by multi-disciplinary
treatments based upon the therapeutic evidences for CKD.

We started to use sodium bicarbonate because he showed
metabolic acidosis due to uremia. We also started to use
spherical carbonaceous adsorbent which adsorbs indole, the
precursor of indoxyl sulfate (IS), uremic toxin. Very recently,
the treatment with finerenone, a nonsteroidal, selective min-
eralocorticoid receptor antagonist, has been shown to lower
risks of CKD progression and cardiovascular events than pla-
cebo in patients with CKD and type 2 diabetes [6]. Therefore,
we started the treatment with finerenone. He showed elevated
hyperuricemia (serum uric acid (UA), 7.9 mg/dL). High-evi-
denced studies suggest a pathogenic role of hyperuricemia in
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the development of CKD [7]. To treat his hyperuricemia, we
started to use dotinurad, a novel selective urate reabsorption
inhibitor (SURI), which reduces serum UA levels by selective
inhibition of urate transporter 1 (URATT) [8].

Changes in eGFR, BUN and urate are shown in Figure
2. The start to use sodium bicarbonate, spherical carbona-
ceous adsorbent and finerenone promptly reduced BUN and
increased eGFR. Dose-up of finerenone and the start of dotinu-
rad further decreased BUN and increased eGFR. Dose-up of
dotinurad further decreased BUN and increased eGFR with
decreased UA.

Change in urinary albumin/creatinine ratio is shown in
Figure 3. Dose-up of liraglutide reduced urinary albumin/cre-
atinine ratio from 4,928 to 3,935 and the start of sodium bi-
carbonate, spherical carbonaceous adsorbent, finerenone and
dotinurad further decreased urinary albumin/creatinine ratio
from 3,935 to 2,277.

Discussion

In the EMPA-REG OUTCOME trial, SGLT2 inhibitor, em-
pagliflozin, reduced incident or worsening nephropathy by
39%, progression to macroalbuminuria by 38%, doubling of
serum creatinine level by 44% as compared with placebo [2].
Empagliflozin might have retarded doubling of serum creati-
nine level, however, failed to suppress progression of CKD in
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Figure 2. Changes in serum BUN, eGFR and urate after June 2022 in a diabetic patient who developed CKD stage G4. BUN:
blood urea nitrogen; CKD: chronic kidney disease; eGFR: estimated glomerular filtration rate.

our patient. In the LEADER trial, the renal outcome occurred
in fewer participants in the liraglutide group than in the pla-
cebo group (hazard ratio (HR), 0.78; 95% confidence interval
(CI), 0.67 to 0.92; P = 0.003). This result was driven primar-
ily by the new onset of persistent macroalbuminuria, which
occurred in fewer participants in the liraglutide group than in
the placebo group (HR, 0.74; 95% CI, 0.60 to 0.91; P=0.004)
[4]. Liraglutide failed to reduce persistent doubling of serum
creatinine level (HR, 0.89; 95% CI, 0.67 to 1.19; P = 0.43),
renal-replacement therapy (HR, 0.87; 95% CI, 0.61 to 1.24;
P = 0.44) [4]. Liraglutide reduced urinary albumin/creatinine
ratio and temporarily reduced serum creatinine levels, how-
ever, could not suppress progression of CKD in our patient.
Are there any treatments in a diabetic patient who developed
CKD stage G4 even with the appropriate use of ARB, em-
pagliflozin and liraglutide? We experienced the improvement
of CKD stage G4 in a diabetic patient, by multi-disciplinary
treatments in addition to ARB, SGLT2 inhibitor and GLP-1
receptor agonist.

Metabolic acidosis is a common complication in CKD pa-
tients, and is associated with an accelerated decline in renal
function. Oral bicarbonate therapy has been used to counteract
metabolic acidosis in CKD. The systematic review to summa-
rize evidence from randomized controlled trials (RCTs) con-
cerning the benefits and risks of bicarbonate therapy on kid-

Articles © The authors | Journal compilation © Cardiol Res and Elmer Press Inc™

ney outcomes showed that compared with placebo or no study
medication, sodium bicarbonate retarded the decline in kidney
function (standardized mean difference (SMD), 0.26; 95% CI,
0.13 to 0.40), and reduced the risk of end-stage kidney failure
(risk ratio (RR), 0.53; 95% CI, 0.32 to 0.89). Sodium bicarbo-
nate reduced proteinuria (SMD, -0.09; 95% CI, -0.27 to 0.09).
This study suggested that sodium bicarbonate may slow CKD
progression [9]. Another systematic review and meta-analysis
showed that oral bicarbonate supplementation resulted in a
slightly higher eGFR (MD, 3.1 mL/min/1.73 m?; 95% CI, 1.3
to 4.9) at the end of follow-up compared to those given pla-
cebo or conventional CKD treatment [10].

An oral spherical carbonaceous adsorbent was approved
for clinical use in Japanese CKD patients in 1991. It adsorbs
indole, the precursor of IS, in the intestines and prevents IS
production. IS, initially identified as a major uremic toxin that
causes uremic symptoms, contributes to CKD progression. An
oral spherical carbonaceous adsorbent decreases serum IS in
a dose-dependent manner [11]. The uremic toxin IS accumu-
lates in patients with CKD as a consequence of altered gut mi-
crobiota metabolism and a decline in renal excretion. IS was
measured in 604 pediatric participants (mean eGFR, 27 mL/
min/1.73 m?) at enrolment into the prospective Cardiovascular
Comorbidity in Children with CKD study [12]. Associations
with progression of CKD were analyzed by Kaplan-Meier
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Figure 3. Change in urinary albumin/creatinine ratio after March 2020 in a diabetic patient who developed CKD stage G4. CKD:

chronic kidney disease.

analyses and Cox proportional hazard models. During a me-
dian follow-up time of 2.2 years, the composite renal survival
endpoint, defined as 50% loss of eGFR, or eGFR < 10 mL/
min/1.73 m? or start of renal replacement therapy, was reached
by 360 patients. Median survival time was shorter in patients
with IS level in the highest versus lowest quartile (1.5 years;
95% CI, 1.1 to 2.0 versus 6.0 years; 95% CI, 5.0 to 8.4), sug-
gesting the important role of uremic toxins and accentuating
the unmet need of effective elimination strategies to lower the
uremic toxin burden and abate progression of CKD.

Evidence supports a pathophysiological role for overac-
tivation of the mineralocorticoid receptor in cardiorenal dis-
eases, including CKD and diabetes, through inflammation
and fibrosis that lead to progressive kidney and cardiovas-
cular dysfunction [13]. Finerenone, a nonsteroidal, selective
mineralocorticoid receptor antagonist, had more potent anti-
inflammatory and anti-fibrotic effects than steroidal mineralo-
corticoid receptor antagonists in preclinical models [14]. Very
recently, the treatment with finerenone resulted in lower risks
of CKD progression than placebo in patients with CKD and
type 2 diabetes [6].

In the meta-analysis including 15 cohorts, RR of CKD
was 1.22 (95% CI, 1.16 to 1.28) per 1 mg/dL serum UA level
increment [15]. A systematic review and meta-analysis includ-
ing 13 studies showed a significant positive association be-

tween elevated serum UA levels and the new-onset CKD at
follow-up (odds ratio (OR), 1.15; 95% CI, 1.05 to 1.25) [16].
Hyperuricemia was found to be an independent predictor for
the development of newly diagnosed CKD in non-CKD pa-
tients (OR, 2.35; 95% CI, 1.59 to 3.46). Such high-evidenced
studies suggest a pathogenic role of hyperuricemia in the de-
velopment of CKD [7].

However, the meta-analyses failed to prove that UA-low-
ering treatments suppress the progression of CKD [17-19].
Only one recent meta-analysis showed that xanthine oxidase
inhibitors (XOlIs) significantly reduced the risk of end stage
renal disease compared to the control (three studies; RR, 0.42;
95% CI, 0.22 to 0.80) and also improved eGFR in data pooled
from RCTs with long follow-up times (> 3 months) (four stud-
ies; MD, 6.82 mL/min/1.73 m?; 95% CI, 3.50 to 10.15) and
high methodological quality (blind design) (three studies; MD,
2.61 mL/min/1.73 m?; 95% CI, 0.23 to 4.99) [20].

Hyperuricemia was classified into UA overproduction
type, UA underexcretion type, or their combined type. In Ja-
pan, prevalence of each type is estimated to be 10%, 60%, and
30%, respectively [21]. The second edition of the Japanese
management guidelines recommends the use of XOlIs, such
as allopurinol, febuxostat and topiroxostat, for overproduction
type, and uricosuric drugs, such as probenecid and benzbro-
marone, for underexcretion type [21]. In the recently revised
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Japanese management guidelines third edition, classifica-
tion of hyperuricemia is into the three types: underexcretion
type, renal load type, or combined type. The renal load type, a
newly classification concept, was changed from overproduc-
tion type because it has been understood that the conventional
overproduction type includes the extrarenal underexcretion
type (decreased uric acid excretion from the intestine) [22].
In most Japanese patients, hyperuricemia is classified into un-
derexcretion type. Thus, treatment with hypouricemic agents
that increase urinary uric acid excretion could be useful in the
majority of patients. Dotinurad, a novel SURI, reduced serum
UA levels by selective inhibition of URATT in the treatment of
hyperuricemia with or without gout [8]. ATP-binding cassette,
subfamily G2 (ABCG2) has been identified as a high-capacity
UA exporter that mediates renal and/or extra-renal UA excre-
tion [23, 24]. ABCG2 is now known to be involved as well
in UA excretion into the intestine [25]. ABCG2 is also a ma-
jor transporter of the uremic toxin, IS. ABCG2 regulates the
pathophysiological excretion of IS and strongly affects CKD
survival rates. Another uricosuric drug, benzbromarone, and
XOlIs such as febuxostat and topiroxostat were reported to in-
hibit ABCG2 [26]. Inhibition of ABCG2 may induce accumu-
lation of IS in kidney and may enhance renal UA overload by
inhibiting intestinal UA excretion. Dotinurad which reduces
renal UA reabsorption and does not inhibit ABCG2 might sup-
press progression of CKD.

Conclusion

We experienced the improvement of CKD stage G4 in a dia-
betic patient, by multi-disciplinary treatments such as sodium
bicarbonate, spherical carbonaceous adsorbent, finerenone and
dotinurad in addition to ARB, SGLT2 inhibitor and GLP-1 re-
ceptor agonist.
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