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WYKAZ STOSOWANYCH SKROTOW

ADHF- ang. acute decompensated heart failure; ostra dekompensacja niewydolnosci serca.

NT-proBNP- ang. N-terminal pro-B type natriuretic peptide; N-koncowy propeptyd
natriuretyczny typu B.



WPROWADZENIE

Dane z raportu Asocjacji Niewydolnosci Serca Polskiego Towarzystwa
Kardiologicznego wskazuja, ze liczba chorych z niewydolnoscia serca w Polsce w 2018 roku
siegata 1,25 mln!. Zaostrzenie objawow niewydolnoéci serca pozostaje wciaz jedng z gtownych
przyczyn hospitalizacji w oddziatach szpitalnych w grupie pacjentow powyzej 65 roku zycia i
nadal wiaze si¢ z duza §miertelnoscia oraz czestoscia ponownych hospitalizacji>?. Smiertelno$é
wewnatrzszpitalna wsrdd chorych hospitalizowanych z powodu ostrej niewydolno$ci serca
(ONS) wynosi od 4 do 10%, a czgsto$¢ zgonow i ponownej hospitalizacji przekracza 45% w
obserwacji rocznej. W Polsce zaledwie 57% pacjentow przezywa 5 lat od momentu rozpoznania
niewydolnosci serca, natomiast w grupie wiekowej powyzej 75 roku zycia polowa pacjentow
przezywa jedynie ok. 4 lata®. Najczestsza forma manifestacji klinicznej pacjentéw
hospitalizowanych z powodu niewydolnosci serca (50-70% przypadkow) jest tzw. ostra
dekompensacja przewlektej niewydolnos$ci serca (z ang. Acute Decompensated Heart Failure -
ADHF). Wstepna ocena kliniczna chorych z dekompensacjg niewydolnos$ci serca pozwala w
prosty sposob zidentyfikowa¢ wsrod nich cztery roézne profile hemodynamiczne, w tym
najliczniejsza grup¢ pacjentdéw z objawami przewodnienia, bez obnizonej perfuzji obwodowe;j,

czyli tzw. profil ,,mokry-cieply’™.

Jednym z podstawowych celéw w leczeniu chorych z ostrg dekompensacja niewydolnosci serca
1 objawami przecigzenia ptynowego jest szybka i bezpieczna eliminacja przewodnienia przy
zastosowaniu miedzy innymi diuretykow petlowych. Przewlekla aktywacja neurohormonalna
(gtownie uktadu renina-angiotensyna-aldosteron), w grupie pacjentow leczonych z powodu
przewlektej niewydolnosci serca, powoduje stopniowe zmniejszenie skuteczno$ci
standardowego postgpowania farmakologicznego, prowadzac w konsekwencji do czesciowej

badz catkowitej opornoéci na leczenie diuretykami i postepujacego przewodnienia®.

Opcja pierwszego wyboru w leczeniu zaostrzenia objawow przewlektej niewydolnosci
serca u chorych z objawami zastoju 1 przewodnienia pozostaja diuretyki petlowe, czgsto w
potaczeniu z lekami wazodilatacyjnymi’!®. W trakcie standardowej terapii diuretykiem
petlowym  poczatkowo dochodzi do usunigcia nadmiaru plynu z  przestrzeni
wewnatrznaczyniowej a nastgpnie przemieszczeniu ulega objetos¢ plynu z przestrzeni
pozanaczyniowej do naczyn lozyska naczyniowego w tempie okreslanym jako PRR - plasma
refill rate. Kluczowym zatem elementem bezpieczenstwa i1 skutecznosci terapii diuretycznej

pozostaje mozliwo$¢ uzyskania stabilnego tempa przemieszczenia nadmiaru plynu z



przestrzeni pozanaczyniowe] do tozyska naczyniowego. Jesli tempo usuwania nadmiaru ptynu
z przestrzeni wewnatrznaczyniowej jest zbyt szybkie w stosunku do plasma refill rate, moze
doj$¢ do nadmiernego oproznienia przestrzeni wewnatrznaczyniowej, w efekcie do spadku
rzutu serca i obnizenia perfuzji nerkowej, co prowadzi do aktywacji szeregu nerkowych i
pozanerkowych mechanizméw retencji sodu 1 wody w organizmie a w konsekwencji do

dalszego rozwoju opornosci na diuretyki'!.

Istotnym problemem klinicznym pozostaje rowniez wspotistniejagca z niewydolnoscig serca
przewlekta choroba nerek jak i pogorszenie funkcji nerek w trakcie hospitalizacji z powodu
zaostrzenia objawow niewydolno$ci serca, ktore wystgpuja bardzo czgsto i1 sg niezaleznym
czynnikiem ztego rokowania pacjentdow z ostra niewydolnoscig serca'”!®. Istnieje zatem
uzasadniona potrzeba opracowywania nowych, bezpiecznych i skutecznych metod eliminacji
przewodnienia oraz monitorowania terapii diuretykami u pacjentow z ostrg niewydolnoscig

s€rca.



CELE PROJEKTU BADAWCZEGO

Celem projektu byla ocena zastosowania diuretyku petlowego (furosemidu) w
polaczeniu z metoda kontrolowanego odwadniana z zastosowaniem systemu RenalGuard®, u
pacjentow z zaawansowang niewydolnoscig serca i wspoélistniejaca przewlekta chorobg nerek,
hospitalizowanych z powodu ostrej dekompensacji niewydolno$ci serca oraz proba
identyfikacji grupy pacjentow ktorzy odniosg istotnie wigksza korzy$¢ z tej formy terapii, na
podstawie analizy potencjalnego zwigzku pomiedzy odpowiedzig diuretyczng a profilem

klinicznym tych pacjentow i stezeniami wybranych markerow biochemicznych.



MATERIAL I METODY

Do badania wlaczono pacjentow, ktorzy byli hospitalizowani w Klinice Kardiologii
Osrodka Chorob Serca 4. Wojskowego Szpitala Klinicznego we Wroctawiu z powodu
wystapienia ADHF (ostrej dekompensacji niewydolnos$ci serca). ADHF byta diagnozowana na
podstawie  obowigzujagcych  woéwczas  wytycznych  Europejskiego  Towarzystwa
Kardiologicznego. Przewlekta chorobe nerek definiowano jako wartos¢ eGFR przy przyjeciu

w przedziale 25 — 90 ml/min/1,73m2 wyliczong z rbwnania MDRD.

W ramach rozprawy przeprowadzono dwa badania, ktérych wyniki opublikowano w

recenzowanych czasopismach miedzynarodowych w formie dwoch manuskryptow:

1. Pierwsza praca jest przeprowadzong w sposdb nierandomizowany,
prospektywng analizg terapii 19 pacjentow z przewlekla chorobg nerek,
hospitalizowanych z powodu ostrej dekompensacji niewydolnosci serca (klasa NYHA
HI-1V, RR 125 + 14 / 73 £ 16 mmHg, eGFR 58 + 24) z utrzymujacymi si¢ objawami
przewodnienia, w ktorej oceniano czy zastosowanie systemu RenalGuard® w
potaczeniu ze standardowg terapig oparta na diuretyku petlowym dozylnie poprawi
efektywnos$¢ odwadniania chorych z ADHF.

2. Druga praca jest retrospektywna, ukierunkowang analizg porownawcza
wybranych parametréow klinicznych 1 biochemicznych w celu szczegdlowego
okreslenia parametrow zwigzanych z lepsza odpowiedzig diuretyczng 1 najwigksza

korzy$cig kliniczng po zastosowanej terapii z zastosowaniem systemu RenalGuard®.

Badania przeprowadzono za zgoda lokalnej Komisji Bioetycznej Dolnoslaskiej Izby Lekarskiej
1 Komisji Bioetycznej przy Uniwersytecie Medycznym we Wroctawiu (opinia nr KB —
210/2019) oraz zgodnie z zasadami dobrej praktyki klinicznej (Good Clinical Practice) i
Deklaracji Helsinskiej. Wszyscy pacjenci, przed wiaczeniem do badania, wyrazili $wiadomie

pisemng zgod¢ na udziat w badaniu.
Najwazniejsze kryteria wiaczenia do badania obejmowaly:
1. pierwotne rozpoznanie ostrej niewydolnosci serca jako przyczyny hospitalizacji

2. Kkliniczne objawy przewodnienia (pomimo standardowego leczenia ostrej

niewydolnosci serca z zastosowaniem furosemidu dozylnie), ktére obejmowaty: utrzymujaca



si¢ duszno$¢ spoczynkowa lub przy minimalnym wysitku fizycznym w trakcie badania
przesiewowego 1 w czasie rekrutacji, trzeszczenia u podstawy pluc, obrzgki obwodowe > +1 (w
skali 0-3 +) w badaniu fizykalnym oraz radiologiczne objawy zastoju w krazeniu ptucnym w

zdjeciu przegladowym rtg klatki piersiowe;.

3. podwyzszone stezenie peptydow natriuretycznych: BNP (peptyd natriuretyczny typu
B) > 500 pg / ml lub NT-proBNP (peptyd natriuretyczny typu N-terminalny pro-B) > 2000 pg /
ml; u pacjentow w wieku > 75 lat lub z aktualnym migotaniem przedsionkéw (w momencie

wlaczenia), BNP > 750 pg / ml lub NT-proBNP > 3000 pg / ml.

4. skurczowe cisnienie tetnicze >100 mmHg na poczatku i na koncu badania

przesiewowego

5. weczednie] wystepujaca przewlekla chorobe nerek zdefiniowang jako warto$é
szacunkowego wspotczynnika przesgczania kiebuszkowego (eGFR) pomigdzy prezentacja i

wlaczeniem do badania > 251 <90 ml/ min/ 1,73 m2, obliczong przy uzyciu rownania MDRD.

Pacjentow leczonych furosemidem podawanym dozylnie w ciggu pierwszych 24 godzin
hospitalizacji, poddawano w czasie kolejnych 24 godzin terapii taczacej furosemid podawany
dozylnie z zastosowaniem systemu RenalGuard® 1 ustalong przez lekarza prowadzacego
terapi¢, objetoscig utraty ptynéow (FLL — Fluid Loss Limit). Cewnik infuzyjny systemu
RenalGuard® taczono z pacjentem poprzez obwodowy dostep zylny a umieszczony na wadze
urzadzenia zbiornik na mocz tagczono w celu ciggltego monitorowania diurezy ze standardowym
cewnikiem Foley’a umieszczonym w pgcherzu moczowym pacjenta. Na poczatku terapii
wszyscy pacjenci otrzymywali 40mg furosemidu w formie bolusa dozylnego. W pierwszej
godzinie terapii kontynuowano nawodnienie w stosunku 1:1 do uzyskanego efektu
diuretycznego (faza Matched Fluid Balace), po czym ustawiano zadany bilans ptynéw (faza
Desired Fluid Balance) na -100ml/h. Kolejne dawki furosemidu i schemat podawania leku
(bolus dozylnie lub wlew ciagly dozylnie) ustalano na podstawie oceny stanu klinicznego
pacjenta, w celu uzyskania zatozonego ujemnego bilansu ptynowego. U wszystkich chorych
oceniano objawy niewydolnosci serca, efekt diuretyczny, st¢zenia wybranych parametrow
biochemicznych i biomerkerow takich jak: kreatynina, eGFR, cystatyna C, NGAL, ET-1, KIM-
1 w okreslonych przedziatach czasowych podczas terapii, przy wypisie oraz w 30-dniowe;j
obserwacji, a takze zaleznosSci pomig¢dzy odpowiedzig diuretyczng a st¢zeniami jondéw
sodowych i kreatyniny w moczu. Ponadto analizowano czesto$¢ zdarzen niepozadanych takich

jak: zgon, niewydolno$¢ nerek wymagajaca dializoterapii, zawat serca, udar moézgu 1



przemijajace ataki niedokrwienne (TIA), zaostrzenie objawOw niewydolno$ci serca,

konieczno$¢ przedtuzonej hospitalizacji w zwigzku z procedurg.
Analiza statystyczna.

Zmienne ciagle o rozkladzie normalnym opisano za pomoca $rednich + odchylenie
standardowe, zmienne o rozktadzie innym niz normalny zostaty opisane przez mediany z
[gormymi 1 dolnymi kwartylami], zmienne skategoryzowane podano jako liczby i1 procenty.
Normalnos$¢ rozktadu badano z uzyciem testu Shapiro-Wilka. Istotno$¢ statystyczng roznic
migdzy punktami czasowymi oceniono za pomocg testu t dla préb powigzanych lub testu
Wilcoxona. Roéznice pomiedzy grupami o dobrej i ztej odpowiedzi diuretycznej oceniano z
uzyciem testu t dla prob niepowigzanych lub testu Manna-Whitney’a. P <0,05 uznano za

statystycznie istotne. Analizy statystyczne przeprowadzono za pomocg oprogramowania

STATISTICA 13 (StatSoft Poland, Krakéw, Poland).
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Aims Safe and effective decongestion is the main goal of therapy in acute heart failure (AHF). In the non-randomized,
prospective TARGET-1 and TARGET-2 studies (NCT03897842), we investigated whether adding the Reprieve
System® (which continuously monitors urine output and delivers a matched volume of hydration fluid sufficient
to maintain the set fluid balance rate) to standard diuretic-based regimen improves decongestion in AHF

Methods The population consisted of 19 patients hospitalized with AHF (mean age 67 + 10 years, 18 male, ejection fraction

and results 34 + 15%, median N-terminal pro-B-type natriuretic peptide 4492 pg/mL). Patients served as their ewn controls:

each patient underwent 24 h of standard diuretic therapy followed by 24 h of diuretics with Reprieve therapy (with
normal saline used for matched volume replacement). The primary efficacy endpoint of actual fluid loss not exceeding
the target fluid loss at the end of therapy was met in all 19 (100%) patients. The mean diuresis during Reprieve
therapy was 6284 + 2679 mL (vs. 1966 + 1057 mL 24 h before therapy) and 2053 + 888 mL (24 h after therapy) (both
P < 0.0007). At the end of therapy, patient global assessment improved from 7.7 +£ 1.1 to 3.0 + 1.3 points (P < 0.001),
central venous pressure decreased from 15.5 +5.3mmHg to 12.8 + 48 mmHg (P <0.05) and the median urine
sodium loss was 9.7 [3—13] mmol/h. The Reprieve therapy was safe, systolic blood pressure remained stable, mean
creatinine dropped from 1.45 +0.4mg/dL to 1.26 + 0.4mg/dL (P <0.001) and biomarkers of renal injury did not
change during treatment.

Keywords Diuresis # Decongestion ® Acute heart failure @  Clinical trial

evidence-based regimen for optimal diuretic use in the setting of
AHF>~* The objective tools to assess fluid volume, which can

Introduction

Congestion due to volume overload or volume redistribution char-
acterizes the majority of patients with acute heart failure (AHF).

be safely removed from a patient within a certain time period,
are still lacking, as probably being patient-dependent. Diuretic

The former is mainly driven by sodium and water retention, there-
fore loop diuretics remain the cornerstone of therapy with fast,
effective, sustained and safe decongestion as main goals of decon-
gestion in AHFE'~3 Notwithstanding this, there is no established

effectiveness is typically assessed upon several measures compris-
ing change in weight, urine volume, clinical signs and symptoms of
congestion relief, which are not predictive for prognosis.®” Unfor-
tunately, uncontrolled, too aggressive dehydration may lead to

*Corresponding authors. Department of Heart Diseases, Medical University, Wroclaw, University Centre for Heart Diseases, University Hospital, Borowska 213, 50-556 Wroclaw,
Poland. TellFaxx +48 71 7331112, Email: piotr.ponikewski@umed.wroc.pl; janbiegusi@gmail.com

"These authors contributed equally.

© 2019 The Authors
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rapid deterioration of haemodynamics, neurchormonal activation
and renal injury.*®® The fear of deleterious overdiuresis underlies
physicians’ concern to use the amount of diuretics a patient with
AHF likely needs, which in practice may lead to diuretic underdos-
ing with lack of clinical effects associated with prolenged congestion
with detrimental consequences.!®

The Reprieve-guided diuretic therapy has been designed to pro-
vide the clinician with greater control of fluid loss during diuretic
administration. In the face of high urine output induced by a
diuretic, the Reprieve System™ (Reprieve Cardiovascular, Mil-
ford, MA, USA) is designed to maintain intravascular fluid vol-
ume, and with it cardiac output and renal perfusion by preventing
the patient’s fluid loss from exceeding a clinician determined fluid
loss rate. Specifically, limiting the net fluid loss rate is expected
to prevent rapid deterioration of haemodynamics associated with
excessive diuresis. Further, supplementing excess fluid loss with
normal saline should prevent activation of compensatory mech-
anisms that drive the kidney to attempt to retain sodium, and
with it, fluid. Combined, all of these effects have the potential to
protect the kidney from renal injury that is often associated with
diuretic therapy. In order to achieve this fluid balance target, the
Reprieve System measures the patient’s urine output constanty
during therapy and infuses a volume of hydration fluid sufficient
to maintain the set fluid balance rate. The same platform tech-
nology has been in use in the cardiac catheterization laboratory,
where the combination of matched fluid and diuretic infusion has
been found to induce much higher urine output rates than is pos-
sible with either on their own." It has been demonstrated that
it is able to protect patients from contrast-induced acute kidney
injury.'?

The hypothesis of the TARGET-1 and TARGET-2 trials was that
this platform technology could be safely applied to hospitalized
patients with AHF. The study was designed as a safety pilot study,
but also included measurements to support future evaluation of
the efficacy of the therapy.

Materials and methods

We present the results of the TARGET-1 and TARGET-2 trials
(NCT03897842), two non-randomized, single-centre, prospective
studies that ran consecutively in our institution between 2017
and 2019. This was the first-in-man use of the Reprieve System™ for
controlled decongestion in AHF. Study protocols were independently
approved by the local ethics committee and the studies were con-
ducted in accordance with the Declaration of Helsinki. All patients
provided written informed consent prior to enrolment.

The Reprieve System

The Reprieve System™ comprises an automated fluid management
system that measures patient's urine output and delivers volume
sterile replacement solution in order to achieve a clinician set
fluid balance. For example, if the desired fluid balance was pro-
grammed to —150 mL/h and the patient’s urine output was 350 mL/h,
the system would infuse 200mL of sterile replacement solution
to achieve the target fluid balance. The device is connected to

12

the patient through a peripheral vein cannula and urinary catheter
(Figure 1).

Study design and patients

The TARGET-1 and TARGET-2 studies were designed to investigate
the safety and decongestive efficacy of the Reprieve System ™ added to
standard diuretic-based regimen in patients with AHF. Patients served
as their own controls: each patient underwent 24 h of standard diuretic
therapy followed by atleast 24 h of diuretics with Reprieve therapy with
normal saline (NaCl 0.9% Baxter) used for volume replacement.

In both studies the infusion connector of the Reprieve System™ was
inserted into the patient’s intravenous catheter and the urine tubing
connector into the Foley catheter. Subsequently, in TARGET-1, each
patient received a bolus of 40 mg furosemide intravenously followed
by 1h of matched replacement (desired fluid balance set to 0 mL/h),
after which desired fluid balance was set to — 100 mL/h. Although there
was no pre-specified protocol of furosemide administration, a treating
physician was instructed to adjust the diuretic regimen in order to
maintain this negative fluid balance. During the entire period of therapy,
patients were closely monitored for adverse events, particularly signs
and symptoms of fluid overload and decision regarding changes in
desired fluid balance, and diuretic dosing was left to the discretion of
the treating physician. The TARGET-2 study followed the TARGET-1
protocol with the following changes: all patients who completed
the 24 h period of standard therapy, before initiation of Reprieve
therapy, received a 40mg furosemide bolus and only those with a
diuresis > 200 mL within the subsequent 4h were eligible to continue
the study (diuretic challenge). Immediately after receiving 200 mL of
urine, Reprieve therapy was started with a desired fluid balance set
to —200mU/h. Similarly to TARGET-1, there was no pre-specified
protocol of furosemide administration and a treating physician was
instructed to adjust the diuretic regimen in order to maintain a negative
fluid balance of =200 mL/h.

In both TARGET-1 and TARGET-2, there was no standard protocol
of diuretic administration; however, in most cases, patients were
receiving an infusion of furosemide (typically at a dose of 10mg/h)
and the diuretic dose was adjusted by a supervising physician to
achieve a desired net negative fluid balance. Additionally, all patients in
TARGET-2 had a central venous catheter inserted for haemodynamic
monitoring.

In brief, the most important entry criteria for both studies included
the following:

(i) Primary diagnosis of AHF as a reason for hospitalization.

(i) Clinical signs of congestion (despite standard background therapy
for AHF with intravenous furosemide), including persistent dys-
pnoea at rest or with minimal exertion at screening and at the
time of enrolment, pulmonary rales, peripheral oedema = +1 (on
a 0—3+ scale), and pulmonary congestion on chest radiograph (all
needed to be present).

(iii) Elevated natriuretic peptides: B-type natriuretic peptide (BNP)
=500pg/mL or MN-terminal pro-B-type natriuretic peptide
(NT-proBNP) = 2000 pg/mL; for patients aged > 75 years or with
atrial fibrillation at the time of enrolment, BNP =750 pg/mL or
NT-proBMNP = 3000 pg/mL.

(iv) Systolic blood pressure > 100 mmHg at the start and at the end
of screening.

(v) Pre-existing chronic renal failure (impaired renal function)
defined as an estimated glomerular filtration rate (eGFR)

® 2019 The Authors
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Figure 1 Scheme of the Reprieve-based therapy.

between presentation and enrolment of >25mL/min/1.73 m?
and < 90mL/min/1.73m?, calculated using the Modification of
Diet in Renal Disease (MDRD) equation.'?

As the Reprieve System™ requires the use of a standard Foley
catheter, known inability (or unwillingness) to have a Foley catheter
placed was the exclusion criterion. Detailed information of all inclu-
sion and exclusion criteria for both TARGET-1 and TARGET-2
studies as well as a flowchart of the studies are provided in the
online supplementary Appendix 57 and Figure 5 1. Baseline assessments
were performed before connection of the patient to the Reprieve
System™.

At baseline, and during the entire period of the Reprieve System™
procedure, close clinical evaluation was performed with regular blood
and urine samples taken and haemodynamic monitoring (TARGET-2).
All patients were subsequently followed up to 90days. The study
was sponsored by Reprieve Cardiovascular. The sponsor funded data

llection and data ing. Data were reviewed by the authors and
the manuscript was reviewed and approved by the authors at all stages
of development.

Outcomes

The study was aimed to evaluate the safety and tolerability of the
Reprieve System-based diuretic therapy in patients with AHF, with a
pre-specified primary endpoint assessing the amount of fluid loss that
exceeds the target fluid loss at conclusion of Reprieve therapy. As this
was a first-in-man study of this therapy, this endpoint was designed
to measure the Reprieve System ability to safely manage the patient's
fluid balance in the setting of acutely decompensated heart failure.
Serious adverse effects were reported up to 30 days.

The investigational efficacy endpoints included diuresis (measured
during the study and 24 h after completion of Reprieve therapy) and the
net negative balance (defined as the difference between urine output
and fluid intake during treatment); both were measured/calculated
hourly.

Clinical evaluation was performed at baseline and at the end of
Reprieve therapy using self-reported patient global assessment (PGA)

© 2019 The Authors
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with a simple number indicating judgement of symptom severity (with
10 being the worst and 0 indicating no symptoms).

Clinical signs of congestion were also assessed by a physician,
including assessments of the following:

(i) Jugular venous pressure (on a 3-point scale) describing the point
of pulsation of the external jugular vein [1 (< 6 cm), 2 (6—10 cm),
3 (> 10cm)]. For jugular venous pressure assessment, the patient
was positioned at a 45° incline.

(i) Oedema (0—3 scale) assessed on the basis of cedema area
and indicating indentation of skin with mild digital pressure:
O—complete absence of skin indentation, 1—small area of oedema
(ankles), indentation that resolves over 10—15 s, 2—(above ankles)
indentation that resolves over 15—30s, 3—large area of oedema
that resolves slowly after > 30s.

(iii} Pulmonary congestion (0—3 scale) assessed by lung auscultation.
The scale includes: 0—no rales, 1-rales over less than one-third
of the lung fields, 2—rales over one-third to two-thirds of the lung
fields, 3—rales over more than two-thirds of the lung fields.

(iv) Patient’s weight (kg).

Laboratory measurements in peripheral
blood and urine

4

The following laboratory par s were using standard

methods in local laboratory:

(i) Haematology: haemoglobin, haematocrit, leukocytes (white blood
cell count), platelets (at baseline, at end of the procedure, and at
days 30 and 90).

(ii} Blood gasfacid base balance (at baseline, every 3h during the
procedure and at discharge; additionally, in TARGET-2, samples
from the right atrium were also assessed every 3 h during the
procedure).

(iii) Serum electrolytes: sodium, potassium (at baseline, 12h, end of
treatment, and discharge).

(iv) Standard renal tests: creatinine, eGFR by MDRD method, blood
urea nitrogen (at baseline, 12 h, end of treatment, and discharge).
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(v) Plasma NT-proBNP (immunoenzymatic method, Siemens, Mar-
burg, Germany), troponin | (immunoenzymatic method, Single
Di ion RxL Max, Si ) (at baseline, end of procedure, and
discharge).

(vi) Urine spot samples: electrolytes (sodium, potassium), creatinine,
urea (at baseline, 12 h, end of treatment, and discharge; addition-
ally, in TARGET-2 hourly during the first 6 h of Reprieve therapy).

(vii) Biomarkers of kidney functionfinjury: serum kidney injury
molecule-1 (KIM-1), urine neutrophil gelatinase-associated
lipocalin (NGAL), plasma cystatin C (at baseline, 12 h, end of the
procedure, and discharge).

In TARGET-2, urine volume was monitored hourly, whereas urine
sodium (UMNa*) excretion (mmol/L) and net negative sodium balance
(mmol) (calculated as the difference between total sodium infused and
excreted) were monitored during the first 6h of Reprieve therapy.
After that, spot UMNa*™ concentration was measured at 12, 18 and
24 h after Reprieve therapy to estimate sodium excretion/net sodium
balance at 6 h intervals.

Haemodynamic monitoring

All patients in TARGET-2 had a central venous catheter inserted into
the carotid vein. Central venous pressure (CVP) and central venous
oxygen saturation were measured at baseline, at 12 h, and at the end
of Reprieve therapy.

Statistical analysis

Continuous variables with a normal distribution were described using
means + standard deviation, variables with skewed distribution were
described by medians with [upper and lower quartiles], categorized
variables were given as numbers and percentages. The statistical
significance of differences between the timepoints was assessed using
paired sample t-test A P-value <0.05 was considered statistically
significant. Statistical analyses were performed using the STATISTICA
13 (StatSoft Poland, Krakow, Poland).

Results

Baseline characteristics

The baseline characteristics of the study population [TARGET-1
(n=10) and TARGET-2 (n=9)] are described in Table 1.
All screened patients entered the studies. In brief, almost all
patients were male (n= 18), with mean age of 67 + 10years,
mean left ventricular ejection fraction of 34 +15%. They had
markedly elevated NT-proBNP with median [interquartile
(IQR) range] of 4492 [2662-6806] pg/mL and impaired renal
function with mean baseline serum creatinine and eGFR of
1.45 £ 0.4 mg/dL, 58 + 24 mL/min/1.73 m?, respectively. The mean
length of hospital stay before initiation of Reprieve therapy was
2+ 1 days.

Safety endpoints

The mean duration of Reprieve therapy was 25+1Th. The
procedure was well tolerated and none of the patients had any
signs of infection nor any other procedure-related complication

14

during and after the treatment phase. During the entire treatment
period, systolic blood pressure remained stable (123 +24 mmHg
at baseline, 115 +24mmHg at 6h, 119+ 19mmHg at 12h,
and 116 £ 20 mmHg at the end of Reprieve therapy; P= 0.19).
There were neither deaths nor any serious adverse events
reported in the study population until day 30.

Diuresis, net negative fluid balance
and furosemide dose

The primary efficacy endpoint of preventing excess fluid loss — i.e.
actual fluid loss not exceeding the target fluid loss at conclusion
of Reprieve therapy — was met in all 19 (100%) patients.

Table 2 reports mean hourly diuresis, volume of 0.9% MNaCl
infused, and net negative fluid balance at 6h intervals in both
studies.

The pattern of diuresis in TARGET-1 showed gradual and sub-
stantial decrease from a mean of 351 + 285 mL/h in the first 6 h to
88+ 80 mL/h between 12 and 18 h of therapy with subsequent rise
to 139 + 160 mL/h during the final period of therapy. Negative fluid
balance was stable in the first 12 h of therapy (in the mean range of
100 mL/h), and subsequently decreased during the remaining sec-
ond half of therapy. In none of the 10 patients in TARGET-1 the
actual fluid loss at the end of therapy exceeded the target fluid
loss.

In contrast, the pattern of diuresis in TARGET-2 showed only
a small decrease after the first 6h of treatment (from a mean
of 334+204ml/h to 270 +125mbL/h between 6 and 12h of
therapy) and remained stable until the end of therapy. All patients
exceeded the new TARGET two criteria of 200 mL of urine output
during the first 4 h. Negative fluid balance was stable throughout
the entire treatment period and remained in the mean range of
120-130mL/h. Again, in none of the nine patients in TARGET-2
the actual fluid loss at the end of therapy exceeded the target
fluid loss.

The combined date of all therapies revealed that the mean
total diuresis during Reprieve therapy were 6284 +2679mL (vs.
1966 +£ 1057 mL 24h before therapy) and 2053 +888mL (24h
after therapy) (both P < 0.0001).

Data from TARGET-1 and TARGET-2 showed that diure-
sis achieved during Reprieve therapy was significantly bigger
compared to 24h periods of standard diuretic therapy before
and after Reprieve therapy [4859+2219mL (vs. 1865 + 1143 mL
24h before therapy) and 1620 +610mL (24 h after therapy) for
TARGET-1; and 7867 + 2292 mL (vs. 2078 + 1008 mL 24 h before
therapy) and 2533 +927 mL (24h after therapy) for TARGET-2;
all P<0.01]. This was related to significandy higher doses of
furosemide used during Reprieve therapy in TARGET-2 com-
pared to 24h periods of standard diuretic therapy before and
after Reprieve therapy [262+98mg (vs. 76 + 40 mg before ther-
apy) and 80 + 99 mg (after therapy) in TARGET-2; both P < 0.0001]
(online supplementary Table 15). Doses of furosemide used dur-
ing treatment in TARGET-1 were not higher than before and after
Reprieve therapy [120 + 43 mg (vs. 80 +25 mg before therapy) and
90 + 27 mg (after therapy); both P> 0.05].

® 2019 The Authors
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Table 1 Baseline characteristics of the study population

Variable

TARGET-1

TARGET-2

Patients, n

Age (years)

Male sex

NYHA class II/IVIV before inclusion
Days in hospital before inclusion
Dose of oral fure ide before hospitalization (mg)
Patient’s self-reported weigh gain (kg)
Heart rate at baseline (b.p.m.)
Systolic blood pressure at admission (mmHg)
Central venous pressure (mmHg)
Central venous oxygen saturation ()
Left ventricular ejection fraction (%)
Acute heart faillure (de novo)
Ischaemic aetiology of heart failure
Haemoglobin (g/dL)

White blood count (10°/L)

PLT (10°/L)

AST (IUIL)

ALT (IUIL)

Bilirubin (mg/dL)

Sodium (mmol/L)

Potassium (mmeol/L)

Serum osmolality (mmol/L)
Creatinine (mg/dL)

eGFR (mL/min/1.73 m?)

BUN (mg/dL)

Albumin (mg/dL)

NT-proBMNP (pg/mL)

UMat at baseline (mmol/L)

Length of hospital stay (days)

67+ 10
18 (95)
0/0/3/16
241

80 [40-160]
86+58
76+ 15
125+ 14
155+ 53
49+ 12
34+ 15
7(37)

8 (42)
129+ 1.3
67+ 1.6
164 + 54
32+15
29+ 21
1.6+06
138+ 4
41+05
277+ 9
145+ 04
58+ 24
33+12
3.6+04
4492 [2662-6806]
7O+ 45
60 [35-83]
14+9

10

64+ 13
9(90)
0/o//9
241

100 [40-120]
76 +63
75+14
128+ 10
NA

NA
34+16

2 (20)
6(60)
132+ 14
66 +1.5
154+ 41
38417
38+24
1.7+£07
139+3
41+ 04
280+ 8
13+04
65 +28
33+12
36 +04
4661 [2790-6584]
55+22
50 [37-76]
14+ 12

70+ 6

9 (100)
/07
T+1

80 [80-140]
9.8+ 54
7817
122+ 18
155+5.3
49+ 12
35+15

5 (55)
2(22)
125+1.2
69+ 19
177 + 66
25+ 10
20+ 12
15+ 06
136 + 4
40+ 05
274+ 9

1.6 +04
51+ 17
34+13
35+03
4303 [2635-5675]
85+ 57

64 [35-144]
14+5

Values are shown as n (%), mean + standard deviation, or median [interquartile range].
AST, aspartate aminotransferase; ALT, alanine aminotransferase; BUN, blood urea nitrogen; eGFR, estimated glomerular fitration rate; NA, not available; NT-proBNP,
N-terminal pro-B-type natriuretic peptide; NYHA, New York Heart Association; PLT, platelet; UNa*, urine sodium.

Table 2 Diuresis, mean 0.9% NaCl solution infusion, net negative fluid balance and mean doses of furosemide during

Reprieve therapy

Variable Intervals of Reprieve therapy
(0-6 h) (6-12h)

TARGET-1
Diuresis (mL/h) 351 + 1285 166 + 104
0.9% MacCl infusion (mL/h) 251 + 283 72+ 87
Net negative fluid balance (mL/h) 100 + 63 93+ 59
Intravenous furosemide dose (mg) 4810 25+ 13
Total furosemide dose (mg) 102+43

TARGET-2
Diuresis (mL/h) 334+ 204 270 £ 125
0.9% MacCl infusion (mL/h) 200 £ 191 133 +12
Net negative fluid balance (mL/h) 133 +£55 137+ 42
Intravenous furosemide dose (mg) 66+ 15 63+ 20
Total furosemide dose (mg) 262+99

88 + 80
40 + 64
47 + 80
14+ 16

276 + 134
146 + 109
130+ 57
72435

139 £ 160
71+120
68 + 68
16+ 21

222 + 154
103 £ 120
119 + 64
68+ 34

Values are shown as mean + standard deviation.

© 2019 The Authors
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Figure 2 (A) Mean urine sodium concentration and (B) mean
net negative sodium (Ma) balance during Reprieve therapy in
TARGET-2.

Urine and serum sodium during Reprieve
therapy

Data on hourly UNa* concentration and sodium balance dur-
ing the first 6h of Reprieve therapy in the TARGET-2 popula-
tion are shown in Figure 2. A trend toward a constant, gradual
increase in UNa* within the first 6h of treatment was observed.
Mean UNa* at baseline was 91 + 40 mmol/L and increased up to
105 + 32 mmol/L after 6 h of treatment (P = 0.15), remaining stable
at 12, 18 and 24 h (111 £ 44, 114 + 44, 107 + 36 mmol/L, respec-
tively) (Figure 2A). Apart from the first hour of therapy, patients
remained at net negative sodium balance during the treatment
period (Figure 2B). The median sodium loss per hour was 9.7
[3-13] mmol/h.

Combined data from TARGET-1 and TARGET-2 showed a
significant increase in mean serum sodium from 138 +4 mmel/L
at baseline to 139 +4 mmel/L at 24h (P < 0.01). The mean serum
osmolality increased from 277 +9 mmol/L to 280 + 8 mmol/L at
the end of the procedure (P = 0.02).

16

Indices of renal function and laboratory
parametetrs

We observed an improvement in renal function as evidenced
by a decrease in creatinine (1.45+0.4mg/dL at baseline vs.
126 +04mg/dL at the end of Reprieve therapy; P<0.001)
and plasma cystatin C levels (1.6 +0.6mg/dL at baseline vs.
1.4 +0.6 mg/dL at the end of Reprieve therapy; P < 0.05). There
was also a significant drop in serum urea nitrogen (P<0.001).
Moreover, the biomarkers of renal injury urine NGAL and serum
KIM-1 remained stable during the treatment peried (all P> 0.05)
(Table 3).

Among all laboratory parameters assessed, a significant
decrease was only observed in serum potassium level (from
4.1 +£0.5mmol/L at baseline to 3.6 +04mmol/L at the end
of therapy; P<0.01). Blood gases and lactate levels remained
unchanged.

Changes in clinical status during
Reprieve therapy

All patients reported significant symptomatic improvement: PGA
score decreased from 7.7+ 1.1 points at baseline to 3.0+ 1.3
points at the end of the procedure (P <0.001) (Table 4). Jugular
venous pressure and pulmonary congestion also improved signif-
icantly at the end of Reprieve therapy, whereas the magnitude of
peripheral oedema did not change (Table 4). The median change in
patients’ weight during the procedure was —2.3 [-4.2; —1.6] kg.
During hospital stay, patients’ weight significantly decreased from
93.7 + 21.6 kg at the start of therapy to 90.7 +07 kg at the end of
therapy, and to 87.5 + 16.9 kg at discharge (Figure 3). There was no
change in NT-proBNP during Reprieve therapy (P = 0.85) (Table 4).

Haemodynamic monitoring

A decrease in CVP was observed (from 15.5 +5.3 mmHg at base-
line to 12.8+48mmHg at the end of the Reprieve therapy;
P =0.02) (Table 4). In order to estimate cardiac output, central
venous oxygen saturation was assessed, showing stable values dur-
ing the treatment phase (49 + 12% at baseline, 57 +8% at 6 h, and
54+ 14% at 24h; P = 0.1).

Discussion

This study demonstrates that the Reprieve System™ in con-
junction with diuretic therapy supports safe and controlled
decongestion in patients hospitalized with AHF The primary
efficacy endpoint to control actual fluid loss by matching it with
planned target fluid loss was met in all study patients.

There are several aspects of the study that point toward new
areas for investigation in the treatment of decongestion in AHF.

Decongestion remains the major goal of therapy in patients
admitted with AHF, though there is no yet an established regimen
for optimal use of diuretics in this clinical setting3~* In everyday
practice, physicians tend to use diuretics upon their experience,

® 2019 The Authors
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Table 3 Markers of renal function and injury during Reprieve therapy

Renal markers Baseline 12h End of Reprieve therapy P-value
Serum creatinine (mg/dL) 145+ 04 131+ 04 1.26 £+ 04 0.0002
Serum BUN (mg/dL) 3+12 3+8 EVER R 0.001
Plasma cystatin C (mg/dL) 1.6+ 06 15+05 14+ 05 0.02
MNGAL (ng/mL) 10.9 [7.4-26.9] 10.2 [4.8-17.1] 149 [7.1-25.6] 0.39
KIM-1 (pg/mL}) 123.0 + 58.1 1149 + 649 109.7 £ 59.7 0.36

Values are shown as mean + standard deviation, or median [interquartile range].

BUN, blood urea nitrogen; KIM-1, kidney injury molecule-1; NGAL, neutrophil gelatinase-associated lipocalin.

Table 4 Comparison of clinical signs and laboratory indices of congestion at the start and at the end of Reprieve

therapy (n =19)

Variable Start of Reprieve therapy End of Reprieve therapy P-value
Clinical signs of congestion
Weight (kg) 93T7+216 90.7 +207 <0.001
Jugular venous pressure (1-3 scale) <0.05
1(<éecm) 1719 15119
2 (6—10cm) 14/19 419
3(>10cm) 419 019
Oedema (0-3 scale) 0.1
0 0ne 619
1 819 419
2 ng 819
3 819 119
Pulmonary congestion (0—3 scale) <0.05
0 (no rales) 0ne 1119
1 (rales <1/3 lung fields) 219 79
2 (rales 1/3-2/3 lung fields) 16/19 1119
3 (rales >2/3 lung fields) 1119 019
Patient global assessment (points) T7+1.1 3.0+£13 <0.0001
Central venous pressure (mmHg) 155453 128+ 48 0.02
Laboratory indices of congestion
NT-proBNP (pg/mL) 4492 [2662-6806] 4927 [3316-6250] 0.85
Serum osmolarity (mmoliL) 27+9 280+8 0.02
Sodium (mmoliL) 138+4 139+ 4 0.002

Values are shown as number of patients, mean + standard deviation, or median [interquartile range].

NT-proBNP, N-terminal pro-B-type natriuretic peptide.

patient clinical profile and laboratory findings. There is reluctance
to administer high doses of diuretics due to the risk for potential
rapid, uncontrolled, intravascular volume depletion with all subse-
quent deleterious consequences.*®' This may lead to underdosing
of diuretics with resultant ineffective decongestion. Additionally,
decision on diuretic dose adjustment is often made with a substan-
tial delay, typically several hours after initial diuretic administration.
Our results show that the Reprieve System™ can improve these
shortcomings. The Reprieve System™ allows real-time adjustment
of fluid balance (net negative balance) during diuretic-based decon-
gestion in patients with AHF, thus we have been able to control
the effective volume being removed from an individual patient vir-
tually at every moment during treatment. However, whether such
an approach based on careful monitoring of hourly diuresis with

© 2019 The Authors
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concomitant adjustment of diuretics without the device would be
equally efficient cannot be undeniably excluded. In both studies we
met the efficacy endpoint of preventing excess fluid loss with fully
controlled net volume removal. Of note, it follows our desired
goal — in TARGET-1 smaller doses of furosemide were deliber-
ately used as it was a safety/feasibility study, whereas in TARGET-2
furosemide doses were higher to promote/facilitate negative fluid
balance.

Despite high rates of urine production during the entire period
of Reprieve therapy, no signs of haemodynamic instability were
seen. Mean blood pressure remained unchanged and there were no
significant drops in systolic blood pressure in any patient. In those
who underwent haemodynamic menitoring, we noticed a decrease
in CVP (indicating effective decongestion) and a trend toward an
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Figure 3 Patient’s weight during hospitalization (start vs. end
of Reprieve therapy, P < 0.001; discharge vs. end of Reprieve
therapy, P < 0.05). SD, standard deviation.

increase in mixed venous oxygen saturation (as an indirect marker
of preserved peripheral perfusion), accompanied by stable mean
lactate level."*~"7 Again, we interpret these findings as an additional
piece of evidence that controlled fluid removal with the Reprieve
System™ is safe and associated with stabilization of haemody-
namic status. This points out toward a need of ‘smooth’ decon-
gestive therapies, which by preventing fast, uncontrolled removal
of intravascular volume, would eliminate deleterious consequences
of overdiuresis.

Sodium and water retention constitutes a major determinant
of congestion in AHF Therefore, effective decongestive therapy
in the acute setting should aim at achieving a negative sodium
and water balance (short-term) followed by lenger-term reduction
in extracellular fluid volume* It has been demonstrated that
vasopressin-2 receptor antagonists, which only increase free water
elimination (aquaresis), are not effective in patients with AHF
with respect to clinical outcomes.'® In our study, all patients
achieved net negative sodium balance. This was associated with
net negative fluid balance accompanied by an increase in UNa*
concentration during treatment. Indeed, we observed a trajectory
of increasing natriuresis within the first 6h of treatment, which
seems to be an early prognosticator for effective diuretic response
and decongestion and possibly better outcomes.’®? Moreover,
we observed a significant increase of serum sodium and serum
osmolality after 24 h of therapy, likely suggesting improvement
of water/sodium handling, which is a well known factor of good
prognosis in heart failure.?! Hyponatraemia is often present in AHF,
can be deteriorated by diuretics and may further attenuate diuretic
response. Of note, the infusion of 0.9% MaCl (as a replacement)
was relatively hypertonic if compared to patients’ serum sodium
concentration (mean serum sodium vs. infusion: 138 mmol/L vs.
153.9 mmol/L), which may also enhance diuretic effectiveness.

As previously mentioned, each patient experienced a significant
(onaverage three-fold) increase in diuresis during Reprieve therapy.
It should be stressed that this was associated with significantly
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higher doses of diuretics (vs. 24 h before and after therapy). The
major concern of clinicians to use diuretics more ‘aggressively’
is renal function. However, in our cohort there was a hint of
improvement of clinical signs of heart failure accompanied by
improvement of renal function.

During the procedure, favourable changes in clinical signs and
laboratory indices of congestion were observed. PGA and pul-
monary congestion improved significantly, which was accompanied
by a gradual decrease of CVP. Although NT-proBNP level remained
unchanged after therapy, a 24 h period may not be long enough for
natriuretic peptides to decrease.

There were no deaths, no serious adverse events, no infec-
tions, or other device and procedure-related complications. The
most frequent adverse event was hypokalaemia, as mean serum
potassium decreased from 4.1 mmol/L to 3.6 mmol/L (P<0.05).
Importantly, despite extensive urine production, no laboratory
signs of acute kidney injury were seen, as biomarkers (KIM-1,
NGAL) remained stable during and after therapy. Moreover, there
was a significant improvement in markers of kidney function, as
all creatinine, eGFR, blood urea nitrogen and plasma cystatin C
improved significantly after Reprieve therapy. After Reprieve ther-
apy termination, no rebound effect occurred in terms of weight
or renal function, as patients lost approximately 6 kg and serum
creatinine improved ~0.2 mg/dL till discharge.

It is worthnoting that Reprieve therapy is not any form of
renal replacement therapy, we would rather call it a ‘support’
intervention, which means it needs (good enough) renal function
to respond to diuretics. Thus, the effect of therapy depends on
diuretic responsiveness, diuretic dose, Reprieve therapy itself, and
set net negative volume. However, it allows clinicians to control
the process of smooth decongestion.

In conclusion, the early data from the TARGET-1 and TARGET-2
trials support the hypothesis that Reprieve therapy enhances
safe and controlled decengestion in AHF patients with preserved
systolic blood pressure and pre-existing chronic renal disease,
which is related to improvement of water/sedium handling and
kidney function. These observations need further confirmation in
larger cohorts of patients with AHF.

Study limitations

This was a single-centre, one-arm study, including a rather
small population of predeminantly male patients with AHF who
showed relatively well-preserved haemodynamic status and most
of whom were able to respond well to initial, standard diuretic
therapy. Therefore, by design, patients that can be categorized
as diuretic-resistant and can potentially benefit most from this
treatment were excluded. However, one needs to remember this
was an early feasibility study designed to evaluate treatment safety
and accumulate data on device performance.

The study was not designed with a control group, and thus
we cannot fully access the efficacy of therapy. The comparison of
fluid loss before and during therapy may certainly be affected by
a number of uncontrolled factors that may have impacted urine
output and renal function before, during and after therapy. On
the other hand, however, net negative fluid balance (particularly

© 2019 The Authors
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in TARGET-2) was higher and whether this can be so efficiently
achieved with adjustment of diuretic dosage (even applying recently
recommended diuretic regimen), without using the Reprieve
System™, is not known and requires further evaluation in future
studies.

As the diuretic regimen during the study was not controlled by
any protocol, we need to be very cautious about conclusions on
furosemide efficiency. Additionally, data on urine composition were
available only during the period of Reprieve therapy, therefore we
could not compare sodium excretion and balance before, during
and after active treatmentand no definite conclusions can be drawn
regarding the effect of therapy on natriuresis.

Supplementary Information

Additional supporting information may be found online in the
Supporting Information section at the end of the article.
Appendix 51. Inclusion and exclusion criteria of the TARGET -1
and TARGET-2 studies.

Figure 51. Flowchart of the TARGET-1 and TARGET-2 studies.
Table S1. Diuresis, net fluid loss, furosemide doses 24 h before,

during and 24 h after Reprieve therapy.
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Abstract.

Background. The aim of the study was to analyze the potential relationship between the
diuretic response, the clinical profile and the concentrations of selected biochemical markers
and to identify a group of patients who will benefit from a new form of therapy combining
standard diuretic therapy with the use of a RenalGuard® system.

Methods. We investigated retrospectively 19 patients (mean age 67410 years, 95% men)
hospitalized due to ADHF (NYHA class III-1V, BP 125 + 14 / 73 £ 16 mmHg, eGFR 58 + 24)
with persistent overhydration despite standard therapy. A targeted comparative analysis of
selected clinical and biochemical parameters was performed to determine the parameters
associated with a better diuretic response (good diuretic responders - GDR group).

Results. GDR group had significantly lower levels of creatinine (1.23 £ 0.4 vs. 1.69 + 0.35, p
0.025) magnesium 0.70 £ 0.14 vs. 0.83 £ 0.09, p 0.030) and blood urea nitrogen (BUN, 28 +
11 vs. 39+ 10, p 0.045). Additionally, in GDR group a statistically significant greater ability
to dilute urine in the 12th and 24th hour of therapy was found.

Conclusions. The results of the study indicate the potential use of the RenalGuard® system in
combination with standard intravenous diuretic therapy for controlled dehydration in the
treatment of a selected group of patients with ADHF. It is advisable to identify the detailed

mechanisms of GDR and characterize this group of patients more precisely.

Keywords: acute heart failure, decongestion, diuretic response, spot urine analysis,

biomarkers.
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Introduction.

Despite the development of knowledge on heart failure pathogenesis and treatment,
exacerbation of heart failure symptoms remains one of the main causes of hospitalization in
hospital wards in patients over 65 years of age and is still related to high mortality and the
frequency of rehospitalizations.[1] In-hospital mortality among patients hospitalized due to
acute heart failure (AHF) ranges from 4 to 10%, and the incidence of death and re-
hospitalization exceeds 45% in a one-year follow-up. The most common form of clinical
manifestation in patients with acute heart failure (50-70% of cases) is the so-called acute
decompensated heart failure (ADHF). Initial clinical evaluation of patients with decompensated
heart failure allows for easy identification of four different hemodynamic profiles, including
the largest group of patients with symptoms of overhydration, without reduced peripheral

perfusion, i.e. the so-called “wet-warm” profile.[2]

Regardless of the cause of decompensation, one of the basic goals in treating patients
with acute decompensated heart failure and symptoms of fluid overload is the rapid and safe
elimination of overhydration using, among others, loop diuretics. It is known that excessive
increase in the volume of the extravascular space is, alongside hyponatremia and increased
blood urea nitrogen (BUN), one of the most important factors of poor prognosis in patients with
decompensated heart failure. The associated chronic activation of many neurohormonal factors
(mainly the renin-angiotensin-aldosterone system or vasopressin), in the group of patients
treated for chronic heart failure, causes a gradual decrease in the effectiveness of standard
pharmacological treatment, leading as a consequence to partial or complete resistance to

diuretic treatment and progressive overhydration.

The first-line treatment option for exacerbation of chronic heart failure symptoms in
patients with symptoms of congestion and overhydration remains loop diuretics, often in
combination with vasodilators.[1],[3],[4],[5] The main goal of diuretic therapy is to remove
excess fluid from the body. First, excess fluid is removed from the intravascular space and then
a volume of fluid is moved from the extravascular space to the vessels of the vascular bed at a
rate known as PRR - plasma refill rate. From a clinical point of view, the key element for the
safety and effectiveness of diuretic therapy is the ability to achieve a stable, fully controlled
rate of excess fluid movement from the extravascular space to the vascular bed. If the rate of
excess fluid removal from the intravascular space is too fast in relation to the plasma refill rate,

excessive emptying of the intravascular space may occur, resulting in a decrease in cardiac
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output and decreased renal perfusion, which leads to the activation of a number of renal and
extrarenal mechanisms of sodium and water retention in the body and, consequently, to the
development of diuretic resistance.[6],[7] There are also no clear guidelines on the optimal
dosing of diuretics, monitoring their efficacy and safety in terms of the risk of excessive diuretic
effect (excessive dehydration), kidney damage and worsening of long-term prognosis. This is
an extremely relevant clinical problem because deterioration of renal function during
hospitalization due to exacerbation of heart failure symptoms is very common and has a
significant impact on prognosis. As does chronic kidney disease coexisting with heart failure,
which is an independent factor of poor prognosis in patients with acute heart failure. [8]
Moreover, it should be considered that the use of furosemide in treatment of patients
hospitalized in Intensive Care Units is associated with a significant risk of acute kidney
damage.[9] There is therefore still a need to develop new, safe and effective methods for

eliminating overhydration and monitoring diuretic therapy in patients with acute heart failure.

Aim of the study.

The aim of the study was to assess the use of a loop diuretic (furosemide) in combination
with the method of controlled dehydration using the RenalGuard® system in patients with
ADHF and concomitant chronic kidney disease, hospitalized due to ADHF, and to attempt to
identify a group of patients who will derive significantly greater benefit from this form of
therapy, based on the analysis of the potential relationship between the diuretic response and

the clinical profile of these patients and the concentrations of selected biochemical markers.

Methods.

The analysis was performed based on a prospective, single-center study conducted in

patients hospitalized in the 4th Military Clinical Hospital in Wroctaw due to ADHF.

The study involved a non-randomized, retrospective analysis of the therapy of 19
patients hospitalized due to ADHF (NYHA class III-IV, BP 125 £ 14 / 73 £ 16 mmHg, eGFR
58 + 24) with persistent symptoms of overhydration despite standard therapy based on the use
of an intravenous loop diuretic. The study was conducted with the approval of the local
Bioethics Committee of the Lower Silesian Chamber of Physicians and the Bioethics

Committee at the Medical University of Wroctaw (opinion No. KB — 210/2019) and in
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accordance with the principles of Good Clinical Practice and the Declaration of Helsinki. All
patients gave their written informed consent to participate in the study before being included in

the study.
The most important inclusion criteria for the study included:
1. primary diagnosis of acute heart failure as the cause of hospitalization

2. clinical signs of overhydration (despite standard treatment of acute heart failure with
intravenous furosemide), which included: persistent dyspnea at rest or with minimal physical
effort at screening and recruitment, basal crackles, peripheral edema > +1 (on a scale 0-3 +) on

physical examination and radiological evidence of pulmonary congestion on plane chest X-ray.

3. elevated natriuretic peptide levels: BNP (B-type natriuretic peptide) > 500 pg/mL or
NT-proBNP (N-terminal pro-B-type natriuretic peptide) > 2000 pg/mL; in patients > 75 years
of age or with current atrial fibrillation (at the time of inclusion), BNP > 750 pg/mL or NT-
proBNP > 3000 pg/mL.

4. systolic blood pressure >100 mmHg at the start and end of the screening test

5. previous chronic kidney disease defined as an estimated glomerular filtration rate
(eGFR) between presentation and enrollment to the study >25 and <90 mL/min/1.73 m2,
calculated using the MDRD equation.

The exclusion criteria included mainly:
1. Total urine output <200 ml or average urine rate < 50 ml/hour in the Diuretic Challenge.

2. Patient is managed on, or there is a plan to manage on, renal replacement therapy (RRT)

such as ultrafiltration, hemofiltration or dialysis.

3. Dyspnea due to non-cardiac causes, such as acute or chronic respiratory disorders or
infections (i.e., severe chronic obstructive pulmonary disease, bronchitis, pneumonia),

which may interfere with the ability to interpret the primary cause of dyspnea.

4. Patients with blood pressure > 180 mmHg at the time of enrollment or persistent heart

rate > 130 bpm.

5. Significant, uncorrected, left ventricular outflow obstruction, such as obstructive

hypertrophic cardiomyopathy or severe aortic or mitral stenosis.
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The intravenous administration of a loop diuretic recommended by the current ESC
guidelines in the treatment of patients with acute heart failure was combined with the use of the
RenalGuard® system, which operates by administering 0.9% saline solution by intravenous
infusion in an amount proportional to the continuously measured volume of urine obtained per
hour. The loop diuretic (furosemide) was administered in an individual dose for each patient,
determined by the treating physician, necessary to ensure a time-planned negative fluid balance

value.

Patients treated with intravenous furosemide during the first 24 hours of hospitalization,
underwent a therapy combining intravenous furosemide with the use of the RenalGuard®
system and the Fluid Loss Limit (FLL) determined by the treating physician for the next 24
hours. The RenalGuard® system infusion catheter was connected to the patient via a peripheral
venous access, and a urine reservoir placed on the device scale was connected to a standard
Foley catheter placed in the patient's bladder for continuous monitoring of urine output. At the
beginning of therapy, all patients received 40mg of furosemide as an intravenous bolus. In the
first hour of therapy, hydration was continued in a 1:1 ratio to the obtained diuretic effect
(Matched Fluid Balance phase), and then the desired fluid balance was set (Desired Fluid
Balance phase) at -100ml/h. (Figure 1A,1B) Subsequent doses of furosemide and the drug
administration regimen (intravenous bolus or continuous intravenous infusion) were
determined based on the assessment of the patient's clinical condition in order to achieve the
assumed negative fluid balance. The study lasted up to 24 hours or until the assumed fluid loss
was achieved, indicating the achievement of euvolemia, as assessed by the study doctor. In all
patients, the symptoms of heart failure and diuretic effect were assessed, blood and urine were
collected for laboratory assessment of selected biochemical parameters and biomarkers such as
creatinine, eGFR, cystatin C, NGAL, ET-1, KIM-1 at specific time intervals during therapy, at
discharge and during 30-day follow-up, as well as the relationship between the diuretic response

and the sodium ions and creatinine levels in urine.
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Figure 1A. Diagram of the RenalGuard® system.
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Figure 1B Diagram of the RenalGuard® system.
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Statistical analysis.

Normally distributed continuous variables were described by means + standard
deviation, non-normally distributed variables were described by medians with [upper and lower
quartiles], categorical variables were given as counts and percentages. The normality of the
distribution was tested using the Shapiro-Wilk test. The statistical significance of differences
between time points was assessed using the paired samples t test or the Wilcoxon test.
Differences between the good and poor diuretic response groups were assessed using the
unpaired t test or the Mann-Whitney test. P < 0.05 was considered statistically significant.
Statistical analyses were performed using STATISTICA 13 software (StatSoft Poland, Krakow,
Poland).

Results.

The clinical characteristics of the study population are summarized in Table 1. The vast
majority of the study group were men (95%), the mean age was 67 = 10 years. Immediately
before enrollment to the study, 16 patients (84%) presented with symptoms of heart failure in
NYHA class 1V, the remaining patients were in NYHA class III. The mean systolic blood
pressure on admission was 125 + 14 mmHg, NTproBNP level was 4492 [2662 — 6806] pg/mL,

and hospitalization time 14 + 9 days.
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Variable Good diur resp | Worse diur resp. o]
Patients, n 19 0 9
Age, years 67+10 66+13 697 0.806
Male sex, n (%) 18 (95) 9(90) 9(100) 0.48
NYHA class I/11/11I/IV before inclusion 0/0/3/16 0/0/1/9 0/0/2/7 0.465
Left ventricular ejection fraction (%) 34+15 32+13 3717 0.743
Acute heart failure de novo (%) 8(42) 3(30) 5(55) 0.259
Ischaemic aetiology of heart failure 8(42) 6(60) 2(22) 0.958
(%)
Days in hospital before inclusion 2+1
LOS (days) 14+9.4 12.6%9.3 15.7%£9.9 0.391
Signs and symptoms
Patient's self-reported weigh gain (kg) 8.6+5.8
Congestion at admission 2(11)/16(84)/1(5)
<1/311/3-2/31>2/3 (%)
Peripheral oedema +/ ++/ +++ (%) 8(42)/3(16)/8(42)
JVP<6/6-12/>12(cm) 1(5)/14(74)74(21)
Heart rate at baseline (b.p.m.) 76%15 7415 78%16 0.713
Systolic blood pressure at admission 125+14 125+11 125+18 0.967
(mmHg)
Central venous oxygen saturation (%) 49+12
Treatment before admission
Furosemide dose before 80 [40-160]
hospitalisation, mg
Baseline laboratory parameters
Haemoglobin (g/dL) 12.9%£1.3 13.1%£1.56 12.6%£1.08 0.513
White blood count (10%/L) 6.7+1.6 6.8+1.33 6.7+2.01 1.000
PLT (10°/L) 164+54 170+54 159+57 0.838
AST (1U/L) 3215 34£16 3014 0.595
ALT (1IU/L) 29%21 33+24 25+17 0.743
Bilirubin (mg/dL) 1.6+£0.6 1.5%£0.5 1.7£0.7 0.513
Albumin (mg/dL) 3.6+0.4 3.5+0.4 3.6+0.3 0.462
Sodium (mmol/L) 138+4 138+3.7 137+4.3 0.870
Potassium (mmol/L) 4.1+£0.5 4.1+0.5 4.0£0.4 0.653
Serum osmolality (mmol/L) 277%9
Creatinine (mg/dL) 1.45+0.4 1.23+0.4 1.69%0.35 0.025
eGFR baseline (mL/min/1.73 m2) 57+23 68+25 4714 0.079

28




BUN (mg/dL) 3312 28+11 39+10 0.045

NTproBNP (pg/mL) 4492 [2662-5806] 3684 [2635- 5389 [4695- 0.066
5624] 6448]

Urine sodium (mmol/l) 70+45 73%43 6649 0.563

Urine chloride (mmol/l) 88+32 10332 7224 0.120

Urine creatinine (mg/dl) 98+54 120+55 73+43 0.230

Table 1 - Clinical characteristics of the population.

Diuretic effect

The mean duration of the Renal Guard® therapy in the analyzed group of patients was

25 £ 1 hours. The diuretic response during therapy expressed in milliliters [mL] was assessed

per 40 mg of furosemide, obtaining a median for the entire study population of 933mL/40mg.

(Table 2)

Diuretic response during therapy based on 40 mg of furosemide

) ) Lower | Upper
Nvalid Mean | Median . | Std dev.
quartile | quartile
Diuretic response ml/40mg 19 1043,860( 933,3333| 700,0000] 1400,000] 508,3625

Table 2 — Diuretic response during therapy (per 40 mg of furosemide).

Based on the median obtained in this way, the study population was divided into two

groups:

1. Those patients who achieved a better diuretic effect and clinical response during the therapy

were called "good diuretic responders" (GDR)

2. Those patients who achieved a worse diuretic effect and had less benefit from the therapy

were called "worse diuretic responders" (WDR). (Table 3)
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Two groups based on the median for the entire population: 933 ml/40 mg

Good diuretic - g Lower | Upper o
. t g
Variable response 1 v e eaan quartile | quartile <
Good Diuretic Resposne ml/40mg 1,00 9 |1448,148 |1400,000| 1066,667|1900,000(426,2599
Worse Diuretic Resposne m1/40mg 0,00 10 [680,0000|725,0000]600,0000 800,0000|{211,6659

Table 3 - Two groups based on the median for the entire population: 933 m1/40 mg.

Biochemical parameters

In the next stage, a targeted comparative analysis of selected clinical and biochemical

parameters was performed for the first time in both groups to determine in detail the parameters

associated with a better diuretic response and the greatest clinical benefit after the applied

therapy. In the good diuretic responders (GDR) group, significantly lower levels of creatinine,

magnesium and blood urea nitrogen (BUN) were found. (Table 4)

Variable Good diuretic response GDR | Worse diuretic response WDR P

Creatinine (mg/dl) 1.23+04 1.69 +£0.35 0.025
BUN (mg/dl) 2811 39+ 10 0.045
Magnesium (mg/dl) 0.70+0.14 0.83 +0.09 0.030
Cystatin C (mg/dl) 1.36 + 0.5 1.85+ 0.6 0.112
NGAL (ng/ml) 21.38+17.16 19.61 +£21.81 0.755
ET-1 (pg/ml) 13.97 £9.77 71.02+169.25 0.134
KIM-1 (pg/ml) 140.67 £ 25.45 1177.25+2716.97 0.404

Table 4 - Biochemical parameters — comparison

Moreover, the analysis of electrolyte levels in spot urine samples collected at specific

time intervals of therapy revealed no significant differences of sodium and chloride ions

concentrations at the beginning, in the 1%, 6, 12" hour and after the end of therapy. (Figure 2)
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Figure 2 — Sodium and chloride urine concentration.

The relationships between the diuretic response and the concentrations of sodium ions
and creatinine in urine used as markers of the kidney's ability to dilute urine (uCreat in baseline

to uCreat in subsequent timepoints) and the relationships between natriuresis and urine dilution
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(water excretion) defined as uNa/uCreat were also analyzed in the studied patient population.
In the “good diuretic responders” (GDR) group, a statistically significant greater ability to dilute
urine was found in the 12th and 24th hour of therapy, with no differences in uNa/uCreat

concentration values. (Figure 3)
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Figure 3A. Urine dilution 1h.

i
T

w
s

Urine dilution [1]
N
T

10+
0 —
ox' ons!
" piuretic Rres? pruretic Rres?P
W ors Go°

Figure 3B. Urine dilution 6h.
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Figure 3D. Urine dilution 24h.

It 1s also worth noting the significantly lower total dose of the loop diuretic used to
achieve the expected diuretic effect. In the assessment of clinical symptoms, patients from the
"good diuretic responders" (GDR) group were characterized by less severe symptoms of

overhydration, such as jugular venous pressure (JVP), pulmonary congestion or peripheral

edema. (Figure 4)
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Figure 4. Clinical feature.

Discussion.

Overhydration, with or without signs of hypoperfusion, is a major cause of
hospitalization in patients with ADHF, regardless of the geographic region.[10] From a
historical point of view, the first alternative method of dehydration to loop diuretics in patients
with ADHF and signs of overhydration was continuous venovenous ultrafiltration.[11],[12] The
randomized UNLOAD trial, which evaluated the clinical effect of ultrafiltration versus standard
diuretic therapy in the treatment of acute heart failure, demonstrated greater net weight loss and
fluid loss within 48 hours and a lower rate of rehospitalization due to heart failure symptoms at
a 90-day follow-up.[13] In contrast to previous clinical trials, a study published in 2012
highlighted for the first time a significant limitation of the use of this method, namely the risk
of exacerbation of chronic kidney disease in a group of patients treated with ultrafiltration who
had a significant increase in urea nitrogen and creatinine levels.[14] In the study by Vazir et al.,
the saturation of central venous blood was analyzed during ultrafiltration and an increase in
venous oxygen tension and a decrease in creatinine concentration were observed in the first
phase of dehydration. After obtaining 2 liters of removed fluid volume, a decrease in CVO2
and deterioration of renal function were noted. The authors of the study suggest that the
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deterioration of renal function may be related to transient changes in cardiac output occurring
during ultrafiltration.[15] The above observation may be of significant importance in the
context of the safety of controlled dehydration using the RenalGuard system, because in the
study group there was no significant variability of CVO2 during the therapy; 49+12% at
baseline, 57+8% after 6 hours and 54+14% after 24 hours (p=0.1).

So far, a number of clinical trials have been conducted using the Renal Guard system,
proving its efficacy in preventing post-contrast nephropathy, including in the group of patients
with chronic kidney disease undergoing urgent or planned percutaneous coronary
revascularization procedures.[16],[17],[18],[19] Based on a previously conducted analysis of
the safety and efficacy of the RenalGuard system in treating patients with ADHF, the procedure
was well tolerated and none of the patients had any infections or other complications related to
the procedure, either during or after the treatment phase. All patients noted significant
improvement in heart failure symptoms. The primary efficacy endpoint in preventing excessive
fluid loss — actual fluid loss not exceeding the target fluid loss after completion of Renal Guard
therapy — was met in all 19 (100%) patients. During the 30-day follow-up, no deaths or serious
adverse events were reported in the study population. Maintaining venous volume expansion

and renal perfusion pressure may have additional nephroprotective effects.[20]

The authors of a consensus statement by the Heart Failure Association of the European
Society of Cardiology published in 2021 drew attention to the need to profile patients with heart
failure in the context of making therapeutic decisions depending on the coexistence of factors
such as heart rate (below 60 bpm or above 70 bpm, atrial fibrillation, symptomatic hypotension,
eGFR below 30 or above 30 mL/min, hyperkalemia and clinical symptoms of overhydration.
[21] Currently, many authors also emphasize the role of sodium and chloride ions in the
pathophysiology of water and electrolyte metabolism disorders in the course of acute heart
failure and the assessment of their concentrations in spot urine samples as predictors of response
to diuretic therapy and independent factors allowing the identification of high-risk patients in
the course of ADHF episodes. [22],[23],[24],[25] Researchers are also focusing on explaining
the interrelationship between urinary sodium and creatinine concentrations and the response to
standard diuretic therapy, which is measured by the ability to dilute urine. [26],[27] In the
analyzed population, a significantly greater ability to dilute urine was found in the group of

patients who were characterized by a better diuretic response (GDR).

It is interesting to note that higher urinary sodium concentrations were observed between groups
at subsequent time points, in the group with a better overall diuretic response, but no significant
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differences were found when the correlation between natriuresis and urine dilution (sodium
concentration corrected for urine creatinine concentration) was taken into account, which is
consistent with the fact that natriuresis is a strong factor determining the diuretic response.
Patients with a better diuretic response showed a greater ability to dilute urine at later time
points (>12 hours) despite the same natriuresis. Despite differences in diuretic response, no
significant differences were found in the serum concentrations of renal damage markers such
as Cystatin or Kim-1. However, a trend towards higher endothelin concentrations was observed
at subsequent time points in patients with better response to treatment, which may support
increased activation of this system as a compensatory mechanism in response to increased urine

production by the kidneys (fluid loss).
Conclusions.

The results of the study indicate the potential use of the RenalGuard system in the
treatment of a selected group of patients with ADHF and symptoms of overhydration, in
combination with standard intravenous diuretic therapy for controlled dehydration. Based on
the analysis of selected biochemical parameters, a correlation was demonstrated between the
concentrations of creatinine, urea nitrogen (BUN), magnesium in serum and the diuretic
response of patients undergoing therapy with the RenalGuard system. Some differences in
sodium and chloride ions concentrations in urine samples collected at specific time intervals
were also observed, but they were statistically insignificant. Limitations of the study resulting
from the small size of the study population, single-center cohort and retrospective analysis
prevented precise determination of the clinical profile of the group of patients with ADHF who
could be expected to have a good diuretic response without an increased risk of glomerular

filtration deterioration secondary to concomitant chronic kidney disease.

Further work to determine the precise hemodynamic and biochemical profile of a larger
population of patients with the optimal effect after this form of therapy may improve the future
efficacy and safety of renal replacement therapies, currently widely used in cardiac intensive

care units in patients treated for ADHF.
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PODSUMOWANIE I WNIOSKI

Wg raportu OECD (Organizacji Wspotpracy Gospodarczej i Rozwoju) wartos¢ wskaznika
liczby hospitalizacji z powodu niewydolnosci serca w Polsce w przeliczeniu na liczbe
mieszkancow jest bez mata 3 krotnie wyzsza niz §rednia dla pozostatych krajow europejskich!.
Glowng przyczyng hospitalizacji pacjentow z ostrg dekompensacjg niewydolno$ci serca,
niezaleznie od regionu geograficznego, jest przewodnienie z objawami hipoperfuzji lub bez
hipoperfuzji'>. Stad wynika potrzeba opracowania bezpiecznej metody efektywnego
odwadniania oraz monitorowania efektu diuretycznego u chorych hospitalizowanych z powodu
ostrej dekompensacji niewydolnosci serca, zwlaszcza tych obarczonych istotnym ryzykiem

ostrego uszkodzenia nerek.

Pierwsza, alternatywna dla diuretykow petlowych, metoda odwadniania u chorych z
dekompensacja niewydolnosci serca i cechami przewodnienia, ktérg oceniano w badaniach
klinicznych byta ciagla zylno-zylna ultrafiltracja!®!”. W randomizowanym badaniu UNLOAD
oceniajacym efekt kliniczny zastosowania ultrafiltracji w poroéwnaniu ze standardowa terapia
diuretyczng w leczeniu ostrej niewydolnosci serca wykazano wigksza utrate wagi oraz ptynu
netto w ciggu 48 godzin, a takze mniejszg cz¢stos¢ rehospitalizacji z powodu objawow
niewydolnosci serca w obserwacji 90-dniowej'®. W kolejnych probach klinicznych zwrécono
jednak uwage na istotne ograniczenie zastosowania tej metody poprzez ryzyko zaostrzenia
przewlektej choroby nerek w grupie pacjentoéw leczonych za pomocg ultrafiltracji, u ktérych

stwierdzono istotny wzrost stezenia azotu mocznika i kreatyniny'*°.

Dotychczas przeprowadzono szereg badan klinicznych z zastosowaniem systemu Renal
Guard® w ktérych udowodniono jego skuteczno$¢ w profilaktyce nefropatii pokontrastowej,
miedzy innymi w grupie pacjentdw z przewlekla choroba nerek poddawanych pilnym lub

planowym zabiegom przezskdrnej rewaskularyzacji wiencowej?! .

Na podstawie badan przeprowadzonych w ramach niniejszej rozprawy po raz pierwszy
wykazano, ze zastosowanie standardowej terapii diuretykiem petlowym (furosemid) w
potaczeniu z systemem RenalGuard® w leczeniu ostrej niewydolnosci serca daje mozliwos¢
skutecznego 1 bezpiecznego, kontrolowanego odwadniania pacjentow hospitalizowanych z
powodu ostrej dekompensacji niewydolnosci serca z objawami przewodnienia. Procedura byta

dobrze tolerowana, zaden z pacjentow nie miat infekcji ani innych powiktan zwigzanych z
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procedura, zarbwno w czasie jej trwania jak i po fazie leczenia. Podczas calego okresu leczenia
skurczowe cis$nienie krwi pozostawato stabilne (123 + 24 mmHg na poczatku, 115 + 24 mmHg
po 6 godzinach, 119 = 19 mmHg po 12 godzinach i 116 + 20 mmHg na koncu terapii Renal
Guard®; p = 0,19). Wszyscy pacjenci odnotowali istotng poprawe objawow niewydolnosci
serca. W 30-dniowej obserwacji nie odnotowano zgonéw ani powaznych zdarzen
niepozadanych w badanej populacji. Stabilne st¢zenia parametréw uszkodzenia nerek
odnotowane w trakcie leczenia moga wskazywa¢ na potencjalne dodatkowe dziatanie
nefroprotekcyjne, poprzez utrzymanie wypeknienia zylnego tozyska naczyniowego i

nerkowego ci$nienia perfuzyjnego.

Przeprowadzona w kolejnym etapie badania szczegdlowa analiza wybranych parametrow
biochemicznych w celu identyfikacji grupy pacjentow ktorzy odniosg wigksza korzy$¢ z terapii
bedacej przedmiotem rozprawy, okreslonych w badaniu jako ,,good diuretic responders”
(GDR), wykazatla istotnie statystycznie wigksza zdolno$¢ do rozcienczania moczu w 12 i 24
godzinie terapii, przy braku roéznic w stgzeniu w wartosciach uNa/uCreat. Zwracata réwniez
uwage istotnie mniejsza dawke sumaryczna diuretyku petlowego zastosowana w celu
osiggniecia zaktadanego efektu diuretycznego. Ponadto pacjenci z grupy ,.good diuretic
responders” (GDR) charakteryzowali si¢ istotnie nizszym st¢zeniem kreatyniny, magnezu i
azotu mocznika (BUN) a w ocenie klinicznej mniejszym nasileniem objawow przewodnienia
takich jak wypekienie zyt szyjnych (JVP), obrzeki obwodowe czy zastd) w krazeniu ptucnym.
Szczegbdtowej analizie poddano stezenia jonow sodowych i chlorkowych elektrolitow w
probkach moczu (spot urine samples) pobranych w okreslonych przedzialach czasowych
terapii. Mimo iz nie stwierdzono istotnych statystycznie roznic w st¢zeniach elektrolitow w
probkach moczu to warto zwroci¢ uwage na wyzsze stezenie jonéw sodowych w 6 1 12 godzinie
terapii w grupie ,, good diuretic responders”, co koresponduje z faktem iz natriureza jest silnym
czynnikiem determinujagcym odpowiedz diuretyczng. Zaobserwowano réwniez tendencj¢ do
wyzszych stezen endoteliny w kolejnych punktach czasowych u pacjentow lepiej
odpowiadajacych na zastosowane leczenie, co moze przemawia¢ za wzmozong aktywacja tego
uktadu jako mechanizmu kompensacyjnego w odpowiedzi na wzmozong produkcje moczu

przez nerki.

W ostatnich latach uwaga wielu badaczy skupia si¢ na poszukiwaniu zwigzku mig¢dzy
stezeniami wybranych parametréw biochemicznych, ich rolg w mechanizmach
odpowiedzialnych za przewodnienie i odpowiedz diuretyczng, a takze ich znaczeniem jako

niezaleznych czynnikéw pozwalajacych identyfikowaé pacjentow wysokiego ryzyka w
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przebiegu epizodow dekompensacji niewydolnoéci serca?>>°. Podjeto zatem probe

precyzyjnego okreslenia profilu klinicznego grupy pacjentdow z ostrag niewydolnoscia serca u
ktérych mozna spodziewac si¢ dobrej odpowiedzi diuretycznej bez wzrostu ryzyka pogorszenia
filtracji kigbuszkowej w przebiegu wspotistniejacej przewlektej choroby nerek. Ograniczona

liczebno$¢ grupy badanej nie pozwolita jednak na uzyskanie istotnych statystycznie roznic.

Podsumowujac, wyniki pracy majg wartos¢ poznawczg i kliniczng oraz mogg wskazywac na
potencjalng mozliwos$¢ zastosowania systemu RenalGuard® w leczeniu wyselekcjonowanej
grupy pacjentdw z ostra dekompensacjg niewydolnos$ci serca i objawami przewodnienia, w
polaczeniu ze standardowym leczeniem diuretykiem dozylnie, jako bezpiecznej i efektywnej
techniki kontrolowanego odwadniania. Jednoczes$nie, wobec szeroko rozpowszechnionego
obecnie stosowania technik nerkozastepczych w oddziatach intensywnej terapii
kardiologicznej, uzyskane wyniki badan mogg stanowi¢ podstawe do dalszych prac nad
okresleniem doktadnego profilu hemodynamicznego i biochemicznego populacji pacjentéw
charakteryzujacych si¢ optymalnym efektem po zastosowaniu tej formy terapii a w

konsekwencji poprawg rokowania w stale rosngcej grupie pacjentow z niewydolnoscig serca.
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STRESZCZENIE

Stale rosngca populacja chorych z niewydolnoscig serca jest w obecnych czasach jednym z
najwazniejszych probleméw w ogdlnie pojetej opiece zdrowotnej. Wraz z wiekiem z wiekiem
pacjentdow wcigz ros$nie czesto$¢ rehospitalizacji z powodu niewydolnosci serca a w
konsekwencji rosng koszty opieki zdrowotnej. Podejmowane sg zatem dziatania w kierunku
poszukiwania nowych, skuteczniejszych a zarazem bezpiecznych metod leczenia. Jednym z
najczgstszych probleméw klinicznych z jakim przychodzi zmierzy¢ si¢ w leczeniu chorych z
ostra dekompensacja niewydolnosci serca (ADHF) jest skuteczna i bezpieczna eliminacja

objawow przewodnienia.

Celem niniejszej pracy byla ocena, zastosowanego po raz pierwszy w grupie pacjentow z ostra
dekompensacja niewydolno$ci serca, polaczenia standardowej terapii opartej na diuretyku
petlowym (furosemid) 1 metody kontrolowanego odwadniana z zastosowaniem systemu
RenalGuard®, u pacjentow z zaawansowang niewydolnos$cig serca i wspoétistniejaca przewlekta
chorobg nerek, hospitalizowanych z powodu ostrej dekompensacji niewydolnosci serca. W
kolejnym etapie badania podj¢to rowniez proba identyfikacji grupy pacjentow ktorzy odniosa
istotnie wigksza korzy$¢ z tej formy terapii, na podstawie retrospektywnej analizy
potencjalnego zwigzku pomiedzy odpowiedzig diuretyczng, profilem klinicznym pacjentdéw i

stezeniami wybranych markerow biochemicznych.

W ramach rozprawy przeprowadzono dwa badania, ktérych wyniki opublikowano w

recenzowanych czasopismach mi¢dzynarodowych w formie dwoch manuskryptow.

Pierwsza praca pt.” Controlled decongestion by Reprieve therapy in acute heart failure: results
of the TARGET-1 and TARGET-2 studies.” obejmuje przeprowadzong w sposob
nierandomizowany, prospektywna analiz¢ terapii 19 pacjentéw z przewlekla choroba nerek
hospitalizowanych z powodu ostrej dekompensacji niewydolnos$ci serca (klasa NYHA III-IV,
RR 125 + 14 / 73 + 16 mmHg, eGFR 58 + 24) z utrzymujacymi si¢ objawami przewodnienia
w ktorej stwierdzono, ze zastosowanie systemu RenalGuard®, w potaczeniu ze standardowg
terapig opartg na diuretyku petlowym dozylnie, daje mozliwos¢ skutecznego i1 bezpiecznego,
kontrolowanego odwadniania pacjentow hospitalizowanych z powodu ADHF z objawami
przewodnienia. Procedura byta dobrze tolerowana, zaden z pacjentéw nie mial infekcji ani
innych powiktan zwigzanych z procedura, zarbwno w czasie jej trwania jak i po fazie leczenia.
Podczas catego okresu leczenia skurczowe ci$nienie krwi pozostawato stabilne (123 + 24

mmHg na poczatku, 115 + 24 mmHg po 6 godzinach, 119 + 19 mmHg po 12 godzinach i 116
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+ 20 mmHg na koncu terapii Renal Guard®; p = 0,19). Wszyscy pacjenci odnotowali istotng
poprawe objawow niewydolnosci serca. W 30-dniowej obserwacji nie odnotowano zgondéw ani
powaznych zdarzen niepozadanych w badanej populacji.

Druga praca pt.: “Diuretic treatment using the RenalGuard® system in patients hospitalized due
to acute decompensated heart failure and characterization of the profile of patients with good
and poor response to treatment — preliminary study.“ jest retrospektywna, ukierunkowang
analiza poréwnawcza wybranych parametrow klinicznych i1 biochemicznych w  celu
szczegotowego okreslenia parametrow zwigzanych z lepsza odpowiedzig diuretyczng i
najwigkszg korzyscig kliniczng po zastosowanej terapii z zastosowaniem systemu
RenalGuard®, w ktorej stwierdzono istotnie nizsze st¢zenie kreatyniny, magnezu i azotu
mocznika (BUN) oraz istotnie statystycznie wigkszg zdolno$¢ do rozcienczania moczu w 12 i
24 godzinie terapii w grupie pacjentéw ,, good diuretic responders”’, ktorzy charakteryzowali
si¢ ponadto mniejszym nasileniem objawdw przewodnienia oraz mniejszg sumaryczng dawka

diuretyku petlowego potrzebng do osiggni¢cia zaktadanego efektu diuretycznego.

Na podstawie wynikéw badan uzyskanych w toku rozprawy wysunigto nast¢pujace

whnioski:

1. Zastosowanie standardowej terapii diuretykiem petlowym w potaczeniu z systemem
RenalGuard® daje mozliwo$¢ skutecznego i bezpiecznego odwadniania pacjentdw z
przewlekta chorobg nerek, hospitalizowanych z powodu ostrej dekompensacji
niewydolnosci serca i objawami przewodnienia.

2. Precyzyjna identyfikacja parametrow hemodynamicznych i biochemicznych w grupie
pacjentéw z ADHF ktérzy odniosa najwicksza korzys¢ z tej nowej formy terapii, przy
zachowanym profilu bezpieczenstwa, wymaga przeprowadzenia dalszych badan na
wiekszej populacji chorych.

3. Istnieje uzasadniona potrzeba poszukiwania nowych metod efektywnego odwadniania
w leczeniu pacjentow hospitalizowanych z powodu AHDF i objawami przewodnienia

w celu poprawy wcigz ztego rokowania w tej grupie chorych.
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ABSTRACT

The constantly growing population of patients with heart failure is currently one of the most
important problems in the general healthcare system. As patients age, the frequency of
rehospitalizations due to heart failure is constantly increasing, and as a consequence, healthcare
costs are rising. Therefore, actions are being taken to find new, more effective and safe methods
of treatment. One of the most common clinical problems encountered in the treatment of
patients with acute decompensated heart failure (ADHF) is the effective and safe elimination
of symptoms of overhydration. The aim of this study was to evaluate the combination of
standard therapy based on a loop diuretic (furosemide) and the method of controlled
dehydration using the RenalGuard® system, used for the first time in a group of patients with
acute decompensated heart failure, in patients with advanced heart failure and concomitant
chronic kidney disease, hospitalized due to acute decompensated heart failure. In the next stage
of the study, an attempt was also made to identify a group of patients who would benefit
significantly more from this form of therapy, based on a retrospective analysis of the potential
relationship between the diuretic response, the clinical profile of patients and the concentrations

of selected biochemical markers.

As part of the dissertation, two studies were conducted, the results of which were published in

peer-reviewed international journals in the form of two manuscripts.

The first paper entitled "Controlled decongestion by Reprieve therapy in acute heart failure:
results of the TARGET-1 and TARGET-2 studies." includes a non-randomized, prospective
analysis of the therapy of 19 patients with chronic kidney disease hospitalized due to acute
decompensated heart failure (NYHA class III-IV, RR 125 + 14 / 73 + 16 mmHg, eGFR 58 +
24) with persistent symptoms of overhydration, in which it was found that the use of the
RenalGuard® system, in combination with standard therapy based on an intravenous loop
diuretic, provides an opportunity for effective and safe, controlled dehydration of patients
hospitalized due to ADHF with symptoms of overhydration. The procedure was well tolerated,
none of the patients had infections or other complications related to the procedure, both during
its duration and after the treatment phase. Systolic blood pressure remained stable throughout
the treatment period (123 + 24 mmHg at baseline, 115 + 24 mmHg after 6 hours, 119 + 19
mmHg after 12 hours, and 116 + 20 mmHg at the end of Renal Guard® therapy; p =0.19). All
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patients noted significant improvement in heart failure symptoms. No deaths or serious adverse

events were reported in the study population at 30 days.

The second work entitled: “Diuretic treatment using the RenalGuard® system in patients
hospitalized due to acute decompensated heart failure and characterization of the profile of
patients with good and poor response to treatment — preliminary study.” is a retrospective,
focused comparative analysis of selected clinical and biochemical parameters in order to
determine in detail the parameters associated with a better diuretic response and the greatest
clinical benefit after the therapy using the RenalGuard® system, in which a significantly lower
concentration of creatinine, magnesium and urea nitrogen (BUN) was found and a statistically
significantly greater ability to dilute urine in the 12th and 24th hour of therapy in the group of
patients “good diuretic responders”, who were also characterized by a lower intensity of
overhydration symptoms and a lower total dose of loop diuretic needed to achieve the assumed

diuretic effect.

Based on the results of the research obtained during the dissertation, the following conclusions

were drawn:

1. The use of standard loop diuretic therapy in combination with the RenalGuard® system
enables effective and safe dehydration of patients with chronic kidney disease, hospitalized due

to acute decompensation of heart failure and symptoms of overhydration.

2. Precise identification of hemodynamic and biochemical parameters in the group of patients
with ADHF who will benefit the most from this new form of therapy, while maintaining a safety

profile, requires further studies on a larger population of patients.

3. There is a justified need to search for new methods of effective dehydration in the treatment
of patients hospitalized due to AHDF and symptoms of overhydration in order to improve the

poor prognosis in this group of patients.
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