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Overhydration: A cause or an effect of kidney damage and how to treat it
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Abstract

Volume overload can be both the cause and effect of chronic kidney disease (CKD). Overhydration often
accompanies renal insufficiency. In cardiovascular disease (CVD), fluid overload can also be the cause of renal
function impairment. Beside salt restriction, loop diuretics are the first-line therapy. Frequently developed
resistance can be overcome by switching to intravenous administration, adding albumin alone or in combina-
tion with other diuretics. Transient factors like infection or contrast media can impair diuretic response and
contribute to congestion. Apart from conservative management, ultrafiltration (UF) and peritoneal dialysis
(PD) are used. In huge congestion with inadequate diuretic effect, hemodialysis with UF plays an important
role as a temporary or permanent remedy. An increasing amount of data indicates that sodium-glucose co-
transporter-2 inhibitors (SGLT2i) have allowed for a breakthrough in controlling fluid volume in diabetic and
non-diabetic patients with CKD. Sodium-glucose cotransporter 2 inhibitors show cardio- and renoprotective
effects and have a positive impact on hard cardiovascular and renal endpoints.
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Introduction

A patient exhibiting legs swelling, orthopnea and short-
ening of breath with known heart failure (HF) or diabe-
tes mellitus (DM) can develop deterioration of kidney
function. If correcting the redundant amount of fluid,
regardless of the intervention, restores kidney function,
we can assume that overhydration was the cause of renal
injury. Progressively declining glomerular filtration rate
(GFR) in the course of renal disease results in hyperten-
sion, sodium retention and fluid overload. In anuric pa-
tients, overhydration, as the effect of kidney damage, can
be life threatening. The most frequent clinical situation
is the mixture of the 2 examples mentioned, best described
as cardiorenal syndrome (CRS) with overhydration as a net
effect. In the last few years, new data about how overhydra-
tion correction is beneficial has been published.

Do we have enough
good quality data in CKD?

Circulatory system abnormalities occur frequently
in patients with chronic kidney disease (CKD). Overhy-
dration is one of the symptoms resulting predominantly
from cardiovascular disease (CVD) cardiac insufficiency.
Unfortunately, there is still not enough data of sufficient
quality to fully understand the cardiorenal interactions.
The problem should not be downplayed, because CKD
in various stages affects over 850 million people worldwide,
which doubles diabetes and exceeds twentyfold cancer oc-
currence. Because of the often insidious course of the dis-
ease, many patients are unaware not only of the existence
of CKD itself, but also of the potential complications, in-
cluding CVD. It should be emphasized that almost half
of CKD patients die because of major cardiac events.!

Cardiorenal syndromes

Overhydration can be perceived in the context of car-
diorenal crosstalk, which is bidirectional. The systematic
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classification of the organ interactions was proposed
at the consensus conference of the Acute Dialysis Qual-
ity Initiative in 2008.2 An interdisciplinary group of ex-
perts and opinion leaders categorized CRS into 5 classes
on the basis of the primarily underlying pathology and its
acute or chronic character: acute cardiorenal syndrome
(type 1), chronic cardiorenal syndrome (type 2), acute reno-
cardiac syndrome (type 3), chronic reno-cardiac syndrome
(type 4), and secondary cardiorenal syndromes (type 5).
Vicious cycle of sodium and water retention is a hallmark
of most frequent CRS type 2 (Fig. 1).

Although the cardiovascular mortality among he-
modialysis patients is intuitively more understandable,
it has been proven that even patients in earlier stages
of CKD are at higher CVD risk.> Among CVDs, there
is the lethal triad: congestive HF, acute myocardial
infarction (MI) and sudden cardiac death that take
the largest toll.* Already microalbuminuria, even with
preserved GFR, speaks for cardiovascular mortality,?
and the influence of estimated glomerular filtration
rate (eGFR) on the major adverse cardiovascular events
risk is direct.” Furthermore, CKD patient is less likely
to progress to end-stage renal disease (ESRD) than
to pass away because of CVD.® On the basis of numer-
ous analyses including large database examination con-
sisting of over million patients,” it should be concluded
that CKD is one of the most significant risk factors for
cardiovascular events.? The up-to-date World Health
Organization (WHO) charts to evaluate ten-year car-
diovascular mortality ratio do not include CKD as a risk
factor, while CKD is not less meaningful in this regard
than encompassed DM.%8 This may lead to underestima-
tion of its meaning.

Overhydration: An effect

Chronic kidney disease inevitably causes volume over-
load in more advanced stages. It leads to hypertension,
arterial stiffness, the shift of the fluids to the third space,
left ventricular hypertrophy, and the development of HE.>1°
Volume overload is believed to be the most common mor-
tality risk factor in CKD.!*!! Hypervolemia is an adverse

Fig. 1. Vicious cycle of sodium and water
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prognostic factor not only for patients undergoing renal
replacement therapy, but also for those in pre-dialysis sta-
dium. It is an independent risk factor for the development
of cardiac dysfunction.!?

Overhydration: A cause

It is agreed that good delivery of blood to the kidneys
is vital to preserve their function, but the proper outflow
is not less important. “Congestive kidney failure”!? could
be a good description of a pathology that takes place in pa-
tients with diastolic HF and CKD. It is believed that so-
dium retention is always connected to water expansion,
a primary therapeutic target, and it increases central ve-
nous pressure (CVP). The association of CVP and kidney
function impairment and higher all-cause mortality was
described in a study where cardiovascular patients un-
derwent the catheterization of the right heart.'* Although
some doubts in blocking activated both renin—angioten-
sin—aldosterone system (RAAS) and sympathetic system
exist, the need to lower CVP to treat congestion appears
to be unquestionable.!* In chronic HF, diastolic dysfunc-
tion, which coexists with increased filling pressure, is often
accompanied by kidney failure (Fig. 1); the diastolic dys-
function progression worsens the mortality outcomes.!
The exact pathomechanism is yet not well understood,
but the interstitial overpressure and venous congestion,
described together as increased renal afterload, seems
to play an important role.!> One must remember that tran-
sient exposition to inflammatory mediators, endotoxins
or changed bowel wall permeability can be additional pro-
congestive factors (Fig. 2). Sometimes, a proper antibiotic
course can break diuretic resistance by lowering inflam-
matory response.

Transient pro-congestive factors:
- inflammatory mediators;
- high bowel wall permeability (edema);
- NSAID;
- contrast media

Renal

congestion

Increase renal interstitial pressure
Local hypoxia

Decrease in transglomerular pressure

Compression of the tubules

Lower GFR

Fig. 2. Pro-congestive factors and renal congestion consequences

Treatment

Regardless of the direction of interactions between over-
hydration and the kidneys, effective dehydration is crucial.
The therapeutic strategy should be subtly tailored, because
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the window for fluid balance in cardiorenal patients is nar-
row. The universal recommendation for the majority of pa-
tients with CKD - low dietary sodium delivery — should
be the first step.!® In more advanced CKD or HF exacerba-
tion, such management is insufficient and pharmacological
treatment should be introduced.

Loop diuretics

The most frequently used class of diuretics in HF are
loop diuretics, which work in the loop of Henle; furosemide
and torsemide are the most common among them. The in-
evitable, but also undeniable side effect of loop diuretics
is the increased activity of sympathetic nervous system
(SNS) and RAAS.

Loop diuretics relieve congestion but do not change
mortality and rehospitalization rate in the short and long
term.t” The decrease in its effect in the course of time
is a common phenomenon, resulting in the reduction of so-
dium and chloride elimination; the causes are multiple.
Pharmacodynamics and pharmacokinetics play an im-
portant role. Loop diuretics are highly bound to serum
proteins and require secretion into the proximal tubule
to be active. This Na/K/2Cl pump is located on the lumi-
nal side of the nephron. Therefore, loop diuretics must
reach the tubular fluid to be active. Hence, in patients with
severe renal insufficiency (e.g., GFR < 15 mL/min), larger
doses of loop diuretics are required to achieve effective
concentrations.'® The various loop diuretics differ in intes-
tinal absorption, especially with an edematous bowel wall
present in decompensated HF. Reduced drug excretion
to the lumen of the tubule, reduced filtered load of sodium
and increased RAAS and SNS activation due to HF-related
underfilling and extracellular fluid volume (ECFV) deple-
tion, which attenuates the peak effect of the diuretic, also
contribute to the resistance.!*?? The vasopressin release,
enhanced by angiotensin II and baroreceptor-mediated
mechanism in more advanced HF, increases nephron water
reabsorption.?! The braking phenomenon, which impairs
sodium loss in the course of time, distal tubular hypertro-
phy and hypochloremia, which plays a role in the activation
of neurohormonal activity, can also contribute to diuretic
resistance.?? The attempts to break the resistance encom-
pass more frequent dosing, sometimes multiple times per
day,?? as well as adjusting the dose to the renal function,
intravenous administration of the drug and switching from
furosemide to torsemide or bumetanide.'®

The combination of different diuretics is another step
to break the resistance. Blocking sodium reabsorption
in different sections of nephron seems to be the key target.

Loop diuretic act from the lumen and are responsible for
inhibition of Na/K/CI2 cotransporter in thick ascending
loop of Henle and macula densa. They inhibit the trans-
porter by binding within the translocation pocket through
the chloride-binding site. The use of loop diuretics leads
to the increase of sodium concentration in distal parts
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of nephron and stimulates sodium reabsorption through
the intensification of Na/Cl cotransporter activation,
which is one of the resistance mechanisms.?

Thiazides and thiazide-like drugs also act from the lu-
men through the inhibition of Na/Cl cotransporter in dis-
tal convoluted tubule, and, as a result, decrease sodium
reuptake. Although their effectiveness finishes with
the drop in eGFR below 30 mL/min/1.73 m?, the combi-
nation of loop diuretics with thiazides to the certain point
is justified.

Mineralocorticoid receptor antagonists (MRAs) — spi-
ronolactone and eplerenone — have been shown to im-
prove morbidity and mortality in HF patients, for example
in RALES study. They inhibit the aldosterone receptors
in distal nephron and collecting tube, reducing Na channel
and Na/K ATPase. One must remember that all the di-
uretics that target collecting tubule can cause hyperka-
lemia; therefore, they are not often used in HF patients.
This, however, can be controlled by giving concomitant
loop diuretic, oral bicarbonate (if acidosis is confirmed)
or potassium binders in gut. Natriuretic doses need to be
greater than 25 mg/day of spironolactone or 50 mg/day
of eplerenone.

Tolvaptan

Tolvaptan, a selective antagonist for the vasopressin re-
ceptor V2, was investigated in the EVEREST trial to assess
its usefulness for inpatient HF individuals. It diminished
dyspnea, edema, body weight, and serum sodium level, but
did not affect overall survival, mortality connected with
CVD and hospitalizations for HF.2*

Ultrafiltration

When diuretic response is poor or the resistance to di-
uretic therapy develops and the heart or kidney insuffi-
ciency deteriorates, ultrafiltration (UF) is a solution worth
considering.?> In comparison to loop diuretics, it warrants
decongestion with more efficient sodium loss and lower
RAAS stimulation.” Several randomized trials were con-
ducted to investigate the potential benefits of UF strategy.

RAPID-CHF (Relief for Acutely Fluid-Overloaded Pa-
tients with Decompensated Congestive Heart Failure) and
UNLOAD (Ultrafiltration vs Intravenous Diuretics for Pa-
tients Hospitalized for Acute Decompensated Congestive
Heart Failure) trials showed superiority of UF in the loss
of fluid over diuretic therapy.?®*” In CUORE (Continuous
Ultrafiltration for Congestive Heart Failure) trial, weight
loss effect was similar in both UF and diuretic groups,
but the increase in serum creatinine in the group treated
with diuretics and a minor incidence of HF rehospitaliza-
tions in HF group were observed.? CARRESS-HF (Car-
diorenal Rescue Study in Acute Decompensated Heart
Failure) study revealed similar weight loss effect in UF
and diuretic patients, but also the worsening of serum
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creatinine results and greater adverse effects ratio in pa-
tients undergoing UF.?° Also, in AVOID-HF (Aquapheresis
vs Intravenous Diuretics Hospitalizations for Heart Fail-
ure) study, greater adverse events ratio in UF patients were
underlined, while no significant difference in three-month
rehospitalization between the diuretic and the UF group
was observed. The trial was terminated prematurely due
to slow enrollment.3°

Sustained low-efficiency dialysis (SLED) is carried out
in patients with NYHA (New York Heart Association)
class IV with good clinical effect. Although this solution
requires central vascular access, it offers better hemody-
namic stability in critically ill patients. The single SLED
session, in comparison to conventional hemodialysis, lasts
longer (6—12 h) and uses lower blood (50-200 mL/min)
and dialysate (200—400 mL/min) flow. Fluid volume is re-
moved slowly over a longer time, ensuring hemodynamic
stability.3-32

Peritoneal dialysis

The usefulness of peritoneal dialysis (PD) in the man-
agement of volume excess in patients with refractory HF
and renal failure is justified by greater sodium removal
compared with traditional diuretic strategies. Recently,
both nephrologist and cardiologist appreciate this modal-
ity in CRS.33:3%

For CRS type 1, tidal PD was found to be a safe and
effective mean of removing toxins and large quantities
of excess fluid. In a small randomized study, it was superior
to UF therapy when the preservation of renal function,
improvement of cardiac function and net fluid loss was
considered.3> Moreover, a higher rate of adverse events was
noticed in the UF arm. A prospective Brazilian study also
confirmed the high-volume PD (prescribed Kt/V = 0.50/
session) as effective in CRS type 1 patients, allowing ad-
equate metabolic and fluid control.

In chronic HF with CKD, when eGER falls below 25 mL/
min/1.73 m?, peritoneal UF may improve daily functioning
and reduce hospitalizations. A systematic review prepared
by Ronco group assessed the efficacy of PD in patients
with refractory CHF.3* Twenty-one studies encompassed
673 patients; the authors suggested that in patients with
refractory CHF, PD can be an effective and safe treatment
option, leading to heart function improvement and better
weight control.

Wojtaszek et al. showed the efficacy of peritoneal UF
with nightly, 12-hour, 7.5% icodextrin exchange in the long-
term treatment of refractory HF in the majority of NYHA
class IV patients.® One overnight icodextrin exchange ap-
peared to be a promising therapeutic option as an adjunct
to pharmacological management. The authors emphasized
that the treatment can have a great impact on the quality
of life and the total treatment costs.

In recent years, even more studies confirmed PD
as a safe and feasible palliative treatment for refractory
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CHF in type 2 CRS.¥” Pavo et al. analyzed multiple fac-
tors to identify patients with refractory HF and congestive
right ventricular dysfunction who would benefit most from
PD.38 Patients with more pronounced backward failure,
less marked residual renal functional impairment and
those not dependent upon others for assistance are likely
to profit most from PD.

In summary, PD should be taken under consider-
ation when refractoriness to conservative therapy ap-
pears. Typical clinical situations, such as persistent right
heart congestion, ascites with intensified diuretic treat-
ment, >2 hospitalizations within 6 months because of car-
diac decompensation despite optimal medical treatment,
or acute renal failure during intensified conservative treat-
ment of cardiac decompensations are those in which PD
should be considered.

The special group of patients: Diabetics

Diabetes mellitus is the most frequent cause of CKD
in the world and is an independent death risk factor
in the course of CVD.?® According to post hoc ACCORD
trial analysis, in diabetic patients, CKD and/or CVD wors-
ens the all-cause mortality and cardiovascular events
prognosis.* Therefore, modern anti-diabetic drugs are
expected to be not only a good hypoglycemic effect, but
also nephro- and cardioprotective result are expected.

Because of its beneficial characteristics, such as low
price, safety of use and possible benefits on cardiovascu-
lar system, metformin is the first-line drug.*! It does not
have to be ceased in CKD patients, even if the eGFR falls
below 45 mL/min/1.73 m?, and, under appropriate surveil-
lance, can be used up to 30 mL/min/1.73 m?2.3° However,
for the vast amount of patients, monotherapy is not suf-
ficient. Taking into account the immense cardiovascular
risk, the studies went in the direction of seeking more
pleiotropic solutions. Two groups of medicines should
be distinguished here: sodium-glucose cotransporter 2
(SGLT2) inhibitors and incretin agent — glucagon-like pep-
tide-1 (GLP-1) receptor agonist.*? These novel antidiabetic
drug groups reduce cardiovascular death risk, with SGLT2
inhibitors (SGLT-2i) influencing HF risk, and GLP-1RAs
reducing MI risk.*?

Sodium-glucose co-transporter-2
inhibitors

The EMPA-REG OUTCOME trial was a study focused
on assessing cardiovascular endpoints. The researchers
randomized over 7020 type 2 DM (T2DM) patients with
high cardiovascular risk and examined the influence
of empagliflozin. During the study, the primary outcomes,
such as death from cardiovascular causes, non-fatal MI
or non-fatal stroke, and all-cause mortality among patients
receiving different doses of empagliflozin (an SGLT2 in-
hibitor) and placebo, were assessed. It was concluded that
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the administration of the SGLT2i, which acts in the proxi-
mal tubule by increasing glucosuria, in 2 doses, 10 mg and
25 mg, significantly reduced hard endpoints (by 14% and
32%, respectively) compared to placebo. The exact mecha-
nism of action is not well understood, but the protective
effect of the druglies probably in changes in lipid levels and
a reduction in the following: sympathetic activity, blood
pressure, albuminuria, uric acid retention, oxidative stress,
and insulin resistance.*34*

Slowing down the progression of CKD was the addi-
tional hypothesized result of empagliflozin. The CKD pa-
tients in stages G1-3b were assessed for the eGFR during
the trial and it was observed that after the initial tran-
sient drop in eGFR in the first 4 weeks of observation,
the progression of the disease was stabilized in patients
receiving empagliflozin, while eGFR declined over time
in the group receiving placebo.*> The eGFR slope analy-
sis from the EMPA-REG OUTCOME trial evaluated GFR
variability in 3 different periods, that is, shortly after ini-
tiation of the therapy, during chronic maintenance period
and after drug cessation. Their observations — eGFR rela-
tive decline in the 1% stage, inhibition of the eGFR loss
in the 2" period, and eventually eGFR increase in the last
phase after drug cessation — support the hypothesis that
there is a renoprotective effect of empagliflozin, reduc-
tion in intraglomerular pressure caused by the drug
and the SGLT2i effect on hemodynamic changes and its
reversibility.4®

EMEROR Reduced [ejection fraction] trial assessed
the effect of empagliflozin on HF, regardless of the dia-
betic status, on patients with ejection fraction of 40% and
less. In this trial, 3730 patients with NYHA class [I-1V HF
were randomized into 2 groups — placebo and 10 mg empa-
gliflozin once daily. It turned out that the patients receiv-
ing empagliflozin had lower risk of meeting primary out-
comes, such as cardiovascular death or hospitalization for
HE, than the patients receiving placebo (19.4% compared
to 24.7%). The study showed not only a positive cardiovas-
cular, but also renal effect of empagliflozin. The secondary
outcome, the rate of the decline in the e GFR over the dura-
tion of treatment period, was slower in the empagliflozin
group than in the placebo group (-0.55 mL/min/1.73 m?
compared to -2.28 mL/min/1.73 m?). Also, a composite
renal outcome, that is, the beginning of renal replace-
ment therapy (chronic dialysis or renal transplantation)
or a profound, sustained reduction in the eGFR occurred
in less patients in the empagliflozin than in the placebo
group (1.6% compared to 3.1%). It is worth mentioning
that 48% of enrolled patients had eGFR of less than 60 mL/
min/1.73 m2.%

The effect of empagliflozin on patients with HF with
preserved ejection fraction is still being studied in similarly
designed EMPEROR Preserved [ejection fraction] trial.

Empagliflozin is beneficial for CKD patients because
of the influence on fluid management. This is important,
as CRS frequently coexists with overhydration. Positive
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impact of empagliflozin on HF with both preserved and
reduced ejection fraction (HFpEF and HFrEF) and hy-
pertension is explained by natriuresis enhancement.*
The resistance to physiological natriuretic peptide and
administered diuretics in HF is common; the sodium-hy-
drogen antiporter 3 or, in other words, sodium-hydrogen
exchanger (NHE 3), in the proximal renal tubule, whose ac-
tivation increases in HF, is hypothesized to be the culprit.*
The NHE3 protein, which co-localizes with SGLT2,* is re-
sponsible for the majority of sodium reuptake in the tu-
bules. The SGLT2i interacts with NHE3 by its inhibition
and causes natriuresis. The simultaneous administration
of loop diuretics can prevent the compensative increase
in sodium reuptake in different parts of the nephron.>!

Another proposed mechanism for empagliflozin effi-
cacy is the hypothesis of renal congestion and SGLT2i
grip point focused on intracellular water. Because of local
SGLT2i-induced hypovolemia in the kidney, the interstitial
fluid passes easily to the vascular space to compensate
for the fluid loss. Due to this assumption, the circulating
volume, and thus, the organ perfusion and arterial filling,
would not be affected. In addition, the interstitial renal
volume overload reduction decreases and protects renal
function.>?

The other gliflozin worth mentioning is dapagliflozin.
DECLARE-TIMI 58 (Effect of Dapagliflozin on the Inci-
dence of Cardiovascular Events — Thrombolysis in Myo-
cardial Infarction 58) trial was established to define
the dapagliflozin cardiovascular safety profile. In this
trial, 17,160 T2DM patients were randomized into groups
receiving the drug or placebo. Dapagliflozin treatment
lowered the rate of HF hospitalizations and cardiovas-
cular deaths, but did not influence major adverse car-
diovascular events (MACE), defined as cardiovascular
death, MI or ischemic stroke, in the group of patients with
primary atherosclerotic CVD or at risk of one.”® Promis-
ing results were observed in Dapagliflozin and Preven-
tion of Adverse outcomes in Chronic Kidney Disease
(DAPA-CKD) phase III trial, focused on primary renal
outcomes. In DAPA-CKD trial, the composite endpoint
(=50% sustained decline in eGFR, onset of ESKD, or car-
diovascular or renal death) in a comprehensive group
of CKD patients with eGRF of 25-75 mL/min/1.73 m?
with and without DM had been assessed.>* At the end
of March 2020, the trial was terminated prematurely
due to the overwhelming efficacy in renal insufficiency
patients. Similarly designed EMPA-Kidney trial is being
conducted, but the results we will be available in 2022.

Other SGLT2i were also assessed in the trials. Focused
on cardiovascular outcomes, CANVAS (Canagliflozin
Cardiovascular Assessment Study) program encompassed
2 trials of 10,142 T2DM patients with high CVD risk.
It was designed to assess the canagliflozin benefit-risk
balance. The program showed the superiority of SGLT2i
over the placebo group in cardiovascular events reduc-
tion, but the adverse effects — amputations at the level
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of toe or metatarsal — was more frequent in the cana-
gliflozin group.>®* CREDENCE (Canagliflozin and Renal
Endpoints in Diabetes with Established Nephropathy
Clinical Evaluation) study was focused on canagliflozin
primary renal outcomes. Included patients had eGFR
of 30-90 mL/min/1.73 m? and an estimated daily pro-
teinuria at the level of 0.3-5 g. The study showed that
both kidney failure and the risk of cardiovascular events
were lower in the group receiving canagliflozin compared
to the placebo group. The study was ceased after planned
interim analysis, as the demonstration of efficacy was
obtained already after randomizing 4401 patients.”®

The summary analysis of the SGLT2i mentioned above
is as follows: empagliflozin, canagliflozin and dapa-
gliflozin were recently collected in a meta-analysis. It was
concluded that SGLT2i reduce HF hospitalizations, for
which the evidence is the strongest, MACE and all-cause
mortality. The evidence is weaker in the group of patients
with eGFR < 60 mL/min/1.73 m? yet, the impact on lower-
ing adverse renal effects is observable even in this group
of patients.®”

Among the desirable features of SGLT2i, weight loss,
blood pressure lowering, uricosuric effect, and lack of the
hypoglycemia risk are worth mentioning. Gliflozins reduce
hyperfiltration in the early stages of diabetic nephropathy,
as they restore tubuloglomerular feedback (TGF).>®

CVD-REAL3 was an observational study to assess
the SGLT-2i effects on kidney function in comparison
to other glucose-lowering drugs in real-world clinical
practice. It was concluded that initiation of the therapy
with SGLT2i, that is: dapagliflozin, empagliflozin, cana-
gliflozin, ipragliflozin, tofogliflozin, and luseogliflozin,
was associated with a lower risk of major kidney events
and a slower decline in kidney function than the initiation
of other anti-diabetic medications.”

The recommendations of American Diabetes Associa-
tion suggest that second-line DM therapy should be cho-
sen on the basis of the existence of atherosclerotic CVD
(ASCVD), HF or CKD comorbidity. Heart failure or CKD
predominance implies SGLT2i usage to reduce CKD pro-
gression and/or HF, while ASCVD predominance suggests
SGLT2i or GLP-1 receptor agonist usage with suspected
cardiovascular benefits.0%6!

Incretin drugs

Glucagon-like peptide-1 (GLP-1) receptor agonists are
the other anti-hyperglycemic agents that reveal nephropro-
tective properties, as they prevent macroglobinuria occur-
rence and the impairment in renal function.®? The puta-
tive renoprotective effect of the GLP-1 receptor agonists
is direct and indirect (dichotomic). Indirect actions con-
sist, among others, of better glycemic and blood pressure
control, weight loss, and improvement in coronary flow
and left ventricular wall motion. Direct effects encom-
pass the decrease in renal and systemic inflammation,
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reduction of oxidative stress, decrease of renal hypoxia,
and sodium and water modulation.®® Natriuresis seem
to be the main mechanism of decreasing overhydration.
It was hypothesized that natriuretic effect of GLP-1 pri-
marily involves inhibition of NHE3 activity in the brush
border of the renal proximal tubule.®* Other authors, who
studied the impact of GLP-1 agonists on healthy saline
loaded men, suggest that the natriuretic effect is rather
induced through a tubular mechanism in distal nephron
segments. This mechanism is believed to be secondary
to suppression of angiotensin II (ANG II) and independent
of renal hemodynamics. Such hypothesized mechanism
of action supports the existence of a GLP-1-renal axis.®®
Improving tubuloglomerular feedback and ameliorating
glomerular hyperfiltration in patients with T2DM would
also be anticipated.®*

In LEADER (Liraglutide Effect and Action in Diabe-
tes: Evaluation of Cardiovascular Outcome Results) trial,
9340 diabetic patients were randomized. The time-to-
event of death from cardiovascular causes, nonfatal MI
or nonfatal stroke was assessed. The results showed that
the time to the first occurrence of the event was shorter
in liraglutide than in the placebo group.®® There were also
other trials evaluating GLP-1 agonists, like ELIXA® with
lixisenatide, SUSTAIN-6° with semaglutide, AWARD-7%°
with dulaglutide, EXCEL”® with exenatide, and LIRA-RE-
NAL" again with liraglutide. Although there is evidence
for GLT-1 agonists to reduce albuminuria, the evidence
for hard renal endpoints are still to be found.®? Surpris-
ingly, in contrast to SGLT2, there are no GLP-1 receptors
in the renal tubuli or other kidney compartments.

Summary

Cardiovascular disease resulting in HF is a common
CKD complication, but cardiac insufficiency can also cause
renal function deterioration. Cardiorenal syndromes pres-
ent acommon symptom: overhydration. Because the thera-
peutic target is not always met by means of classical loop
diuretics because of resistance, alternative management
of fluid overload is required. Ultrafiltration reduces symp-
toms effectively, but there is no evidence that it improves
long-term survival. Peritoneal dialysis seems an attractive
solution in refractory CRS type 2 and in selected patients
in CRS type 1 treatment. Tolvaptan turned out to dimin-
ish the symptoms, but did not prove to influence hard
endpoints. The interesting therapeutic option emerges for
diabetic and non-diabetic patients with CRS. The SGLT2i
are particularly noteworthy, showing reno- and cardio-
protective effects, for instance, by reducing overhydration
(mainly by NHE3 inhibition). Liraglutide, a GLP-1 receptor
agonist, probably shares the NHE3 inhibition effect with
SGLT2iand also has cardio- and renoprotective properties.

Although the new agents seem promising in overhy-
drated patients with CRS, further studies are required
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to thoroughly assess their potential. To date, the manage-
ment of CKD patients with HF and fluid overload remains
challenging.

ORCID iDs

Anna Szymczak
Mariusz Kusztal
Magdalena Krajewska

https://orcid.org/0000-0000-0000-0001
https://orcid.org/0000-0002-6502-0374
https://orcid.org/0000-0002-2632-2409

References

1. Heywood JT, Fonarow GC, Costanzo MR, et al. High prevalence of
renal dysfunction and its impact on outcome in 118,465 patients
hospitalized with acute decompensated heart failure: A report from
the ADHERE database. J Card Fail. 2007;13(6):422-430. doi:10.1016/j.
cardfail.2007.03.011

2. Ronco C, McCullough P, Anker SD, et al. Cardio-renal syndromes:
Report from the consensus conference of the acute dialysis qual-
ity initiative. Eur Heart J. 2010;31(6):703-711. doi:10.1093/eurheartj/
ehp507

3. Hajhosseiny R, Khavandi K, Goldsmith DJ. Cardiovascular disease
in chronic kidney disease: Untying the Gordian knot. IntJ Clin Pract.
2013;67(1):14-31. doi:10.1111/j.1742-1241.2012.02954.x

4. GranataA,ClementiA, VirziGM, et al. Cardiorenal syndrome type 4: From
chronic kidney disease to cardiovascular impairment. Eur J Intern Med.
2016;30:1-6. doi:10.1016/j.€jim.2016.02.019

5. Currie CJ, Berni ER, Berni TR, et al. Major adverse cardiovascular events
in people with chronic kidney disease in relation to disease severity
and diabetes status. PLoS One. 2019;14(8):1-17. doi:10.1371/journal.
pone.0221044

6. Gargiulo R, Suhail F, Lerma EV. Cardiovascular disease and chronic
kidney disease. Dis Mon. 2015;61(9):403-413.d0i:10.1016/j.disamonth.
2015.07.005

7. Foley RN, Murray AM, Li S, et al. Chronic kidney disease and the risk
for cardiovascular disease, renal replacement, and death in the Unit-
ed States Medicare population, 1998 to 1999.JAm Soc Nephrol. 2005;
16(2):489-495. doi:10.1681/ASN.2004030203

8. WHO. World Health organization/International Society of Hyperten-
sion (WHO/ISH) risk prediction charts. Geneva, Switzerland: World
Health Organization; 2014:1-40. https://www.who.int/ncds/manage
ment/WHO_ISH_Risk_Prediction_Charts.pdf?ua=1.

9. Ortiz A, Covic A, Fliser D, et al. Epidemiology, contributors to, and
clinical trials of mortality risk in chronic kidney failure. Lancet. 2014;
383(9931):1831-1843. d0i:10.1016/50140-6736(14)60384-6

10. Ekinci C, Karabork M, Siriopol DI, Incer N, Covic A, Kanbay M. Effects
of volume overload and current techniques for the assessment
of fluid status in patients with renal disease. Blood Purif. 2018;46(1):
34-47.doi:10.1159/000487702

11. Vega A, Abad S, Macias N, et al. Any grade of relative overhydration
is associated with long-term mortality in patients with stages 4 and 5
non-dialysis chronic kidney disease. Clin Kidney J. 2018;11(3):372-376.
doi:10.1093/ckj/sfy018

12. Yilmaz A, Yilmaz B, Kiiciikseymen S, Ozpelit E, Pekel N. Association
of overhydration and cardiac dysfunction in patients have chronic
kidney disease but not yet dialysis. Nephrol Ther. 2016;12(2):94-97.
doi:10.1016/j.nephro.2015.08.003

13. Ronco C, Bellomo R, Kellum JA, Ricci Z. Critical Care Nephrology
E-Book. Philadelphia, PA: Elsevier Health Sciences; 2017.

14. Damman K, van Deursen VM, Navis G, Voors AA, van Veldhuisen DJ,
Hillege HL. Increased central venous pressure is associated with
impaired renal function and mortality in a broad spectrum of patients
with cardiovascular disease. J Am Coll Cardiol. 2009;53(7):582-588.
doi:10.1016/j.jacc.2008.08.080

15. Bruch C,Rothenburger M, Gotzmann M, et al. Chronic kidney disease in
patients with chronic heart failure: Impact on intracardiac conduction,
diastolic function and prognosis. Int J Cardiol. 2007;118(3):375-380.
doi:10.1016/j.ijcard.2006.06.066

16. Hadjiphilippou S.Cardiorenal syndrome: Review of our current under-
standing.JR SocMed. 2016;109(1):12-17.doi:10.1177/0141076815616091

17. Faris RF, Flather M, Purcell H, Poole-Wilson PA, Coats AJS. Diuret-
ics for heart failure. Cochrane Database Syst Rev. 2012;(2):CD003838.
doi:10.1002/14651858.CD003838.pub3



226

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

. Khatir DS, Pedersen M, Jespersen B, Buus NH. Evaluation of renal blood

flow and oxygenation in CKD using magnetic resonance imaging.
Am J Kidney Dis. 2015;66(3):402-411. doi:10.1053/j.ajkd.2014.11.022

. Rangaswami J, Bhalla V, Blair JEA, et al; American Heart Association

Council onthe Kidney in Cardiovascular Disease and Council on Clin-
ical Cardiology. Cardiorenal syndrome: Classification, pathophysiol-
ogy, diagnosis, and treatment strategies. A scientific statement from
the American Heart Association. Circulation. 2019;139(16):e840-e878.
doi:10.1161/CIR.0000000000000664

Ellison DH. Diuretic resistance: Physiology and therapeutics. Semin
Nephrol. 1999;19(6):581-597.

Schrier RW, Abraham WT. Hormones and hemodynamics in heart
failure. N Engl J Med. 1999;341(8):577-585. d0i:10.1056/NEJM19990
8193410806

Hanberg JS, RaoV, Ter Maaten JM, et al. Hypochloremia and diuretic
resistance in heart failure. Circ Heart Fail. 2016;9(8):1-12. doi:10.1161/
CIRCHEARTFAILURE.116.003180

Ellison DH. Clinical pharmacology in diuretic use. Clin J Am Soc
Nephrol. 2019;14(8):1248-1257. d0i:10.2215/CJN.09630818

Konstam MA, Gheorghiade M, Burnett JC, et al. Effects of oral tolvap-
tan in patients hospitalized for worsening heart failure: The EVER-
EST Outcome Trial. JAMA. 2007;297(12):1319-1331. d0i:10.1001/jama.
297.12.1319

Jessup M, Bozkurt B, Butler J, et al; American College of Cardiology
Foundation/American Heart Association Task Force on Practice
Guidelines. 2013 ACCF/AHA Guideline for the Management of Heart
Failure: A report of the American College of Cardiology Founda-
tion/American Heart Association Task Force on Practice Guidelines.
Circulation. 2013;128(16):240-327. d0i:10.1161/CIR.0b013e31829e8776
Bart BA, Boyle A, Bank AJ, et al. Ultrafiltration versus usual care for
hospitalized patients with heart failure: The Relief for Acutely Fluid-
Overloaded Patients with Decompensated Congestive Heart Failure
(RAPID-CHF) trial. J Am Coll Cardiol. 2005;46(11):2043-2046. doi:10.
1016/j.jacc.2005.05.098

Costanzo MR, Guglin ME, Saltzberg MT, et al. Ultrafiltration versus
intravenous diuretics for patients hospitalized for acute decompen-
sated heart failure. JAm Coll Cardiol. 2007;49(6).:675-683. d0i:10.1016/
jjacc.2006.07.073

Marenzi G, Muratori M, Cosentino ER, et al. Continuous ultrafiltration
for congestive heart failure: The CUORE trial. J Card Fail. 2014;20(1):
9-17. doi:10.1016/j.cardfail.2013.11.004

Bart BA, Goldsmith SR, Lee KL, et al. Ultrafiltration in decompen-
sated heart failure with cardiorenal syndrome. N Engl J Med. 2012;
367(24):2296-2304. doi:10.1056/NEJMo0a1210357

Costanzo MR, Negoianu D, Jaski BE, et al. Aquapheresis versus intra-
venous diuretics and hospitalizations for heart failure. JACC Heart Fail.
2016;4(2):95-105. doi:10.1016/j.jchf.2015.08.005

Kron J, Kron S, Wenkel R, et al. Extended daily on-line high-volume
haemodiafiltration in septic multiple organ failure: A well-tolerated
and feasible procedure. Nephrol Dial Transplant. 2012;27(1):146-152.
doi:10.1093/ndt/gfr269

Koscielska M, Zebrowski P, Matyszko J. The role of slow low efficiency
dialysis (sled) in renal replacement therapy [in Polish]. Wiad Lek. 2019;
72(11 cz. 2):2250-2253.

Grossekettler L, Schmack B, Meyer K, et al. Peritoneal dialysis as ther-
apeutic option in heart failure patients. ESC Heart Fail. 2019;6(2):271-
279. doi:10.1002/ehf2.12411

Pernias V, Gonzalez M, Minana G, et al. Refractory congestive heart
failure: When the solution is outside the heart. ESC Hear Fail. 2020;
7(1):311-314. d0i:10.1002/ehf2.12554

Al-Hwiesh AK, Abdul-Rahman IS, Al-Audah N, et al. Tidal peritoneal
dialysis versus ultrafiltration in type 1 cardiorenal syndrome: A pro-
spective randomized study. Int J Artif Organs. 2019;42(12):684-694.
doi:10.1177/0391398819860529

Wojtaszek E, Grzejszczak A, Niemczyk S, Malyszko J, Matuszkiewicz-
Rowinska J. Peritoneal ultrafiltration in the long-term treatment of
chronic heart failure refractory to pharmacological therapy. Front
Physiol. 2019;10:310. d0i:10.3389/fphys.2019.00310

Shao Q, XiaY, Zhao M, et al. Effectiveness and safety of peritoneal dial-
ysis treatment in patients with refractory congestive heart failure due
to chronic cardiorenal syndrome. Biomed Res Int. 2018;2018:6529283.
doi:10.1155/2018/6529283

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

A. Szymczak, M. Kusztal, M. Krajewska. Overhydration: Cause or effect?

Pavo N, Yarragudi R, Puttinger H, et al. Parameters associated with
therapeutic response using peritoneal dialysis for therapy refractory
heart failure and congestive right ventricular dysfunction. PLoS One.
2018;13(11):0206830. doi:10.1371/journal.pone.0206830

Kidney Disease: Improving Global Outcomes (KDIGO) CKD Work
Group. KDIGO 2012 Clinical Practice Guideline for the Evaluation
and Management of Chronic Kidney Disease. Kidney Int Suppl (2011).
2013;3(1):4-4. doi:10.1038/kisup.2012.76

Branch M, German C, Bertoni A, Yeboah J. Incremental risk of car-
diovascular disease and/or chronic kidney disease for future ASCVD
and mortality in patients with type 2 diabetes mellitus: ACCORD trial.
JDiabetes Complications. 2019;33(7):468-472.doi:10.1016/j.jdiacomp.
2019.04.004

Inzucchi SE, Bergenstal RM, Buse JB, et al. Management of hypergly-
caemiain type 2 diabetes, 2015: A patient-centred approach. Update
to a Position Statement of the American Diabetes Association and
the European Association for the Study of Diabetes. Diabetologia.
2015;58(3):429-442. doi:10.1007/500125-014-3460-0

Rocha NA, McCullough PA. Cardiovascular outcomes in diabetic kid-
ney disease: Insights from recent clinical trials. Kidney Int Suppl (2011).
2018;8(1):8-17. doi:10.1016/j.kisu.2017.10.004

Zinman B, Wanner C, Lachin JM, et al. Empagliflozin, cardiovascu-
lar outcomes, and mortality in type 2 diabetes. N Engl J Med. 2015;
373(22):2117-2128. doi:10.1056/NEJMo0a1504720

Strojek K, Rokicka D, Szymborska-Kajanek A, Wrébel M. Empagliflo-
zin. Results of the EMPA-REG OUTCOME trial. A breakthrough in treat-
ment of type 2 diabetes? Clin Diabet. 2016;5(3):107-110. d0i:10.5603/
DK.2016.0018

Wanner C, Inzucchi SE, Lachin JM, et al. Empagliflozin and progres-
sion of kidney disease in type 2 diabetes. N Engl J Med. 2016;375(4):
323-334.doi:10.1056/NEJM0a1515920

Wanner C, Heerspink HJL, Zinman B, et al. Empagliflozin and kidney
function decline in patients with type 2 diabetes: A slope analysis
from the EMPA-REG OUTCOME trial. J/ Am Soc Nephrol. 2018;29(11):
2755-2769. doi:10.1681/ASN.2018010103

Packer M, Anker SD, Butler J, et al. Cardiovascular and renal out-
comes with empagliflozin in heart failure. N Engl JMed. 2020;383(15):
1413-1424. d0i:10.1056/nejm0a2022190

Perkins BA, Udell JA, Cherney DZI. No need to sugarcoat the mes-
sage: Is cardiovascular risk reduction from SGLT2 inhibition relat-
ed to natriuresis? Am J Kidney Dis. 2016,68(3):349-352. doi:10.1053/j.
ajkd.2016.03.410

Inoue BH, dos Santos L, Pessoa TD, et al. Increased NHE3 abundance
and transport activity in renal proximal tubule of rats with heart failure.
Am J Physiol. 2012;302(1):166-174. doi:10.1152/ajpregu.00127.2011
Pessoa TD, Campos LCG, Carraro-Lacroix L, Girardi ACC, Malnic G.
Functional role of glucose metabolism, osmotic stress, and sodi-
um-glucose cotransporter isoform-mediated transport on Na+/H+
exchanger isoform 3 activity in the renal proximal tubule. JAm Soc
Nephrol. 2014;25(9):2028-2039. doi:10.1681/ASN.2013060588
Packer M, Anker SD, Butler J, Filippatos G, Zannad F. Effects of sodi-
um-glucose cotransporter 2 inhibitors for the treatment of patients
with heart failure: Proposal of a novel mechanism of action. JAMA
Cardiol. 2017;2(9):1025-1029. doi:10.1001/jamacardio.2017.2275
Kuriyama S. A potential mechanism of cardio-renal protection with
sodium-glucose cotransporter 2 inhibitors: Amelioration of renal
congestion. Kidney Blood Press Res. 2019;44(4):449-456. d0i:10.1159/
000501081

Wiviott SD, Raz |, Bonaca MP, et al. Dapagliflozin and cardiovascu-
lar outcomes in type 2 diabetes. N Engl J Med. 2019;380(4):347-357.
doi:10.1056/NEJM0a1812389

Heerspink HJL, Stefansson BV, Chertow GM, et al. Rationale and pro-
tocol of the Dapagliflozin And Prevention of Adverse outcomes in
Chronic Kidney Disease (DAPA-CKD) randomized controlled trial.
Nephrol Dial Transplant. 2020;35(2):274-282. doi:10.1093/ndt/gfz290
Neal B, Perkovic V, Mahaffey KW, et al. Canagliflozin and cardiovas-
cular and renal events in type 2 diabetes. N Engl J Med. 2017;377(7):
644-657. doi:10.1056/NEJM0a1611925

PerkovicV, Jardine MJ, Neal B, et al. Canagliflozin and renal outcomes
in type 2 diabetes and nephropathy. N Engl J Med. 2019;380(24):
2295-2306. doi:10.1056/NEJMoa1811744



Adv Clin Exp Med. 2021;30(2):219-227

57.

58.

59.

60.

61.

62.

63.

64.

Lo KB, Gul F,Ram P, et al. The effects of SGLT2 inhibitors on cardiovas-
cular and renal outcomes in diabetic patients: A systematic review
and meta-analysis. Cardiorenal Med. 2020;10(1):1-10. doi:10.1159/
000503919

Thomson SC, Vallon V. Renal effects of sodium-glucose co-transporter
inhibitors. AmJ Cardiol. 2019;124(Suppl 1):528-535. d0i:10.1016/j.amj
card.2019.10.027

Heerspink HJL, Karasik A, Thuresson M, et al. Kidney outcomes associ-
ated with use of SGLT2 inhibitors in real-world clinical practice (CVD-
REAL 3): A multinational observational cohort study. Lancet Diabetes
Endocrinol. 2020;8(1):27-35. doi:10.1016/52213-8587(19)30384-5
Davies MJ, D'Alessio DA, Fradkin J, et al. Management of hypergly-
cemia in type 2 diabetes, 2018: A consensus report by the Ameri-
can Diabetes Association (ADA) and the European Association for
the Study of Diabetes (EASD). Diabetes Care. 2018;41(12):2669-2701.
doi:10.2337/dci18-0033

American Diabetes Association. 9. Pharmacologic approaches
to glycemic treatment: Standards of medical care in diabetes - 2019.
Diabetes Care. 2019;42(Suppl 1):590-5102. doi:10.2337/dc19-S009
Greco EV, Russo G, Giandalia A, Viazzi F, Pontremoli R, De Cosmo S.
GLP-1 receptor agonists and kidney protection. Medicina (Kaunas).
2019;55(6):233. doi:10.3390/medicina55060233

Gorriz JL, Soler MJ, Navarro-Gonzélez JF, et al. GLP-1 Receptor ago-
nists and diabetic kidney disease: A call of attention to nephrologists.
J Clin Med. 2020;9(4):947. doi:10.3390/jcm9040947

Muskiet MHA, Tonneijck L, Smits MM, et al. GLP-1 and the kidney:
From physiology to pharmacology and outcomes in diabetes.
Nat Rev Nephrol. 2017;13(10):605-628. doi:10.1038/nrneph.2017.123

65.

66.

67.

68.

69.

70.

71.

227

Asmar A, Cramon PK, Simonsen L, et al. Extracellular fluid volume
expansion uncovers a natriuretic action of GLP-1: A functional GLP-1-
renal axis in man. J Clin Endocrinol Metab. 2019;104(7):2509-2519.
doi:10.1210/jc.2019-00004

Marso SP, Daniels G, Brown-Frandsen K, et al. Liraglutide and cardio-
vascular outcomes in type 2 diabetes. N EnglJMed. 2016;375(4):311-
322.doi:10.1056/NEJMo0a1603827

Pfeffer MA, Claggett B, Diaz R, et al. Lixisenatide in patients with
type 2 diabetes and acute coronary syndrome. N Engl J Med. 2015;
373(23):2247-2257. d0i:10.1056/NEJM0a1509225

Marso SP, Bain SC, Consoli A, et al. Semaglutide and cardiovascular
outcomes in patients with type 2 diabetes. N EnglJ Med. 2016;375(19):
1834-1844. doi:10.1056/NEJM0a1607141

Tuttle KR, Lakshmanan MC, Rayner B, et al. Dulaglutide versus insu-
lin glargine in patients with type 2 diabetes and moderate-to-severe
chronic kidney disease (AWARD-7): A multicentre, open-label, ran-
domised trial. Lancet Diabetes Endocrinol. 2018;6(8):605-617. doi:10.
1016/52213-8587(18)30104-9

Whelton A, MacDonald PA, Chefo S, Gunawardhana L. Preservation
of renal function during gout treatment with febuxostat: A quan-
titative study. Postgrad Med. 2013;125(1):106-114. doi:10.3810/pgm.
2013.01.2626

Davies MJ, Bain SC, Atkin SL, et al. Efficacy and safety of liraglutide
versus placebo as add-on to glucose-lowering therapy in patients
with type 2 diabetes and moderate renal impairment (LIRA-RENAL):
Arandomized clinical trial. Diabetes Care. 2016;39(2):222-230. doi:10.
2337/dc14-2883



