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WYKAZ STOSOWANYCH SKROTOW:

ACTZ (ang. acetazolamide) -acetazolamid

AHF (ang. acute heart failure) - ostra niewydolnos¢ serca
AKI (ang. acute kidney injury) -ostre uszkodzenie nerek
Cys C (ang. Cystatin C) - cystatyna C
CRS (ang. cardiorenal syndrome)- zesp6l sercowo-nerkowy

eGFR (ang. estimated glomerular filtration rate) - wskaznik filtracji ktgbuszkowej
ESC (ang. European Society of Cardiology) — Europejskie Towarzystwo Kardiologiczne
HC (ang. hemoconcentration) — hemokoncentracja
HF (ang. heart failure) — niewydolno$¢ serca

KIM-1 (ang. Kidney Injury Molecule-1)-czasteczka uszkodzenia nerek-1
MDRD (ang. Modification of Diet in Renal Disease) - wzor filtracji klebuszkowe;j

NGAL (ang. Neutrophil Gelatinase-Associated Lipocalin) - lipokalina zwigzana z zelatynaza

NTproBNP (ang. N-terminal Pro B-type Natriuretic Peptide)-N-koncowy fragment

mozgowego peptydu natriuretycznego typu B
RAAS (ang. renin—angiotensin—aldosterone system) — uktad renina-angiotensyna-aldosteron
SNS (ang. sympathetic nervous system) — wspolczulny uktad nerwowy

True/pseudo-WRF  (ang. true/pseudo worsening renal function) — prawdziwe/pseudo

pogorszenie funkcji nerek



1. WYKAZ PUBLIKACJI STANOWIACYCH ROZPRAWE DOKTORSKA

Na niniejsza rozprawe¢ doktorska sktadaja si¢ 3 publikacje:

1. The diuretic, natriuretic and chloride-regaining effects of oral acetazolamide as an add-
on therapy for acute heart failure with volumeoverload. A single center, prospective,
randomized study

Kosiorek A, Urban S, Detyna J, Biegus J, Hurkacz M, Zymlinski R.
Pol Arch Intern Med. 2023 Jul 6:16526. doi: 10.20452/pamw.16526.

IF: 4,8 MEIN 200 pkt

Badanie opisane w publikacji 2 zostato sfinansowane w ramach subwencji SUB.E190.19.052

oraz SUBZ.A460.23.005

2. Timing of decongestion and its impact on acute heart failure prognosis
Kosiorek A, Tokarczuk W, Szymanski O, Biegus J, Zymlifiski R
Arch Med Sci.2023 Aug 25: doi:10.5114/aoms/170249

IF: 3,8 MEIN 100 pkt

3. Cardiorenal syndrome: Decongestion in heart failure across wide spectrum of kidney
pathophysiology

Kosiorek A, Biegus J, Rozentryt P, Hurkacz M, Zymliniski R
Adv Clin Exp Med 2022 Apr;31(4):445-455. doi: 10.17219/acem/144327.

IF: 2,1 MEIN 70 pkt

Laczny Impact Factor (IF) publikacji wchodzacych w sktad rozprawy doktorskiej wynosi
10,7. Catkowita liczba punktow za publikacje stanowigce rozprawe doktorska, wedtug listy
czasopism punktowanych Ministerstwa Edukacji i Nauki (MEiN) wynosi 370.



2. STRESZCZENIE

Ostra niewydolno$¢ serca (ang. acute heart failure — AHF), niezaleznie od postepu
wspotczesnej medycyny, stanowi duze wyzwanie dla systemu opieki zdrowotnej z uwagi na
ztozong, nie w pelni poznang patofizjologie, wyjatkowo heterogenng prezentacj¢ kliniczng
oraz czgsto$¢ wystepowania. Nie bez znaczenia pozostaje wysoka $miertelnos¢ 1 wskaznik
ponownych hospitalizacji u chorych z AHF. Pomimo dynamicznego rozwoju farmakoterapii,
leczenia interwencyjnego oraz zauwazalnego post¢epu w leczeniu przewlektej niewydolnosci
serca, w AHF nie dokonal si¢ istotny przelom, a przeprowadzone badania nie przyniosty
oczekiwanych rezultatow. Nadal nie dysponujemy strategia leczenia o jednoznacznie
udowodnionym korzystnym wptywie na rokowanie w tej wymagajacej populacji. Jednym z
problemow, ktory stoi u podioza trudnosci w diagnostyce 1 leczeniu AHF jest niejednorodna

prezentacja kliniczna oraz wielochorobowos¢.

Zasto] stanowi najczgstszy objaw w AHF, a jego eliminacja jest kluczowym celem
terapeutycznym. Nalezy przy tym pamigtac, ze realizacja tego celu terapeutycznego powinna
opiera¢ si¢ na precyzyjnym fenotypowaniu chorych. Zastdj moze by¢ rezultatem akumulacji
ptynéw lub ich redystrybucji, co moze skutkowaé pogorszeniem perfuzji nerkowej 1 w
zasadniczy sposob prowadzi¢ do rozwinigcia zespotu sercowo-nerkowego, a w konsekwencji
do niewydolnosci wielonarzadowej. Uzycie standardowej terapii w postaci diuretykow
petlowych czesto jest niewystarczajace, ponadto moze wigzaé si¢ z wystapieniem

niekorzystnego zjawiska opornosci diuretycznej.

Od wielu lat postuluje si¢ o korzystnym wplywie skojarzenia standardowej terapii
moczopednej obejmujacej diuretyki petlowe z inhibitorem anhydrazy weglanowej —ACTZ,
dzialajacym w obrebie cewki proksymalnej nefronu. Zwigkszona resorpcja sodu w kanaliku
proksymalnym w AHF sprzyja retencji wody i1 zwigkszeniu ci$nienia hydrostatycznego krwi,
co powoduje przechodzenie ptynu z naczyn do przestrzeni pozanaczyniowej. Dlatego tez
skojarzenie terapii z ACTZ moze by¢ pozyteczne z uwagi na rdzne, atrakcyjne mechanizmy
dziatania leku w uzyskaniu skutecznej eliminacji przewodnienia, rozumianej jako efektywna

diureza 1 natriureza, a takze w przeciwdzialaniu niekorzystnej w AHF dyschloremii.



Efektywna diureza jest istotnie zalezna rdwniez od czasu wdrozenia leczenia.
Interesujagcym miernikiem zmiany stanu objgtosci wewnatrznaczyniowej, $wiadczacej o
tempie odwadniania podczas terapii moczopgdnej jest HC, bedgca wynikiem usuwania ptynu
z kompartymentu wewnatrznaczyniowego. W rezultacie ocena zwigzku czasowego HC
(wcezesna vs. pozna HC) podczas intensywnej terapii diuretycznej w trakcie hospitalizacji,

moze dostarczy¢ wnikliwych wnioskdw na temat pozniejszej oceny rokowania w AHF.

Celem prowadzonych prac byla ocena efektywnos$ci 1 bezpieczenstwa strategii
terapeutycznych w skutecznej eliminacji nadmiaru sodu i wody w AHF. Weryfikacji poddano
hipotez¢ o potencjalnej skutecznos$ci leczenia diuretycznego skojarzonego z doustnym ACTZ
w eliminacji przewodnienia u pacjentéw z AHF, w kontek$cie efektu diuretycznego,
natriuretycznego oraz dyschloremii, z uwzglgednieniem profilu bezpieczenstwa terapii 1
poroéwnania ze standardowg terapig diuretyczng. Kolejng hipotezg byta ocena rokowniczego

znaczenia wezesnej HC w przebiegu terapii diuretycznej w AHF.

W publikacji o charakterze przegladowym “Cardiorenal syndrome: Decongestion in
heart failure across wide spectrum of kidney pathophysiology” poruszono problematyke
zespotu sercowo - nerkowego. Oméwiono funkcje nerek z punktu widzenia patofizjologii
obserwowanej w niewydolnos$ci serca. Przedstawiono role poszczegdlnych segmentdéw
nefronu w homeostazie wodno-elektrolitowej w AHF, opisano fenotypy zespotow sercowo-
nerkowych. Dodatkowo zwrocono uwage na istotne z klinicznego punktu widzenia
roznicowanie ,,pseudo-WRF” 1 ,true-WRF”, prognostyczng rol¢ monitorowania natriurezy w
AHF oraz biomarkerow wykorzystywanych w diagnostyce AKI. Przedstawiono takze
perspektywe szczegotowej klasyfikacji diuretykéw w oparciu o monitorowanie stgzenia
elektrolitow w osoczu i w moczu oraz podkreslono potrzebe rozszerzenia koncepcji zespotu

SETCOwWOo -nerkowego .

W drugiej pracy pt. ,,The diuretic, natriuretic and chloride-regaining effects of oral
acetazolamide as an add-on therapy for acute heart failure with volumeoverload. A single
center, prospective, randomized study” weryfikacji poddano hipoteze o korzystnym wptywie
terapii skojarzonej obejmujacej diuretyk petlowy 1 doustny ACTZ w pordéwnaniu do

standardowej terapii diuretykami pgtlowymi u pacjentéw hospitalizowanych z powodu AHF.

Do badania wiaczono 61 chorych hospitalizowanych z powodu AHF. Pacjenci zostali

zrandomizowani (w stosunku 1:1) do grupy poddanej standardowej terapii diuretykiem



petlowym 1iv. lub terapii diuretycznej skojarzonej z ACTZ (250 mg p.o., raz dziennie),
wlaczonym przez pierwsze 2 dni hospitalizacji. Obserwacja obejmowata 4 punkty czasowe:
dzien 1, dzien 2, dzien 3, dzien wypisu, w trakcie ktorych wykonano badania laboratoryjne w
surowicy krwi oraz w moczu. W grupie z ACTZ wykazano istotnie wickszg skumulowang
diureze, ujemny bilans pltyndéw, natriureze oraz stezenie chloru w surowicy w drugim i trzecim
dniu terapii oraz utrat¢ masy ciata w drugim dniu leczenia oraz w trakcie calej hospitalizacji.
Unikatowa warto$cig badania jest rowniez wykazanie korzystnego profilu bezpieczenstwa
terapii, nie odnotowujac wzrostu st¢zenia kreatyniny w surowicy i biomarkeréw wczesnego

uszkodzenia nerek : NGAL, KIM-1, Cys C.

W trzeciej publikacji “Timing of decongestion and its impact on acute heart failure
prognosis” u 189 chorych hospitalizowanych z powodu AHF, retrospektywnie wykazano, ze
osiggniecie wczesnej HC (w pierwszych 48 godzinach hospitalizacji), jest zwigzane z
najnizszym ryzykiem $miertelnosci ($miertelnosci catkowitej, zgonu z przyczyn sercowo-
naczyniowych) lub rehospitalizacji z powodu AHF, a takze krotszym okresem hospitalizacji w

przeciwienstwie do grupy poznej HC (ktéra wigzala si¢ z gorszym rokowaniem) 1 bez HC.

Przedstawiony cykl publikacji jest probg poszerzenia wiedzy na temat patofizjologii,
interakcji sercowo-nerkowych w AHF, w oparciu o wykorzystanie nowych, jak 1 istniejacych

narzg¢dzi diagnostycznych i terapeutycznych.

Wyniki przeprowadzonych badan dostarczajg obiecujacych wynikdw na temat
efektywnosci oraz bezpieczenstwa skojarzonej terapii diuretycznej z doustnym ACTZ w terapii
AHF. Kluczowe jest takze wykazanie klinicznej uzytecznos$ci analizy HC, bedacej rezultatem
eliminacji przewodnienia, jako wyznacznika efektywnej diurezy oraz jej rokowniczego
znaczenia w AHF. Niezbg¢dne jednak sg dalsze badania kliniczne na wigkszej populacji
chorych, ktore pozwolg na weryfikacje uzyskanych wynikow 1 potwierdzenie postawionych

hipotez.



3. SUMMARY

In spite of substantial medical advances, acute heart failure (AHF) remains a massive
challenge for the healthcare system due to its complex and not entirely clear pathophysiology,
heterogeneous clinical presentation and prevalence. High mortality and rehospitalization rates
among patients with AHF are also worth noting. Even with rapid advances in pharmacotherapy,
surgical treatment and considerable progress in the management of chronic heart failure, there
has been no major breakthrough for AHF and conducted research failed to deliver anticipated
outcomes. There is still no treatment option with proven unequivocally beneficial effects on
the prognosis in this patient population. Heterogeneous clinical presentation and
multimorbidity are among the factors that lie at the bottom of the difficulties in AHF diagnosis

and treatment.

As the most common symptom of AHF, congestion is an important focus of the therapy
and its relief remains its main goal. It should be remembered that congestion relief must be
based on precision phenotyping of patients. Congestion might be the consequence of fluid
retention or redistribution and thus lead to impairment of renal perfusion and contribute to the
development of a cardiorenal syndrome and, consequently, multiple organ dysfunction
syndrome. In many cases standard treatment based on loop diuretics proves insufficient and it

may lead to diuretic resistance.

Over the years it has been observed that a standard diuretic therapy based on loop
diuretics combined with a carbonic anhydrase inhibitor, i.e. ACTZ, which acts on the proximal
renal tubule, offers positive outcomes. In AHF increased sodium reabsorption in the proximal
tubule promotes water retention and an increase in hydrostatic blood pressure causing fluid to
shift from the vessels to extravascular spaces. With the different, interesting mechanisms of
action of ACTZ in successfully treating volume overload, i.e. achieving effective diuresis and
natriuresis, and in preventing dyschloremia, which is a risk factor in AHF patients, the addition

of ACTZ to the treatment regimen may prove beneficial.

Effective diuresis depends also on the timing of the treatment. As the result of removal
of fluid from the intravascular compartment, HC provides an interesting measure of changes
in intravascular volume status, which illustrate the speed at which fluid is lost during diuretic

therapy. An analysis of the timing of HC (early HC vs. late HC) in the course of intensive



diuretic therapy during hospitalization can be a source of valuable findings on subsequent

evaluation of prognosis in AHF.

The objective of the studies was to evaluate the effectiveness and safety of the
therapeutic strategies adopted to remove excess sodium and water in AHF. They test the
hypothesis concerning potential effectiveness of diuretic therapy combined with oral ACTZ in
eliminating volume overload in patients with AHF in the context of diuresis, natriuresis and
dyschloremia, including the safety profile of the therapy and a comparison with standard
diuretic therapy. Another objective was to analyse the prognostic significance of early HC for

the success of diuretic therapy in AHF.

The review article titled “Cardiorenal syndrome: Decongestion in heart failure
across wide spectrum of kidney pathophysiology” looks at the problems associated with
cardiorenal syndromes. It discusses the function of kidneys from the point of view of
pathophysiology seen in heart failure. It demonstrates the role of particular components of the
nephron in maintaining water and electrolyte homeostasis in AHF and provides an overview
of the phenotypes of cardiorenal syndromes. Moreover, the paper draws attention to the
differentiation between pseudo-WRF and true -WRF, which is important from the clinical
perspective, the prognostic role of monitoring natriuresis in AHF and the use of renal
biomarkers in the diagnosis of AKI. The authors propose a thorough classification of diuretics
based on plasma and urine electrolyte level monitoring and they highlight the need for

providing a broader definition of a cardiorenal syndrome.

The second paper titled ,,The diuretic, natriuretic and chloride-regaining effects of
oral acetazolamide as an add-on therapy for acute heart failure with volume overload. A
single center, prospective, randomized study” examines the hypothesis concerning positive
outcomes of combination therapy based on loop diuretics and oral ACTZ as opposed to

standard treatment with loop diuretics in patients hospitalized due to AHF.

The study population consists of 61 patients hospitalized due to AHF. The patients were
randomly assigned (in a ratio of 1:1) to one of two groups, each given a different treatment:
standard treatment with IV loop diuretics versus diuretic therapy combined with oral ACTZ
(250 mg PO, once daily) administered on day 1 and 2 of hospitalization. Observations were
obtained at 4 time points: on day 1, day 2, day 3 and at discharge, through laboratory tests of

blood serum and urine. Significantly higher cumulative diuresis, negative fluid balance,

10



natriuresis and serum chlorine level on the second and third day of treatment as well as weight
loss on the second day of treatment and throughout the whole hospitalization were reported in
the case of patients on ACTZ. What is unique about this study is that it demonstrates that the
therapy offers a good safety profile without causing any increase in serum creatinine or renal

biomarkers: NGAL, KIM-1, Cys-C.

The third paper “Timing of decongestion and its impact on acute heart failure
prognosis” retrospectively showed that in 189 patients hospitalized due to AHF early HC (in
the first 48 hours of hospitalization) correlated with the lowest risk of a composite endpoint of
mortality (all-cause mortality, death for cardiovascular reasons) or rehospitalization due to
AHF and shorter hospital stay, when compared to late HC (associated with worse prognosis)

and absent HC.

The referenced papers attempt to broaden the understanding of the pathophysiology,
cardiorenal interactions in AHF based on new and previously existing diagnostic and

therapeutic tools.

The studies provide some encouraging findings on the effectiveness and safety of
diuretic therapy combined with oral ACTZ in AHF treatment. What is also important is that
they demonstrate the clinical significance of HC status following the elimination of volume
overload, as an indicator of effective diuresis and an important prognostic factor in AHF.
Nonetheless, further clinical research on a larger population is needed to test and confirm the

proposed hypotheses.
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4. WPROWADZENIE

Ostra niewydolno$¢ serca (ang. acute heart failure - AHF), niezaleznie od postepu
wspolczesnej medycyny, stanowi duze wyzwanie i istotny problem systemu opieki zdrowotne;
ze wzgledu na zlozong patofizjologig, czesto§¢ wystgpowania oraz $miertelnosé

wewnatrzszpitalng i poszpitalng (1-2).

HF jest zespolem chorobowym, ktory dotyka 1-2% populacji 1 obejmuje ponad 60
miliondéw 0sOb na calym $wiecie, natomiast AHF jest najczestsza przyczyna pilnych przyjeé
do szpitala u pacjentow w wieku >65 lat. Niezmiennie, czg¢sto§¢ wystepowania HF
systematycznie wzrasta, migdzy innymi ze wzgledu na starzenie si¢ populacji oraz
paradoksalnie z powodu coraz lepszego i1 skuteczniejszego leczenia wielu chorob uktadu

krazenia, w tym m.in. nadci$nienia tetniczego, choroby niedokrwiennej serca (3-4).

Fundamentalng kwestia w AHF jest dostep do udowodnionych, skutecznych platform
diagnostycznych 1 terapeutycznych oraz dobrze zorganizowanej opieki medycznej (5-6).
Jednak pomimo dynamicznego rozwoju farmakoterapii i leczenia interwencyjnego w obszarze
AHF nie dokonat si¢ istotny przetom. Nadal nie dysponujemy strategia leczenia o
jednoznacznie udowodnionym korzystnym wptywie na rokowanie w ostrej fazie tego zespotu

klinicznego (7-8).

Z jednej strony ztozono$¢ interakcji patofizjologicznych 1 wielowymiarowos¢ AHF
wymaga interdyscyplinarnego podejscia diagnostyczno-terapeutycznego. Z drugiej - algorytm
postepowania powinien by¢ prosty, precyzyjny i przejrzysty, co powinno si¢ przektada¢ na
ukierunkowane leczenie (9-10). Fenotypowanie chorych przeprowadzone na podstawie
wstepnego badania przedmiotowego pozwala na identyfikacje dwoch gléwnych objawow
klinicznych zastoju i/lub hypoperfuzji, niezbednych do oceny profilu hemodynamicznego (10).
Jednak taki podzial w calo$ci nie wyczerpuje réznorodno$ci towarzyszacych objawow w tej
grupie chorych, nie pozwala takze na ocene ryzyka wystapienia dysfunkcji narzadowych, w

tym uszkodzenia nerek.

Zastoj stanowi najczestszy objaw w AHF, a jego eliminacja jest kluczowym celem
terapeutycznym (11). Zast6j moze by¢ rezultatem akumulacji ptynéw, lub ich redystrybucji, co
moze skutkowaé pogorszeniem perfuzji narzadowej i1 ostatecznie prowadzi¢ do niewydolnosci

wielonarzagdowej. Przewodnienie jest jedng z gltownych determinant uposledzenia funkcji

12



nerek (11-12). Szczeg6lng role w przebiegu AHF odgrywa AKI, prowadzace u czgsci chorych
nie tylko do przej$ciowego, ale w konsekwencji do trwalego pogorszenia filtracji kigbuszkowej
(13). Istotng prezentacja interakcji sercowo-nerkowych stanowi CRS, obejmujacy 5 podtypdw,
w ktérych poza mechanizmami hemodynamicznymi (spadek rzutu serca, uposledzenie perfuzji
narzadowej), wyrdznia si¢ takze dysfunkcj¢ SNS, aktywacj¢ RAAS oraz zmiany w sygnalizacji
cytokinowej (14-16). Taka prezentacja dysregulacji sercowo-nerkowej, zostata stworzona z
mysla o usprawnieniu dziatan diagnostycznych i1 terapeutycznych w AHF. Jednakze nadal
poszukuje si¢ kompleksowej definicji CRS w oparciu o zaburzenia gospodarki wodno-

elektrolitowej i kwasowo-zasadowej (17).

Zasto] w zasadniczy sposob wplywa nie tylko na uposledzenie filtracji klebuszkowe;j,
ale takze na rdwnie wazng czynnosciowo funkcje cewek nerkowych. Fundamentalng role w
patogenezie AHF odgrywa migdzy innymi przepuszczalno$¢ Sciany cewki blizszej oraz
sprzezenie cewkowo-ktebuszkowe w kontek$cie metabolizmu sodu i chloru (18-19). Whasciwa
ocena czynnosci metabolicznej nerek pozwala kontynuowac skuteczng terapi¢ diuretyczng oraz
identyfikowac¢ pacjentow narazonych na ryzyko wystgpienia dziatan niepozadanych lub brak
odpowiedzi na leczenie. Btedna interpretacja objawdéw w konsekwencji moze utrudniac¢ lub
wrecz uniemozliwi¢ wybor optymalnej terapii. Modyfikacje leczenia moczopednego, zar6wno
zwigzane ze stosowaniem zbyt duzych, jak i zbyt malych dawek diuretykow petlowych,
skutkuja odpowiednio nadmiernym odwodnieniem, ryzykiem hipotensji i pogorszeniem

funkcji nerek, albo niezupetng eliminacja przewodnienia pacjentow z AHF (20-21).

Stosowanie standardowej terapii w postaci diuretykow petlowych czesto jest
niewystarczajace, moze wigza¢ si¢ z klinicznie istotnym wystgpieniem niekorzystnego
zjawiska opornosci diuretycznej (22-25). Stworzenie uniwersalnego schematu stosowania
diuretykdéw nie bedzie mozliwe, z uwagi na duze zréznicowanie fenotypowe pacjentow z AHF
(26). Istotna jest regularna ocena filtracji klebuszkowej obejmujaca dynamike stezenia
kreatyniny oraz identyfikacja pacjentéw z tzw. ,, True-WRF ”(27-28). Niezwykle istotne jest
monitorowanie odpowiedzi diuretycznej. Wazng rolg stanowi¢ moze ocena dynamiki
eliminacji ptyndw, w tym m.in. bardzo prosta w realizacji ocena HC w okreslonych fazach
terapii moczopednej, z jednej strony jako markera efektywno$ci odwadniania, z drugiej jako
narzedzia prognostycznego w AHF. Pomocne w ocenie funkcji nerek moze by¢ wykorzystanie
biomarkeréw analizowanych w probkach moczu (NGAL, KIM-1, Cys-C), co pozwala na

szybka , bardziej precyzyjng diagnostyke. Jednakze implementacja tej strategii do praktyki
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klinicznej, niezaleznie od jej zalet, jest nadal ograniczona, glownie z powodu kosztow (29-30).
Dlatego tez postuluje si¢ zasadno$¢ indywidualizowania leczenia w AHF, polaczonego z
cigglym monitorowaniem odpowiedzi na terapi¢, ocen¢ diurezy, natriurezy oraz identyfikacji
innych prostych w uzyciu markerow niekorzystnego rokowania jak np. dyschloremii (31-34).
Odpowiednio wczesna interpretacja zmian czynnosci nerek pozwala na identyfikacje chorych
zagrozonych z jednej strony pogorszeniem ich funkcji, z drugiej strony brakiem poprawy

klinicznej (35-38).

W ostatnim czasie pojawily si¢ przestanki o korzystnym wptywie skojarzenia
standardowej terapii moczopg¢dnej obejmujacej diuretyki pgtlowe z inhibitorem anhydrazy
weglanowej — ACTZ, dziatajacym w obrebie cewki proksymalnej nefronu (38-42). ACTZ jest
lekiem moczopednym stosowanym w leczeniu wielu chordb (m.in. jaskry, idiopatycznego
nadcis$nienia wewnatrzczaszkowego, choroby wysokosciowej), ktorego dziatanie opiera si¢ na
zmniejszaniu wchianianiu zwrotnego sodu w kanalikach proksymalnych nerki (38). Dozylna
forma ACTZ zostata niedawno oceniona w AHF, wskazujac, ze skojarzenie tego leku z
diuretykami petlowymi prowadzi do efektywniejszej diurezy i eliminacji przewodnienia w
porownaniu ze standardowg terapig diuretyczng (38-39). Jednym z celéow badawczych
przedmiotowej rozprawy byla weryfikacja atrakcyjnej klinicznie oceny wpltywu postaci
doustnej ACTZ (jedynej dostepnej w Polsce formy leku) na diureze u chorych z AHF. Istotny
w uzyskaniu skutecznej 1 bezpiecznej diurezy i natriurezy efekt zastosowania ACTZ moze
wynika¢ z wczesniejszych doswiadczen 1 by¢ takze zwigzany z mniejszym ryzykiem
wystgpienia dyschloremii. Warto przy tym zauwazy¢, ze doustne podawanie diuretykow w
AHF, moze wiaze si¢ z ograniczong biodostgpnoscig oraz uposledzonym wchtanianiem, z
uwagi na obrzgk blony §luzowej jelit i zast6j krwi zylnej w naczyniach wlosowatych jelit, co
moze ograniczac ich efekt 1 przektadac¢ si¢ na zwigkszenie opornosci diuretycznej zwlaszcza w
zaostrzeniu AHF (23). Mechanizm dziatania ACTZ, szczegdlnie z powodu jego wptywu na
metabolizm jonow chloru wydaje si¢ by¢ atrakcyjny z perspektywy leczenia przewodnienia z

kilku powodow.

Anionowe jony chloru odgrywaja istotng rol¢ w regulacji transportu kationowych
jondéw sodu, a tym samym w utrzymaniu objetosci wewnatrznaczyniowej oraz regulacji
reabsorbcji wodno-elektrolitowej w cewkach nerkowych, o czym szerzej méwi ,.teoria
chlorkowa” H. Kataoki (33). Wyr6znia ona dwie grupy populacji pacjentow z tzw.

,pogarszajaca si¢” HF: ze wzrostem i obnizeniem st¢zenia chloru w surowicy. W grupie z
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niskim stezeniem chloru w surowicy (wskutek niewystarczajacej dystrybucji chloru do
kanalikow nerkowych), dochodzi do zmniejszonej resorpcji przefiltrowanego sodu do
przestrzeni wewnatrznaczyniowej, co prowadzi do nasilenia redukcji objetosci osocza i
wypekienia tozyska naczyniowego (tzw. arterial underfilling). Ponadto, poprzez sprzezenie
cewkowo-nerkowe w kanaliku nerkowym dystalnym, ma miejsce uruchomienie
kompensacyjnych procesOw neurohormonalnych (RAAS, SNS, pobudzenie wazopresyny,
endotelin), ktore w ostatecznym rozrachunku skutkujg pogorszeniem perfuzji narzadoéow 1 stanu
hemodynamicznego pacjenta. Natomiast w grupie ze wzrostem st¢zenia chloru w surowicy
(ktorego dystrybucja do kanalikow nerkowych jest wigksza, tym samym resorpcja
przefiltrowanego sodu do przestrzeni wewnatrznaczyniowej réwniez si¢ zwicksza), w
odwrotnym mechanizmie prowadzi do blokady niekorzystnego rokowniczo ,,btednego kota”
uktadéw neurohormonalnych, przy jednoczesnie zachowanej objeto$ci wewnatrznaczyniowe;j

1 perfuzji narzadowe;j (33).

Efektywna diureza, monitorowanie skutecznos$ci stosowanej terapii, stopnia
kompensacji zalezy rowniez od punktu czasowego i1 intensywno$ci wdrozenia leczenia (43).
Biorac pod uwage, ze oporno$¢ diuretyczna i przedtuzajace si¢ przewodnienie jest czynnikiem
ztego rokowania, interesujgcym miernikiem zmiany stanu objeto$ci wewnatrznaczyniowej
(jako markera efektywnosci terapii moczopednej) jest HC, bedaca rezultatem usuwania ptynu
wewnatrznaczyniowego (44). Efektem tego jest wzrost st¢zenia erytrocytow i biatek osocza
(44-46). W rezultacie ocena zwigzku czasowego HC (wczesna vs. pézna HC) w trakcie
hospitalizacji, moze dostarczy¢ interesujacych wnioskOw na temat intensywnosci terapii
diuretycznej, a reakcja na leczenie moze postuzy¢ ocenie rokowania. Istotne implikacje
kliniczne ma jednak precyzyjne wyznaczenie ram czasowych HC. W dotychczasowym
pismiennictwie, péozna HC wigzata si¢ z poprawa krzywej przezycia pacjentow z AHF (46).
Wytyczne z kolei, zwracaja uwage na kluczowe znaczenie pierwszych 48 h terapii diuretycznej
w celu uzyskania dobrej odpowiedzi na leczenie (10). W zwigzku z tym ocena tzw. wczesnej

HC, przedstawia nowe spojrzenie na proces leczenia 1 rokowania u chorych z AHF.

Celem rozprawy. na ktéra sktadaja sie 2 prace oryginalne i 1 praca pogladowa byla ocena:

e skutecznosci doustnej formy ACTZ w terapii addycyjnej w eliminacji sodu 1 wody oraz

wplywu na metabolizm chloru, jako potencjalnie nowej strategii terapeutycznej w AHF
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efektywnosci 1 bezpieczenstwa terapii w kontek$cie mechanizmu nefroprotekcyjnego
wynikajacego z wptywu ACTZ na metabolizm chloru
dynamiki HC w trakcie terapii diuretycznej i jej znaczenia prognostycznego u chorych

z AHF
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5. CELE BADAN

W artykule przegladowym, wchodzacym do cyklu prac, poruszono problematyke CRS.
Glownym celem prowadzonych badan w ramach rozprawy doktorskiej, byla ocena
skutecznos$ci skojarzonej terapii obejmujacej dozylny diuretyk petlowy z doustnym ACTZ w
eliminacji przewodnienia u pacjentéw z AHF, w kontek$cie wptywu na diurezg, natriurezg 1
metabolizm chloru (dyschloremig¢), z uwzglednieniem potencjalnej nefroprotekcji oraz oceng

dynamiki 1 prognostycznej roli HC u chorych z AHF.

Publikacja “Cardiorenal syndrome: Decongestion in heart failure across wide
spectrum of kidney pathophysiology” miala na celu podsumowanie wiedzy o znaczeniu i
patofizjologii CRS w AHF, omowienie wielowymiarowego charakteru interakcji sercowo-

nerkowych oraz identyfikacji skutecznej strategii leczenia w AHF.

W niniejszym artykule przegladowym na podstawie danych literaturowych:

- omowiono czynnosciowg role poszczegdlnych segmentéw nefronu w homeostazie wodno-
elektrolitowej w AHF, uwzgledniajac patofizjologi¢ filtracji ktebuszkowej oraz czynnosciowa

funkcje cewek nerkowych,

- wyrdzniono dotychczas poznane podtypy CRS oraz przedstawiono propozycje

interdyscyplinarnej koncepcji postrzegania CRS,

- omoOwiono rdéznicowanie zjawiska ,pseudo-WRF” i true-WRF” w trakcie terapii

diuretycznej w AHF,
- omoéwiono prognostyczng rolg natriurezy w skutecznej eliminacji przewodnienia oraz
znaczenie 1 rolg szerokiego spektrum biomarkeréw nerkowych wykorzystywanych do

rozpoznania uszkodzenia nerek,

- przedstawiono klasyfikacje diuretykow na podstawie ich wplywu na stezenie elektrolitow

(sodu, chloru, potasu) w osoczu i w moczu.
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W ramach publikacji pt. ,, The diuretic, natriuretic and chloride-regaining effects of
oral acetazolamide as an add-on therapy for acute heart failure with volumeoverload. A
single center, prospective, randomized study” weryfikacji poddano hipotez¢ o korzystnym
kompleksowym wptywie terapii skojarzonej obejmujacej diuretyk petlowy 1 doustny ACTZ w
porownaniu do standardowej terapii diuretykami petlowymi na eliminacj¢ przewodnienia u

pacjentdw hospitalizowanych z powodu AHF.

Cele szczegolowe publikacii:

- porownanie odpowiedzi diuretycznej, dobowego bilansu ptynéw oraz utraty masy ciata w
grupie otrzymujacej dozylny diuretyk petlowy skojarzony z doustnym ACTZ, w poréwnaniu

do grupy leczonej standardowg terapia diuretyczng w 4 punktach czasowych,

- poréwnanie dynamiki zmian st¢zenia sodu w moczu oraz st¢zenia chloru w surowicy

pomiedzy grupami w wyznaczonych punktach czasowych,

- ocena dynamiki st¢zenia kreatyniny w surowicy oraz stezeh w moczu biomarkeréw funkcji

kanalikowej nerki (NGAL, Cys C, KIM-1) w danych punktach czasowych pomigdzy grupami,

- ocena czesto$ci wystgpowania pogorszenia funkcji nerek (definiowanego jako spadek GFR
0 25% lub wzrost stezenia kreatyniny w surowicy o 0,3 mg/dl w stosunku do wartosci

wyjsciowej) w badanych grupach w trakcie terapii,

- ocena objawow HF (dusznos$¢ oceniana za pomocg 11-stopniowej skali Likerta, przyrost
masy ciala, pojawienie si¢ nowych lub nasilenie obecnych objawow przedmiotowych NS:
obrzeki obwodowe, zastdj nad polami plucnymi, wodobrzusze, poszerzenie zyt szyjnych ) w

badanych grupach w wyznaczonych punktach czasowych.

W publikacji: “Timing of decongestion and its impact on acute heart failure prognosis”
retrospektywnie w grupie 189 chorych z AHF poddano weryfikacji znaczenie HC poprzez

ocene:

- dynamiki zmian HC w trakcie leczenia chorych z AHF,
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wplywu HC na rokowanie (zgon z jakiejkolwiek przyczyny, zgon z przyczyn sercowo-

naczyniowych) oraz koniecznos$ci ponownej hospitalizacji z powodu AHF,

warto$ci predykcyjnej stezenia sodu w moczu oraz NTproBNP w okreslonych punktach

czasowych,

zwigzku dynamiki zmian HC z czasem trwania hospitalizacji.
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6. MATERIAL 1 METODY

Wszystkie badania wymienione w niniejszym opracowaniu zostaly przeprowadzone w
Instytucie Choréb Serca Uniwersytetu Medycznego we Wroctawiu oraz Osrodku Chorob
Serca 4 Wojskowego Szpitala Klinicznego we Wroctawiu. Zgode na przeprowadzenie
badania opisanego w publikacji pt. ,,The diuretic, natriuretic and chloride-regaining effects
of oral acetazolamide as an add-on therapy for acute heart failure with volumeoverload. A
single center, prospective, randomized study” wydala Komisja Bioetyczna przy
Uniwersytecie Medycznym we Wroctawiu (nr zgody 502/2020). Badanie w ramach publikacji
“Timing of decongestion and its impact on acute heart failure prognosis” zostato
opracowane na podstawie prowadzonego rejestru AHF w latach 2010-2012 oraz w 2018 roku

w Osrodku Choréb Serca 4 Wojskowego Szpitala Klinicznego we Wroctawiu.

1. W pierwszej publikacji pt. “Cardiorenal syndrome: Decongestion in heart failure across
wide spectrum of kidney pathophysiology” na podstawie dostepnej literatury
wyodrebniono koncepcje interakcji  sercowo-nerkowych oraz opisano role
funkcjonalng nefronu w kontekscie przewodnienia, jako jednej z gtéwnych determinant

uposledzenia perfuzji nerkowej w AHF (praca pogladowa).

2. W drugiej publikacji pt. ,, The diuretic, natriuretic and chloride-regaining effects oforal
acetazolamide as an add-on therapy for acute heart failure with volumeoverload. A
single center, prospective, randomized study” prospektywnie przebadano 61 pacjentow z
rozpoznaniem AHF z cechami przewodnienia, ustalonym na podstawie obowigzujacych
wytycznych E S C (1 0 ) po spetnieniu zdefiniowanych kryteriow wlaczenia i braku

kryteriow wylaczenia:

» Kryteria wlaczenia:

- wiek petnoletnosci (> 18 lat),
- dozylne podanie furosemidu przy przyjeciu,
- wyrazenie $wiadomej zgody na udziat w badaniu.

» Kryteria wylgczenia:

- ostry zespol wiencowy,

- wstrzas kardiogenny,
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- $rednie ci$nienie te¢tnicze < 65 mmHg lub ci$nienie skurczowe < 90 mmHg przy
przyjeciu,

- cigzka choroba watroby (marskos¢ watroby; ostra niewydolnos¢ watroby),

- ciezka niewydolno$¢ nerek (eGFR< 15 ml/min/1,73 m2 wedtug MDRD) lub choroba

nerek wymagajaca naglej lub planowanej nerkowej terapii zastepcze;.

Pacjenci w pierwszym dniu badania zostali zrandomizowani (w stosunku 1:1) do
grupy poddanej standardowej terapii diuretykiem petlowym iv. lub terapii diuretycznej
skojarzonej z ACTZ (250 mg p.o., raz dziennie), wlaczonym przez pierwsze 2 dni
hospitalizacji. Obserwacja obejmowata 4 punkty czasowe: dzien 1 (0-24h), dzien 2 (24h-48h),
dzien 3 (48h-72h), dzieh wypisu, w trakcie ktoérych wykonano badania laboratoryjne w
surowicy krwi oraz w moczu. Dodatkowe probki moczu odwirowano i zamrozono w celu
dalszej analizy biomarkeréw funkcji nerek: NGAL, KIM-1, Cys C. Furosemid podawany byt
zwykle w krotkotrwatym wlewie cigglym dozylnym w godzinach porannych (bez okreslonego
protokolu dawkowania). Pacjenci byli oceniani klinicznie pod katem zmiany objawow
podmiotowych (duszno$¢ oceniana za pomoca 11-stopniowej skali Likerta) oraz
przedmiotowych AHF (obrzeki obwodowe, wodobrzusze, poszerzenie zyt szyjnych, zastd) w
tozysku plucnym, ptyn w jamach oplucnowych). Codziennie monitorowano dobowy bilans

ptyndéw oraz zmian¢ masy ciata.

2.1 STATYSTYKA

Zmienne o rozkladzie normalnym zostaly przedstawione jako $rednia arytmetyczna =+
odchylenie standardowe, zmienne o rozktadzie skosnym zostaty opisane jako mediana [gorny
i dolny kwartyl]. Analize statystyczng przeprowadzono przy pomocy jednoczynnikowej
analizy wariancji ANOVA dla powtarzanych pomiarow, testu T-Studenta dla zmiennych
niezaleznych, doktadnego testu Fishera. Rozktad normalny weryfikowano testem Shapiro-
Wilka 1 uzupekiono o histogramy. W przypadku braku rozktadu normalnego prezentowano
dane za pomocg testu U-Manna Whitneya. Do poréwnania par $rednich zastosowano test post-
hoc Newmana-Keulsa. Przeprowadzono regresje¢ logistyczng celem oceny wpltywu
zastosowanego leczenia na WRF.

Wynik uznano za istotny statystycznie, gdy warto$¢ p wynosita < 0,05. Do przeprowadzenia

analiz statystycznych wykorzystano oprogramowanie STATISTICA 13.3 (Tibco, USA).
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3. W trzeciej publikacji “Timing of decongestion and its impact on acute heart
failure prognosis” retrospektywnie poddano ocenie 189 pacjentéw hospitalizowanych z
powodu AHF zgodnie z obowigzujacymi wowczas wytycznymi ESC (47), niezaleznie od
fenotypu AHF. Pacjenci byli oceniani klinicznie pod katem zmian objawow podmiotowych i
przedmiotowych przewodnienia (obrz¢ki obwodowe, poszerzenie zyl szyjnych, zastd] w
tozysku ptucnym). W trakcie hospitalizacji wykonano badania laboratoryjne w surowicy krwi
1w moczu w 3 punktach czasowych (przy przyjeciu, po 48 h, przy wypisie). Na podstawie HC
zdefiniowanej jako jednoczesny, jakikolwiek wzrost stezenia HGB 1 HCT, w poréwnaniu do

warto$ci wyjsciowej, pacjentow podzielono na 3 grupy:
- wezesna grupa HC (spetniajaca kryteria HC od przyjecia do 48h),

- pozna grupa HC (spetniajaca kryteria HC pomiedzy przyjeciem a wypisem lub pomigdzy
48h a wypisem),

- bez stwierdzanej HC.

Z pacjentami kontaktowano si¢ telefonicznie w ciggu 12 miesigcy od hospitalizacji,
przeprowadzajac wywiad z pacjentem, oceniajagc m.in. objawy podmiotowe oraz ilos¢

ponownych hospitalizacji z powodu AHF.

3.1 STATYSTYKA

Zmienne o rozkladzie normalnym przedstawiono jako $rednia + odchylenie standardowe,
natomiast zmienne o rozktadzie sko$nym przedstawione zostaly jako mediana [przedziat
mi¢dzykwartylowy]. Normalno$¢ rozktadu oceniano za pomoca testu Shapiro-Wilka. Roznice
oceniono za pomoca testu niezaleznosci chi-kwadrat Pearsona, analizy wariancji, testu log-
rank 1 ANOVA Kruskala-Wallisa. Analizy post hoc przeprowadzono z wykorzystaniem testow
NIR i Scheffe. Celem oceny czasu przezycia wykorzystano krzywe Kaplana-Meiera. Wynik
uznano za istotny statystycznie, gdy wartos¢ p wynosita < 0.05. Analize statystyczng

przeprowadzono za pomoca oprogramowania STATISTICA 12 (Tibco, USA).
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Abstract

Heart failure (HF) is a pathophysiologically complex disease that is exceptionally heterogeneous in terms of its
etiology. It is associated with unsatisfactorily high mortality, both in-hospital and post-discharge, as well
as with very frequent rehospitalizations. High phenotypic variability, coexistence of various hemodynamic
disorders (such as changes in systemic and pulmonary vascular resistance, increased central venous pressure,
impaired heart cardiac output, and fluid overload) and coexisting metabolic and neurohormonal disorders
may eventually lead to impaired systemic perfusion. Congestion thatimpairs renal perfusion has a significant
impact on both glomerular filtration and the renal tubular function. This review article discusses the im-
portance of changes caused by HF in various nephron segments, phenotyping of cardiorenal syndromes,
the role of effective natriuresis in decongestion, and the importance of known and new diagnostic biomarkers
in predicting renal dysfunction. A better understanding of cardiac and renal interactions may help in selecting
an effective, efficient and nephroprotective strategy of treatment for patients with HF.

Key words: heart failure, cardiorenal syndrome, worsening renal function, renal markers, natriuresis
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Introduction

Mutual hemodynamic and neurohormonal interaction
of the heart and kidneys determines the exceptional depen-
dence of both organs. Heart failure (HF) and kidney disease
(KD) often coexist, which carries significant prognostic im-
plications. Chronic kidney disease (CKD), defined as lower-
ing of estimated glomerular filtration rate (¢GFR) <60 mL/
min/1.73 m? is present in 4.5% of general population and
as many as 50% of patients with HE.2 A large meta-anal-
ysis involving over 1,000,000 HF patients revealed that
the presence of CKD doubles the risk of general mortality.>

Objectives

Modifications of diuretic treatment in patients with
acute HF (AHF), associated with the use of both too high
and too low doses of loop diuretics, result in excessive de-
hydration, risk of hypotension and worsening renal func-
tion. The aim of this review article was to evaluate and
compare information about the important role of renal
tubular function in the context of natriuresis and chloride
metabolism associated with effective diuresis, including
a comprehensive assessment of cardiorenal syndrome
(CRS) and renal biomarkers. An optimal diuretic treat-
ment, comprising different diuretic classes and their vari-
ous activities, should be applied in patients with AHF.

Materials and methods

This review article provides an overview of current publi-
cations indexed in MEDLINE database (using PubMed and
EBSCO), Scopus and Embase until July 2021. Taking into
consideration the selected studies, the following keywords
and Medical Subject Headings (MeSH) were used: “heart
failure”, “natriuresis”, “spot urine sodium”, “cardiorenal
syndrome”, “worsening renal function”, and “acute kidney
injury”. The Boolean operators “AND” and “OR” were also
used to narrow the search. The term “heart failure and
worsening renal function” appeared in 1966 (Scopus), 1403
(PubMed) and 1223 (Embase) results, respectively. Addi-
tionally, a detailed search for articles was carried out using
the keywords “heart failure AND cardiorenal syndrome
AND acute kidney injury”, which provided 297 results
(51 in 2020 and 2021) in PubMed, 264 results (Scopus)
and 328 results (Embase), respectively. Using the keywords
“heart failure AND natriuresis” resulted in 1054 (Scopus),
969 (PubMed) and 1408 (Embase) articles found, respec-
tively. In PubMed, the term “heart failure AND spot urine
sodium” resulted in 33 articles (out of which 9 were pub-
lished in 2020 and 2021), 50 articles in Scopus and 17 re-
sults in Embase. Due to the large number of articles re-
lated to the term “renal markers AND acute kidney injury”,
we had to narrow the search to selected renal biomarkers.
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In order to achieve a comprehensive pathophysiological
approach, in addition to using selected keywords, we also
performed a manual search.

Renal perfusion compared
to oxygen use: differentiated
distribution of energy expenditure

The kidneys are the most vascularized organ of the body.
Renal blood flow (RBF) constitutes 20-25% of resting car-
diac output (CO), and involves the renal cortex and me-
dulla whose dynamics and metabolism differ.> In terms
of anatomy, renal corpuscles (glomeruli surrounded
by Bowman’s capsule) and their vascularization are inside
the cortex, while renal tubules, located outside the cortex,
reach the medulla. Physiologically, the kidneys show a high
demand for oxygen (O,), but it is very different in the cortex
and medulla. Perfusion of the cortex constitutes as much
as 90% of blood flow and is autoregulated at low and normal
oxygen consumption (VO2), which is first and foremost
associated with the use of O, in renal tubules, necessary
for the reabsorption of approx. 99.5% of filtered sodium.
At the level of the medulla, blood flow is low and well-
maintained even when systemic perfusion is significantly
reduced.*® In most tissues (e.g., in the brain), increased O,
demand is followed by increased perfusion and O, sup-
ply. However, the load of reabsorbed sodium increases
in the kidneys simultaneously with increased RBF and
increased O, supply, which causes further increase in O,
consumption and results in a high energy expenditure
of the kidney. As a consequence, all of these processes
may paradoxically cause hypoxia of intrarenal tissue and
renal tubules (such a mechanism may occur in the case
of hypertensive and diabetic nephropathy).> On the other
hand, decreased CO, lowering of RBF in AHF and activation
of the compensatory mechanisms (sympathetic nervous
system (SNS) and renin—angiotensin—aldosterone system
(RAAS)) result in poor renal perfusion, hypoxia of cells and
renal tubules, as well as further damage thereto.*

The role of individual
nephron segments in water
and electrolyte balance

From the clinical perspective, renal metabolic function
of the kidneys understood in the context of nephron ac-
tivity should be analyzed in 3 anatomical and functional
areas: glomeruli (filtration function), renal tubules (tu-
bular function associated with reabsorption of tubular
fluid with electrolytes with simultaneous secretion) and
renal interstitium (absorption of water and electrolytes
into peritubular capillaries).
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Filtration function

The eGFR is the total result of the number of functional
nephrons. Under physiological conditions, the pace of glo-
merular filtration of a single nephron is 40-70 nL/min
with filtration fraction (FF) of 20-25%. With normal re-
nal perfusion, hydrostatic pressure in glomerular capil-
laries slowly increases from the proximal to the distal
end. As a result, the gradient of ultrafiltration pressure
is equally maintained along the entire glomerular capil-
lary.>~7 The total volume of primary urine produced under
normal conditions is approx. 180 L per day, containing ap-
prox. 1.5 L of NaCl, most of which is reabsorbed into renal
interstitial fluid and systemic circulation. The primary fil-
trate contains electrolytes (sodium, chloride) and nitrogen
metabolism products, urea, creatinine, uric acid, as well
as mineral salts and amino acids." Less than 1% of NaCl
and only a small part of other dissolved substances are
excreted with final urine. It is worth noting that glomerular
filtration reflects only the filtration function of the neph-
ron, which is very important in the production of primary
urine. The formation of final urine and effective diuresis,
understood as aquaresis and natriuresis as well as normal
regulation of chloride concentration, stem from the ef-
ficiency of renal tubule function.'¢

Fig. 1. Renal biomarkers and Na reabsorption: anatomic site along the nephron
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Tubular function
Proximal tubule

Under normal conditions, the wall of the proximal tu-
bule is freely permeable to water, which is accompanied by
the reabsorption of sodium to maintain osmotic balance.
Various transporters in the wall of the proximal tubule are
responsible for such active transport (e.g., Na*/K*-ATPase
of the basolateral membrane). This relatively stable sodium
fraction (~75%) is reabsorbed in the proximal segment
of the nephron and determined by Starling forces, regard-
less of neurohormonal activation. As a result of functional
changes in the proximal renal tubule, as much as 85% of so-
dium can be reabsorbed in AHF (Fig. 1).

Loop of Henle and distal tubule

Roughly 25% of sodium is then reabsorbed again in the site
of action of the Na/K/Cl cotransporter in the thick ascend-
ing loop of Henle’s limb. It is the site of action of loop di-
uretics (blocking of the cotransporter leads to an increase
in the sodium load in the distal tubule and promotion
of the excretion of sodium, chloride and — to a lesser ex-
tent — potassium). In the distal convoluted tubule, the so-
dium-chloride cotransporter is responsible for only about

NGAL - neutrophil gelatinase-associated lipocalin; KIM-1 — kidney injury molecule-1; IGFBP-7 — insulin growth factor-binding protein 7; NAG — N-acetyl-
B-D-glucosaminidase; IL-18 — interleukin-18; L-FABP — urinary L-type fatty acid-binding protein; TIMP-2 — tissue inhibitor of metalloproteinases;

GST - a-glutathione S-transferase; AHF — acute heart failure.
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5% of sodium reabsorption. Since this is the site of action
of thiazide diuretics, the diuretic effect of these medica-
tions is poorer than that of loop diuretics. In the collecting
duct, an aldosterone-dependent cotransporter is active (and
responsible for the absorption of 1-5% of sodium), which
is inhibited by mineralocorticoid receptor antagonists.®

Chloride and tubuloglomerular feedback

Chloride is freely filtered by glomeruli. Approximately
60% of chloride is absorbed by the proximal renal tubule.
Its concentration in urine depends proportionally on so-
dium concentration and is regulated by a number of trans-
port processes.” Macula densa (MD), which is responsible
for physiological tubuloglomerular feedback in the kid-
ney and plays a role in sodium and chloride concentration
regulation, is important for efficient function of the organ.
It is located in the place where the distal tubule approaches
the renal corpuscle and acts as an osmoreceptor of urine
flowing through the distal convoluted tubule.® The MD
reacts to changes in chloride concentration and the signal
indicating changes in osmotic pressure are transmitted
to the afferent glomerular arteriole. Describing the so-called
“chloride theory”, Kataoka draws attention to the essential
role of chloride in the pathogenesis of congestion in AHF.
Low chloride load (along with low sodium load) in the urine
of patients with AHF, in whom there is an increased sodium
resorption in the proximal tubule, stimulates the excretion
of renin by juxtaglomerular cells. Renin causes the dila-
tion of the glomerular afferent arteriole, the hyperfiltration
of glomeruli and, as a result, the activation of the vicious circle
of the RAA %! In turn, an increase in the influx of sodium
and chloride into the distal tubule activates tubuloglomerular
feedback by the breakdown of adenosine triphosphate (ATP)
into adenosine, which leads to the constriction of the afferent
glomerular arteriole and stops the activation of the RAA.
Thanks to tubuloglomerular feedback, the nephron is also
protected against hyperfiltration.512

Renal interstitium

In AHF, increased FF, which can be present even before
the occurrence of a significant decrease in eGFR, causes sig-
nificant changes in both hydrostatic and colloidal osmotic
pressure in peritubular capillaries as well as in the intersti-
tial portion of the kidney. Due to the fact that the kidneys
are surrounded by a fibrous and fatty capsule and the renal
fascia, hydrostatic pressure is evenly increased in the lu-
men of peritubular capillaries and renal interstitium (renal
venous hypertension), while the oncotic pressure of the in-
terstitial fluid decreases due to increased flow of lymph,
which flushes out interstitial proteins. On the other hand,
peritubular capillaries are impermeable to plasma proteins,
which explains why intracapillary colloidal osmotic pres-
sure remains high. These mechanisms facilitate passive
resorption of sodium with resorption of water.®!3
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Natriuresis and diuretic
treatment strategy

Early measurement spot urine sodium (UNa) may be
useful in identifying the patients who show poor response
to diuretic treatment. In a prospective observational study,
UNa was measured after the administration of the first dose
of an intravenous diuretic medication. The risk of composite
primary endpoint (death from any cause after 90 days, the use
of a mechanical circulatory support system at hospital ad-
mission and inotropic agents at discharge) was twice as high
in patients with UNa < 60 mmol/L. Worsening renal function
(WREF) occurred significantly more often in patients with
UNa < 60 mmol/L.»*In a Renal Optimization Strategies Eval-
uation (ROSE)-AHF study, a lower value of UNa < 60 mmol/L
within the first 24 h of diuresis was characteristic of patients
in whom there was a risk of extended hospitalization.!®
In addition, the evaluation of renal function, understood
as eGFR, does not provide reliable information on sodium
balance.'® Maintained eGFR profile (60 mL/min/1.73 m?)
in patients with HF and UNa < 60 mmol/L is associated with
high annual mortality rate.'®!” Early monitoring, consisting
in the recording of UNa 50—70 mmol/L after 2 h and/or di-
uresis 100-150 mL within the first 6 h of treatment, usually
malkes it possible to identify patients showing an inadequate
response to diuretic therapy.'#1° Therefore, it is neces-
sary to interpret changes in renal function adequately early
to identify patients in whom there is a risk of WRF and a lack
of clinical improvement.?%?! Furthermore, in AHF, sodium
excretion is related to clinical status and has a different
prognostic value between early phase of hospitalization and
at discharge.” As a result, the physician will be able to make
the decision of modifying the dose of the loop diuretic (double
the dose) in order to obtain maximum plasma concentrations
of the medication, or using sequential nephron blockade,
i.e, combining the treatment with diuretics with a different
mechanism of action.!

Phenotypes of CRS

In some HF patients, acute kidney injury (AKI) leads not
only to transient but also permanent impairment of glo-
merular filtration. Apart from hemodynamic mechanisms
(impaired organ perfusion due to decreased CO and high
central venous pressure (CVP)), an important role is played
by the dysfunction of SNS, activation of the RAAS, disrup-
tion of the hypothalamic—pituitary axis, and stimulation
of inflammatory reactions, including changes in cytokine
signalling.?2* It should be noted, however, that AKI may
be iatrogenic and associated with suboptimal dosing of di-
uretics in patients with HF. Such treatment may increase
the risk of excessive decongestion by decreasing intravas-
cular volume, with secondary development of prerenal
failure. From the clinical perspective, it is very important
to identify this phenomenon quickly, for example by using
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early biomarkers of renal tubular injury.?> This strategy
may play a key role in the appropriate modification of treat-
ment and prevention of the development of CRS.

CRS type |

Sudden worsening of the CO (caused by myocardial isch-
emia, arrhythmia, severe valvular heart diseases, or myo-
carditis), that results in a cascade of hemodynamic and
neurohormonal changes, leads to the arterial underfilling,2°
It causes RBF reduction, secondary activation of the com-
pensatory mechanisms of RAAS and an increase in SNS
tension. Angiotensin II activity results in the constriction
of the efferent glomerular arteriole. In order to maintain
optimal renal perfusion and constant FF, through an in-
crease in the expression of vasodilators (prostaglandin, ni-
tric oxide), the afferent glomerular arteriole is dilated.®2627
An increase in FF initially masks the absolute decrease
in eGFR, but after reaching the maximum FF at the value
of ~60%, further RBF decrease causes a significant linear
decrease in eGFR. Ultrafiltration pressure gradient cannot
be maintained any longer at the entire length of the glo-
merular capillary, which partially loses its ultrafiltration
efficiency (the “wasted capillary” phenomenon occurs).
It leads to a decrease in the general number of function-
ally active nephrons, causing a decrease in glomerular
filtration.! Reactively increased secretion of vasopressin
results in reverse resorption of water from the collecting
duct of the nephron.? Increased reflex adrenaline secre-
tion causes a significant increase in renal vascular resis-
tance, which leads to further impairment of renal perfu-
sion. In addition, the expression of endothelin I (which
is a substance with strong vasoconstrictive properties)

Fig. 2. Cardiorenal syndrome (CRS) subtypes
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leads to vasoconstriction, fostering remodeling processes
and renal vascular fibrosis.?® Also, abnormalities in the ve-
nous area of renal capillaries, stemming from increased
CVD, lead to renal interstitial edema, hypoxia and dysfunc-
tion of renal tubules (resulting from increased hydrostatic
pressure and impaired outflow of blood from the kidneys).
In a similar mechanism, increased intra-abdominal pres-
sure (IAP), occurring, for example, in the case of coexisting
ascites, leads to an impaired renal perfusion due to com-
pression. This is due to a decrease in abdominal perfusion
pressure, which is the difference between mean arterial
pressure and IAP.?

CRS type 2

Type 2 CRS is developed secondary to chronic HF,
in the case of which we observe gradual, progressive activa-
tion of compensatory mechanisms (stimulation of RAAS,
SNS and endothelin overproduction). These processes lead
to worsening of renal perfusion through the development
and perpetuation of structural changes in the renal pa-
renchyma, renal vascular fibrosis as well as dysfunction
of renal tubules. Apart from its vasoconstrictive effect,
endothelin 1 production contributes to low urine sodium
excretion, the occurrence of inflammation in the kidneys
and increased expression of aldosterone. Moreover, the co-
existing synthesis of fibronectin stimulates fibrotic pro-
cesses that are frequently irreversible.3° Aldosterone shows
expression in preglomerular vessels, glomeruli and along
distal tubules. Its increased production leads to vascular
remodeling, glomerular sclerosis, generalized endothelial
dysfunction, and increased oxidative stress.>! The CRS has
been divided into 5 subtypes (Fig. 2).3
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CRS: the updated concept

The AHF is a complex syndrome involving numerous
organs, including kidneys.32 The kidney is an important
homeostatic organ and its activity is closely interrelated
with the function of the cardiovascular system.?* Although
CRS subtypes systematize the knowledge that allows for
research on the interaction between the cardiovascular
system and the kidneys, it is only a simplification that ig-
nores the interaction between the kidneys and other key
organs and systems (lungs, liver, skeleton, gastrointesti-
nal tract and its microbiome, SNS, adipose tissue, skeletal
muscles).3*34 It is crucial to notice the role of the kidneys
in the metabolism of carbohydrates®® as well as in the regu-
lation of oxygenation of all tissues through their partici-
pation in the metabolism of iron and hemoglobin.3¢ This
homeostatically central role of the kidneys means that
a dysfunction in any of these organs may have an impact
on kidney function and such impact may be responsible
for the differentiation of the renal response to various car-
diovascular diseases.

Since the definition of CRS was developed, the under-
standing of the heterogeneity of HF, especially the role
of other diseases and organs beyond the circulatory system,
has increased significantly.?” For this reason, the analy-
sis of renal function within the conceptual paradigm
of the CRS has exhausted all its options. There is a need
for an interdisciplinary concept in which it will be possible,
on the one hand, to understand the causes of high hetero-
geneity of renal function in HF and during its treatment,
and on the other hand, to identify such functional renal
responses and the circumstances of their emergence that
are clinically unfavorable. Regardless of the phenotype
of HF, the functional renal response to its presence and
treatment may fall into one or a combination of the fol-
lowing clinically important categories:

- inadequate control of the extracellular fluid volume
with different responses to the diuretics,

— decrease in glomerular filtration,

— decrease in diuresis,

- hyperkalemia/hypokalemia,

- hyponatremia,

— acidosis/alkalosis with hypochloremia.

The abovementioned dysregulation involving the kid-
neys occurs in everyday medical practice and it is diffi-
cult to relate it to the established concepts of KD, which
includes its 2 types (acc. to KDIGO 2012):

1. CKD with eGFR below 60 mL/min/1.73 m? for
3 months or eGFR over 60 mL/min/m? with additional
evidence of kidney injury:

- albuminuria/proteinuria,

— macroscopic or microscopic changes,

— etiology (diabetes, hypertensive, interstitial disease,

etc.).

2. AKI with an increase in serum creatinine concen-
tration (SCr) by 0.3 mg/dL (26.5 pmol/L) within 48 h,
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or a 21.5-fold increase within the previous 7 days, or a de-
crease in diuresis by <0.5 mL/kg/h within 6 h.

These 2 types of KD can overlap, and this is very com-
mon in a significant percentage of patients with HF. How-
ever, these syndromes do not include abnormalities in fluid
and electrolyte balance, fluid overload and resistance to di-
uretics. In clinical practice, we see patients with HF with
preserved or reduced ejection fraction with concurrently
impaired glomerular filtration, hyperkalemia or hypochlo-
remic alkalosis due to the use of diuretics.

WREF in the course of HF

The AKI is associated with an increased risk of hospi-
talization and high in-hospital and post-discharge mor-
tality.3®% It is important to note that the AKI is a clinical
syndrome and is not synonymous to acute renal failure
(ARF). The coexistence of a rapid, persistent worsening
renal function, increased concentration of renal injury
markers, accumulation of nitrogenous and non-nitrog-
enous metabolic products, as well as profound electro-
lyte disturbances leads to ARF. Based on, for example,
the Risk, Injury, Failure, Loss, End-stage renal disease
(RIFLE) criteria, we can calculate risk and damage and
predict gradual progression of renal disease to end-stage
renal failure. However, they only make it possible to char-
acterize successive stages of renal failure development,
without necessarily showing sensitivity in the detection
of early intrarenal dysfunction.® Unfortunately, there are
patients who remain at risk of developing progressive CKD,
despite complete or nearly complete restoration of renal
function after an AKI episode. The occurrence of AKI
in patients previously diagnosed with CKD is associated
with accelerated progression thereof as well as the occur-
rence of end-stage renal failure. The AKI occurs mainly
in HF patients hospitalized due to AHF. The incidence
of AKI in population is ~20%.4°-42 The significance
of WRF among patients with AHF has been emphasized
for years.?**3 The presence of WREF, understood as an in-
crease in SCr > 0.3 mg/dL in serum or a decrease in eGFR
by >25% (expressed in mL/min/1.73 m?, calculated accord-
ing to the Modification of Diet in Renal Disease (MDRD)
formula), together with worsening or lack of improvement
in signs and symptoms of AHF, is known as the “true
WREF”. This condition requires intensification and optimi-
zation of pharmacological treatment (and, in some cases,
the introduction of renal replacement therapy), especially
when resistant fluid overload and metabolic disorders (hy-
perkalemia and acidosis) are also present, and is associated
with worse prognosis. Authors of one study observed that
general mortality increased in a 12-month follow-up of pa-
tients with true WRF (in a population of 266 patients with
HE, 73 patients (27%) reached endpoint). In the group of pa-
tients with true WRF death occurred in 9 out of 11 (82%)
patients, in the group with pseudo-WRF in 3 out of 27 (11%)
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patients and in the group without WRF in 61 out of 228 pa-
tients (27%) (p < 0.001).2%2! Importantly, in patients with
simultaneously preserved diuresis, effective decongestion
and improvement in clinical condition during the course
of treatment, an increase in creatinine/decrease in eGFR
does not imply worse prognosis (“pseudo WREF”).1:2!
It is also worth noting that the administration of loop
diuretics, angiotensin-converting enzyme (ACE) inhibi-
tors or aldosterone antagonists before hospitalization due
to HF does not have an impact on an increased risk of WRE.
Pseudo-WRF may occur as a result of the implementation
of a targeted therapy reflecting the neurohormonal block-
ade, understood as the inhibition of the RAA system, and
itis not necessarily a sign of direct renal dysfunction. Only
isolated changes in SCr occur in this group of patients.!?
Therefore, a consistent evaluation of renal function must
be conducted in each patient suffering from HF, especially
from AHF. Such strategy makes it possible to assess the ef-
fectiveness, efficacy and — thus — safety of the treatment.
Therefore, researchers are still seeking markers that are
sensitive, easy to determine and available that will be help-
ful in identifying patients with sub-clinical AKI who have
an increased risk of adverse outcomes. There are some
systems that prevent intravascular hypovolemia during
decongestion, which may reduce the risk of WREF; how-
ever, this issue needs further investigation.** The safety
of ultrafiltration also needs to be clarified in the future.*

Biomarkers of AKI

Monitoring of SCr, as a common endogenous marker
of glomerular filtration function, is a standard in the eval-
uation of renal function. This method, however, has
a number of limitations. Creatinine, a product of creatine
metabolism, which is a reserve of high-energy phosphates
in skeletal muscles, is freely filtered by renal glomeruli,
without being resorbed or secreted in the kidney (except
for 15% creatinine in urine which comes from tubular
secretion in the proximal tubule through excretion of or-
ganic cations).* When eGFR is reduced, its half-life ex-
tends from 4 h to even 24-72 h. It is particularly impor-
tant in the context of impaired metabolism in patients
with end-stage renal disease (ESRD), in whom creatinine
can be excreted or metabolized via extrarenal pathways
(up to 66% of daily production), most likely by intestinal
flora.**4” Therefore, SCr may increase only after 24—
36 h despite early renal injury, which significantly delays
the diagnosis of AKLY74748 There are also reports of de-
layed increases in SCr despite changes in eGFR occurring
already at an early stage of AKI, which can only be visible
after a 50% loss of renal functional capacity.*’ In addition,
SCr depends not only on glomerular filtration function,
but also on factors such as sex, age and body weight. In pa-
tients with low muscle mass, features of cachexia, liver
diseases or sepsis, SCr is lower and, as a result, eGFR may
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be overestimated. A protein-rich diet — consuming large
amounts of boiled meat — leads to an increase in SCr caused
by increased intestinal resorption of creatinine from con-
sumed meat."7*6~48 Thus, an increase in its SCr is not spe-
cific for early renal tubule damage (but is rather an effect
of the loss of glomerular filtration function) and requires
consideration of prerenal and extrarenal causes.”*° Blood
urea nitrogen (BUN) evaluation is also worth mentioning,
which is also helpful in diagnostic evaluation of moder-
ate and severe CKD, regardless of eGFR. It has also been
shown that increased levels of BUN in AHF patients, even
those in whom SCr levels are normal or slightly elevated,
are correlated with increased mortality. The necessity
to take into account SCr and the inertia of analysis re-
sulting thereof, constitutes a limitation of the method.°
General urinalysis is a widely available clinical parameter
with diagnostic value in the evaluation of structural and
functional causes of KD. The evaluation of urine sediment
examination, based on the evaluation of active sediment,
the number and type of epithelial cells or casts, is sig-
nificant in diagnosis of KD. This interpretation, however,
frequently does not indicate precisely whether the disease
is acute or chronic.® Renal function should also be con-
sidered when evaluating the clinical significance of urine
osmolality. Low urine osmolality is an independent risk
factor for CKD progression, and its predictive ability is not
superior to eGFR.%!

Novel renal biomarkers

In the last decade, a very interesting diagnostic platform
appeared among urinary markers that are of significance
in early prediction of AKIL Such biomarkers can be divided
into several groups according to their biological origin and
time of release after renal injury (Table 1), or potentially
reversible or irreversible effects on AKI (Fig. 3).52

Neutrophil gelatinase-associated lipocalin

The best known marker is the neutrophil gelatinase-as-
sociated lipocalin (NGAL), which is a sensitive and specific
urine and serum biomarker for predicting AKI at an early
stage. A 10-fold increase in NGAL serum concentration and
over a 100-fold increase in its concentration in the urine
of adults has been observed in AKI.***3 In a meta-analysis
of 10 studies involving 2000 patients with CRS, an increase
in serum and urine level of NGAL were predictive for renal
replacement therapy and death.® What is more, an increase
in serum NGAL indicates AKI progression after cardiac
surgeries, secondary to post-contrast AKI, as well as sep-
tic shock in children.?* Importantly, its high level is ob-
served in the case of inflammation, as NGAL is an acute
phase reactant and can be released from neutrophils and
macrophages.> Therefore, in the context of diagnostic
evaluation and intervention in early renal tubular injury,
the dynamics of NGAL synthesis, both in the serum and
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Table 1. Novel biomarkers of AKI

Renal biomarker

Anatomical and biological origin

A. Kosiorek et al. Heart failure and kidney pathophysiology

Distribution after renal injury

25 kDa glycoprotein
NGAL produced by neutrophils and epithelial cells of kidney, trachea, lung,
myocardium, stomach, and colon
KIM-1 transmembrane glycoprotein
Cystatin C 13 kDa cysteine protease inhibitor produced by all nucleated cells;
4 is freely filtered in glomeruli and reabsorbed by proximal tubular cells
IGFBP-7 metalloproteinases involved in G1 cell cycle arrest at an early stage
TIMP-2 of renal tubular cell injury
L-FABP 14 kDa intracellular lipid chaperone produced in proximal tubule and
hepatocytes
IL-18 pro-inflammatory cytokine
NAG lysosomal enzyme

— released from proximal and distal tubular cells
—increased serum and urinary concentration within 2-4 h

— produced by proximal tubular cells
- increased urinary concentration within 24-48 h

- released from proximal tubular cells
- increased urinary concentration within 12-24 h

— increased urinary concentration within 12 h

— increased urinary concentrationin 1 h

- released from proximal tubular cells within 6-24 h

— produced by proximal tubular cells within 12 h

NGAL - neutrophil gelatinase-associated lipocalin; KIM-1 — kidney injury molecule-1; IGFBP-7 — insulin growth factor-binding protein 7; NAG - N-acetyl-3-D-
glucosaminidase; IL-18 — interleukin-18; L-FABP — urinary L-type fatty acid-binding protein; TIMP-2 — tissue inhibitor of metalloproteinases.

Fig. 3. Effect of reversible and irreversible renal injury on acute kidney injury (AKI)

NGAL - neutrophil gelatinase-associated lipocalin; KIM-1 — kidney injury molecule-1; IGFBP-7 — insulin growth factor-binding protein 7; NAG — N-acetyl-3-D-
glucosaminidase; IL-18 — interleukin-18; L-FABP — urinary L-type fatty acid-binding protein; TIMP-2 — tissue inhibitor of metalloproteinases; GFR — glomerular

filtration rate; Cys C — cystatin C.

urine, can be a useful tool for a noninvasive evaluation
of AKI, even before the development of clinically evident
form of the disease.”?

Kidney injury molecule-1

In ischemic or nephrotoxic kidney injury, kidney injury
molecule-1 (KIM-1) is produced and accumulated in very
large amounts on the membrane of the renal proximal tu-
bules. Studies have shown an increase in KIM-1 expression
in kidney biopsy samples with confirmed acute tubular ne-
crosis. An increase in the concentration of this biomarker
in urine is crucial, especially in ischemic AKI, compared
to other causes (e.g., in the case of post-contrast nephropathy
or CKD, even despite concomitant urinary tract infection).>
Studies also suggest that the urinary KIM-1 may constitute
a predictive factor for the introduction of renal replacement

31

therapy and causes a risk of death during hospitalization
in patients with AKI. However, studies available to date are
not sufficient to determine the cutoff value that is predictive
for AKI in the setting of intensive medical care.>

Cystatin C

In a study involving 444 patients in an intensive care
unit (ICU), cystatin C (Cys C) concentration in urine was
significantly higher in patients with sepsis or AKI. How-
ever, results of studies investigating the use of Cys C se-
rum concentration in the detection of AKI in patients
in ICU were conflicting.5+575¢ Therefore, Cys C (primar-
ily due to its constant rate of secretion in the organism)
is a good, early marker of GFR (without the impact of in-
fection or liver diseases). Serum Cys C concentration
also does not depend on age, sex, race, muscle mass, and
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Table 2. Classifications of diuretics and their effect on the electrolyte balance (diuretic effect on serum chloride concentration)

Blreiers et Mechanism and site

Serum concentration

Urinary concentration

of action
P blocks Na/K/Cl cotransporter
Loop diuretics (e i) !
L o blocks Na/Cl cotransporter
Thiazide diuretics (distal tubule) l
blocks aldosterone receptor
AR (collecting duct) l
Acetazolamide blocks carlbomc anhydrase 1
(proximal tubule)
o blocks vasopressin V2
AEUEREE TS receptor (collecting duct) T
SGLT-2 inhibitors blocks SGLT-2 1
(proximal tubule)

! 1 1 1 -
! 1 1 1 -
T T : L ey
o e
1 - - - waterft
- - l = g

MRA — mineralocorticoid receptor antagonists, SGLT-2 — sodium-glucose cotransporter-2.

hydration. It is not, however, specific in diagnostic evalu-
ation of AKI.>*

Other biomarkers that are worth mentioning include tis-
sue inhibitor of metalloproteinases (TIMP-2) and insulin-
like growth factor-binding protein 7 (IGFBP7). They are
available for clinical use in the USA. In 728 critically ill
patients not showing any signs of AKI, the determina-
tion of urinary levels TIMP-2 and IGFBP7 constituted
a predictive value for the development of AKI (p < 0.002).3
The abovementioned renal markers in AKI have been sum-
marized in Fig. 2.

Features of a perfect renal biomarker

Due to the limitations discussed above, researchers are
constantly seeking an ideal diagnostic biomarker for pre-
dicting AKI. It should be characterized by, among other
things, high specificity for the kidneys, the ability to dis-
tinguish types, duration and etiology of AKI (renal injury,
including tubular and glomerular, prerenal and extra-
renal AKI). It is recommended that its increase provide
early information about kidney dysfunction and illustrate
the scale of such damage (with an established threshold
for the assessment of dysfunction progression and regres-
sion). It should also be widely available in everyday clinical
practice and be easy, precise and quick in terms of determi-
nation, as well as inexpensive.* Despite intensive search,
an ideal marker for early diagnosis of AKI has not been
found yet, which seems understandable due to structural
heterogeneity of the kidneys.

Classification of diuretics:
clinical perspectives

Using the selected renal biomarkers may be helpful
in predicting AKI, but there is no evidence on their effect
on diuresis. The novel CRS-guided approach, which takes
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into account the importance of metabolism of both so-
dium and chloride, is important to regulate plasma volume,
diuresis and natriuresis during decongestive treatment
in AHF. The pathophysiological mechanisms in various
nephron segments explain the crucial role of these elec-
trolytes and highlight the need for proper choice of a com-
bination of the different diuretic classes. Dyschloremia
is postulated as one of the main causes of worsening HF
during decongestive treatment.>® A new classification
of diuretics based on their effect on serum chloride con-
centration has been proposed in recent years. This concept
is consistent with recent clinical observations that chlo-
ride-regaining diuretics preserve plasma volume, enhance
vascular “tonicity” and avoid diuretic resistance (Table 2).%°

Study limitations

The study lists selected renal biomarkers which are
gaining increasing interest in research, but listing them
all would exceed the scope of this publication. In addi-
tion, the review was limited to selected pathophysiological
mechanisms related to the interdisciplinary complex issue
involving cardionephrology.

Conclusions

These complex physiological interactions with anatomi-
cal and physiological division of the nephron determine
the stability and water and electrolyte balance of the body.
Not only aquaresis, but also natriuresis and chloride se-
rum concentration may constitute a practical and useful
idea for the evaluation of efficient decongestion in patients
with HE. Complex assessment, involving such elements
as permeability of the proximal tubule wall and tubuloglo-
merular feedback, in the context of sodium and chloride
balance, with the use of biomarkers of renal function, may
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play an important role in the evaluation of patients with HF
at risk of AKI. Therefore, there is a need to update the con-
cepts of CRS and strategies for their treatment in the context
of renal function and its interaction with multiple organs.
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What’s new?

The main goal of treatment of patients with acute heart failure (AHF) is to achieve safe,
effective decongestion that translates into clinical improvement. Loop diuretics remain the
cornerstone of decongestive therapy, yet in some clinical situations they might be insufficient.
Acetazolamide is a diuretic used to treat several illnesses (i.e. glaucoma, idiopathic
intracranial hypertension, altitude sickness). It reduces sodium reabsorption in the proximal
renal tubule, which promotes diuresis. The intravenous (iv) form of acetazolamide has
recently been evaluated in AHF, indicating that the addition of acetazolamide (iv) to loop

diuretics leads to more successful decongestion compared to the standard care. Whether the
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same effect can be achieved with oral form of acetazolamide (the only form of the drug that is
available in Poland) remains unanswered. Our study provides encouraging findings about
diuretic, natriuretic and chloride regaining effects of combined decongestive therapy with oral

acetazolamide in AHF patients with volume overload.

Abstract

Introduction: Decongestion is a therapeutic target in acute heart failure (AHF).
Acetazolamide is a diuretic that decreases proximal tubular sodium reabsorption, and may
also reverse hypochloremia.

Objectives: We assessed the decongestive, natriuretic and chloride-regaining effects and the
renal safety profile of 250 mg oral acetazolamide used as an add-on therapy in AHF.
Patients and methods: This prospective, randomized study was conducted at the Institute of
Heart Diseases in Wroclaw, Poland, and involved patients with AHF who were randomly
assigned to receive either 250 mg oral acetazolamide or standard of care and underwent
clinical and laboratory followed up.

Results: The study population consisted of 61 patients with 31 (51%) in the acetazolamide
group. The mean age of the patients was 68 years (SD 13 years), 71% were men. The
acetazolamide group vs. control group demonstrated significantly higher cumulative: diuresis
after 48 hours and after 72 hours; negative fluid balance, weight loss after 48 hours, weight
loss throughout the hospitalization, natriuresis and serum chloride concentration. In terms of
the renal safety profile no increase in creatinine concentration and urinary renal biomarkers
was noted.

Conclusions: Oral acetazolamide seems to be a valuable add-therapy in comprehensive

decongestive treatment in AHF.
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INTRODUCTION

Acute heart failure (AHF) despite advances in therapy, remains the state of poor
prognosis [1]. Congestion plays a significant role in the AHF pathophysiology and constitute
the important therapeutical target [2]. Recently the novel approach for the decongestive
therapy has emerged [3]. Combination of diuretics classes allows to involve different
mechanisms of action in various nephron segments, to ensure an effective and efficient course
of treatment. It should be emphasized that ineffective diuresis, natriuresis and dyschloremia
are among the multiple causes of worsening AHF [4-8].

There is a growing trend for acetazolamide in decongestive therapy in patients with
AHF [3,9-11]. The ADVOR trial showed, that the addition of 500 mg of intravenous
acetazolamide to loop diuretics in patients with AHF with volume overload resulted in
decongestion compared with the standardized therapy [3]. Acetazolamide blocks carbonic
anhydrase in the proximal renal tubule, which increases the excretion of water, potassium,
sodium and bicarbonate ions, strongly alkalizing urine [9]. It is also a good candidate for a
chloride-regaining diuretic, which may help to preserve plasma volume and enhance vascular
“tonicity” [9,12].

Orally administered diuretics have limited and variable bioavailability. Intestinal
mucosal oedema and slow blood flow in the gastrointestinal tract found in HF patients
additionally impair their absorption, potentially increasing resistance to diuretics [13-16].
Even though intravenous administration of acetazolamide is possible, the oral dosage has its
advantages. Unlike 1V, it does not require placement of an intravenous line reducing pain and

the risk of infection. Another downside of 1V administration is that the results of the study
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could not be generalized to the outpatient population. The ADVOR trial, which demonstrated
beneficial effects of IV administered acetazolamide, prompted us to question whether it would

be possible to achieve similar results with the oral dosage form.

OBJECTIVES
The aim of our study was to analyze the spectrum of the decongestive, natriuretic and
chloride-regaining effects of oral acetazolamide (250 mg) compared with standard of care,

used on top of standard diuretic therapy.

PATIENTS AND METHODS
Study population

This prospective, randomized, single-blind (participants) study was carried out in
the Institute of Heart Diseases in Wroclaw between February 2020 and November 2021.
Participants were randomly assigned with 1:1 allocation (using randomization algorithm) to
receive 250 mg acetazolamide or the standard of care. All consecutive patients hospitalized in
our institution, whose primary cause of hospitalization was AHF, were screened for eligibility
for the study. Patients who fulfilled the inclusion criteria which were: age of majority (> 18
years old), administration of intravenous furosemide on admission and ability to express the
informed consent; and did not meet exclusion criteria i.e. acute coronary syndrome,
cardiogenic shock, mean arterial pressure of < 65 mmHg or systolic blood pressure of < 90
mmHg at admission; history of severe liver disease, baseline estimated glomerular filtration
rate (eGFR) < 15 mL/min/1.73 m2 according to the Modification of Diet in Renal Disease
(MDRD) formula; end-stage renal disease requiring renal replacement therapy or
ultrafiltration, chronic angle-closure glaucoma; were included in the study. AHF diagnosis

was stated following the European Society of Cardiology [ESC] guidelines [1].
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Only patients who provided written informed consent were randomized to the study. The
study was approved by the institutional Ethics Committee (approval number 502/2020) and
carried out in accordance with the principles of the Declaration of Helsinki and Good Clinical

Practice [17].

The worsening renal function (WRF) was defined as the increase of serum creatinine > 0.3

mg/dL or the decrease of the eGFR > 25% between any time points.

Study design

After admission to the hospital detailed information about patients’ clinical history,
co-morbidities, physical examination findings and prior treatment history was collected. The
patients were observed over 3 consecutive days: day 1 (0-24h), day 2 (24-48h), day 3 (48-
72h) and at discharge. At baseline, patients were randomized to receive acetazolamide (250
mg) orally, once daily (administered only until day 2) or to receive standard of care (control
group). Although there was no strict protocol for diuretic dosing, furosemide was usually
administered through short-term continuous infusion starting between 7:00 and 9:00 a.m.
Venous blood and urine samples were collected and the clinical condition was assessed at the
beginning of treatment (day 1), then on day 2, day 3 and at discharge. To reduce bias, we
planned to take the first morning urine samples after diuretic administration. The clinical
status of each patient was based on the assessment of signs and symptoms of heart failure i.e.
oedema (0-1 point), pulmonary congestion (0-1 point), weight fluctuation. Assessment of
dyspnea severity was performed with the use of a self-reported 11-point (0-10) Likert scale
(where 0 corresponds to “absence of dyspnea” and 10 corresponds to “dyspnea of the worst

severity”).
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Laboratory analysis of peripheral blood and urine samples

The laboratory parameters were assessed using the standard methods:
- Plasma N-terminal pro-B-type natriuretic peptide (NT-proBNP) (method:
immunoenzymatic, Siemens, Marburg, Germany), troponin | (method: immunoenzymatic,
single Dimension RxLMax, Siemens).
- Spot urine samples: urine sodium (UNa®), urine potassium, chloride, creatinine, urea.
- Additional urine samples were collected, centrifuged and frozen (at -70 °C) for further
analysis of renal biomarkers: neutrophil gelatinase-associated lipocalin (NGAL), kidney
injury molecule-1 (KIM-1) and cystatin C (Cys-C), which were measured with the use of the
Quantikine ELISA Immunoassay Kit (R&D Systems. Inc., Minneapolis. MN. USA).
In patients who required an indwelling urinary catheter (~5%), urine samples were taken
directly from the urinary catheter. All patients were instructed to limit their fluid intake during
the study period to 1.5-2 L per 24 h within study period. Fluid balance was estimated on the
basis of daily urine collection carried out during 24 h, from 6:00 a.m. to 6:00 a.m. on the
following day. The diuretic efficiency was calculated based on the 24-hours urine output and

total daily dose of furosemide.

Study outcomes
The following parameters were compared between the groups on each consecutive day:
e diuresis, fluid balance, weight loss
e natriuresis, serum chloride concentration, serum creatinine concentration and
eGFR, calculated using MDRD formula
e the occurrence of WRF

e urinary levels of kidney biomarkers (NGAL, KIM-1, Cys C)
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Statistical analysis

Continuous variables with normal distribution were presented as mean + standard
deviation, variables with skewed distribution were described by medians with [upper and
lower quartiles], nominal variables were indicated as numbers and percentages. Normality
was measured with the Shapiro-Wilk test. Student's t-test for independent variables, Mann-
Whitney U test, repeated measures analysis of variance (ANOVA), exact Fischer test and
Newman-Keuls multiple comparison test were used as indicated for comparisons between
both samples (taken from the patient population). Logistic regression was performed to assess
the impact of the administered treatment on the WRF. The P value of < 0.05 was considered
to be statistically significant. STATISTICA 13.3 (Tibco, USA) was used for statistical

analysis.

RESULTS
Study population

A total of 61 patients were enrolled, 31 of whom were randomized to the
acetazolamide group and 30 to the control group. The mean age of the patients was 68 £13
years, 71% were men, and the mean left ventricle ejection fraction was 37% (SD 15%). The
median of NTproBNP on admission was 7,045.5 [3,572-11,003] pg/mL. During
hospitalization all patients received 1V furosemide. In the acetazolamide group 11 (35%)
patients received a vasodilator (nitroglycerin) and 2 (6%) received an inotropic agent
(dobutamine) vs. 13 (43%) and 3 (10%) respectively in the control group (p>0.05). The two
groups did not differ in terms of the 1V dosage of furosemide administered over 3 consecutive
days (Table 2). Baseline characteristics and laboratory values of the study population are

presented in Table 1.
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Diuresis, negative fluid balance and weight loss

There was a significant difference in cumulative diuresis after 48 hours (day 2):
5300 ml [4050 - 6750 ml] vs. 3750 ml [2900 - 5150 ml], p=0.01 and after 72 hours (day 3) :
7800 ml [6500 — 9300 ml] vs. 5500 ml [4150 — 6900 ml], p=0.004. There was a greater
diuresis after 24 hours (day 1): 2750 ml [1870-3950ml] vs. 1850ml [1450-3000 ml], p=0.05.
There was a significant difference between values for negative fluid balance in the
acetazolamide group vs. control group (day 1 [0-24h]: -1682 ml (SD 1042 ml) vs. -903 ml
(SD 1320 mll), p = 0.015, F= 6.33; day 2 [24-48h]: -1232ml (SD 977 ml) vs. -597 ml (SD
1342 ml), p=0.042, F=4.33; day 3 [48-72h]: -1126ml (SD 834 ml) vs. -376 ml (SD 1143 ml),
p=0.006, F=8.32). A comparison of the fluid balance between the groups is presented in
Figure 1. There were significant differences between the two groups in terms of weight loss
after 48 hours (acetazolamide group: 3.25 kg [1.7-4.8 kg]; vs. control group: 1.13 kg [0.4-4.2
kg], p=0.03) and weight loss throughout the whole course of the hospitalization
(acetazolamide group: 5.3 kg [3.4-9.3 kg] vs. control group: 2.7 kg [0.0-7.0 kg], p=0.02).
There was no significant difference in terms of weight loss after 24 hours (acetazolamide
group: 2.0 kg [0.9-3.3 kg] vs. control group: 0.85 kg [0.0-3.3 kg], p=0.10). Diuresis data and
weight loss for each consecutive day are shown in Table 2. The acetazolamide group had
more severe pulmonary congestion at baseline (with no difference in peripheral oedema), but
this difference disappeared in subsequent assessments (Table 2). The groups did not differ in
terms of the liver function tests at baseline. Diuretic efficiency did not differ between the

groups (p=0.07).

Natriuresis

The baseline UNa" did not differ between both study arms. However, UNa" increased day by

day, reaching statistical significance on day 2 (acetazolamide group: 114.7 mmol/L (SD 41
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mmol/L), control group: 74.4 mmol/L (SD 44 mmol/L), p= 0.003, F=9.64) and day 3
(acetazolamide group : 110.2 mmol/L (SD 41 mmol/L), control group: 76.4 mmol/L (SD 42

mmol/L), p=0.006, F=8.24) (Figure 2).

Serum chloride

There was a significant increase in serum chloride on day 2 in the acetazolamide group (104.7
mmol/L (SD 4 mmol/L)) compared to the control group (101.9 mmol/L (SD 4 mmol/L), p=
0.01, F=6.82) and day 3 (105.3 mmol/L (SD 4 mmol/L) vs. 102.5 mmol/L (SD 4 mmol/L), p=
0.004, F=4.46). At baseline and at discharge the difference between the two groups was not

statistically significant (p>0.05) (Figure 3).

Creatinine, eGFR and occurrence of WRF

There were no significant differences in serum creatinine and eGFR between the
acetazolamide group and the control group at any of the four time points (p>0.05) (Figure 4).
The WRF was equally common in both groups: OR =0.85 95% CI [0.27-2.68], in addition,
not significant (p=0.78), but odds in both groups were different to produce OR=0.85 in the

acetazolamide group.

Urinary renal biomarkers

NGAL

The urinary NGAL levels did not differ significantly at any timepoint. The difference was
greater, but not significant, after 24 hours (p=0.07) (Figure 5).

Cys-C

There were no significant differences in urinary Cys-C levels between the acetazolamide and

the control group at any of the four timepoints (p>0.05) (Figure 5). A greatest difference was
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observed after 24 hours (p=0.07); however, it was not significant. In each group Cys-C levels
increased significantly over time (p<0.001).

KIM-1

The change in urinary KIM-1 level was similar for both intervention arms at all four time
points (p > 0.05). However, compared to the other time points, the difference was the greatest

after 24 hours, although it did not reach a significance level (p=0.08) (Figure 6).

DISCUSSION

The study led to clinically meaningful findings, which may potentially confirm the
comprehensive efficacy of oral acetazolamide in AHF. Oral Acetazolamide (250 mg daily for
3 days) in addition to a standard diuretic therapy resulted in improvement in the following: (i)
diuresis leading to negative fluid balance, (ii) weight loss (iii) natriuresis, (iii) serum chloride
concentration. Moreover, the therapy was safe with no increase in creatinine concentration
nor any significant increase in urinary renal biomarkers (NGAL, Cys-C, KIM-1) of acute
kidney injury.

Recently, there have been indications of the beneficial effect offered by the
combination of a standard diuretic therapy including loop diuretics with acetazolamide, and
there are several reasons that encourage the use of acetazolamide as an adjunct diuretic in
AHF [3,9,10]. The combinational treatment with acetazolamide may be effective due to
diuretics’ different mechanisms of action in various nephron segments allowing for effective
elimination of volume overload understood as simultaneous, effective removal of water and
sodium from the body in HF patients. This is supported by several studies with 1V
acetazolamide [3,9,18]. DIURESIS-CHF, a randomized study involving patients with AHF
and marked volume overload, found that the addition of acetazolamide 250-500 mg,

administered as an intravenous bolus in addition to low-dose loop diuretics (bumetanide 1-2
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mg bid) improves natriuresis and loop diuretic efficacy [9]. The multicenter, randomized,
double-blind ADVOR trial confirmed that treatment with 500 mg IV acetazolamide in
addition to 1V loop diuretics led to significantly increased decongestion within 3 days of
randomization and resulted in improved diuretic response measured by higher cumulative
diuresis, natriuresis and shortened length of hospitalization [3]. Another small study involving
9 patients with HF revealed that addition of 250 mg of oral acetazolamide to 40 mg of
furosemide produced a similar increase in diuresis compared to a double dose of furosemide
[18].

In the context of natriuresis and chloride handling, the renal tubular function and
tubuloglomerular feedback serve an important role in achieving effective diuresis and
maintaining intravascular compartment's [19-21]. Natriuresis was shown to have strong
impact on decongestion abilities in AHF as well as on the prognosis, while data on chloride is
scarce [6-8,20,22]. The greatest amount of chloride is reabsorbed in the proximal convoluted
tubule (PCT) [23]. Acetazolamide blocks carbonic anhydrase (located on the apical
membrane of the PCT) resulting in increased levels of HCO3 in the urinary space, increasing
the electrochemical gradient, which improves chloride reabsorption and may reverse
hypochloremia [21]. Through this mechanism and bicarbonate excretion, the risk of alkalosis
in HF is reduced [9,21]. In addition, acetazolamide activates the tubuloglomerular feedback
mechanism (through greater delivery of chlorides to the macula densa cells) and, as a result,
prevents the release of renin by the afferent arteriole of the nephron and the activation of the
neurohormonal axis of the renin—angiotensin—aldosterone system [21]. According to the
"chloride theory", a diuretic therapy that increases serum chloride will preserve plasma
volume and renal function and it tends to inhibit the fluid shift from the intravascular to the
interstitial space. In contrast, reducing serum chloride concentration through the use of

standardized diuretic therapy for HF may adversely affect the treatment. Patients with
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hypochloremia take higher doses of loop diuretics than those with normal serum chloride
concentration [5]. A small retrospective study with acetazolamide confirmed that serum
chloride concentration markedly increased in the acetazolamide group [10]. Moreover, our
serum chloride findings confirmed the idea, that oral acetazolamide could be used as an
adjunct to the diuretic therapy, especially in HF patients with volume overload and
hypochloremia, with the aim of correcting electrolyte imbalance, especially during the early
stages of decongestive treatment, which are crucial.

It should be noted that the dose of oral acetazolamide in our study was smaller
compared to its intravenous form in the ADVOR trial and it was not increased in proportion
to the patients’ body weight. Due to the small number of recruited patients it was not possible
to detect statistically significant differences in terms of resolving symptoms of HF, i.e. edema,
rales, etc. between the two groups (Table 2). However, in spite of suspected limited
bioavailability due to intestinal mucosal oedema flow found in HF patients, the study
demonstrated successful diuresis, negative fluid balance and weight loss during the
combinational therapy with oral acetazolamide. Although the diuretic efficiency (expressed as
urine output per loop diuretic dose) was higher numerically in acetazolamide group, it did not
reach statistical significance. We may speculate that this reflects the fact that our study was
underpowered to detect the difference. Importantly, at baseline both groups did not differ in
many markers that can reflect congestion status including: NT-proBNP, serum creatinine and
liver function tests [24].

Congestion is associated with a worse prognosis and may lead to WRF [25,26],
hence the quick and safe elimination of water and Na is essential for AHF therapy. Therefore,
consistent evaluation of renal function should be conducted in each patient with AHF to
ensure the safety of the treatment. The selected urinary renal biomarkers (NGAL, KIM-1,

Cys-C), being more sensitive than creatinine, may be helpful in predicting WRF. However,
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they are not widely used in everyday clinical practice, as their measurement can be a time-
consuming and rather costly process [27-29]. Nonetheless, we used NGAL, KIM-1 and Cys-C
in our study to be able to monitor patients more accurately and predict possible signs of WRF
at the earliest possible stage. DIURESIS-CHF showed that the use of acetazolamide was
associated with a WRF (defined as a > 0.3 mg/dL increase in serum Cr within 72h) during
decongestive treatment in AHF, although no adverse impact on the clinical outcome was
noted [9]. The ADVOR trial demonstrated that the incidence of WRF and adverse events was
similar between the groups [3]. Our study confirmed, that a small dose of oral acetazolamide
used in addition to a standard diuretic therapy may offer a good renal safety profile, without
significant increase in creatinine, eGFR and urinary renal biomarkers. Noteworthy, the
addition of acetazolamide to the standard diuretic care and its effect on higher diuresis did not
cause a higher amount of WRF. It is an important signal, suggesting that volume depletion
may be avoided even with the more exhaustive decongestion using acetazolamide. For those
reasons, such a treatment strategy may be helpful in the comprehensive decongestive therapy

for AHF.

Limitations of the study

-The relatively small number of patients enrolled in the study may be considered as a potential
limitation.

-The group was imbalanced in terms of the HF phenotypes - there was an over representation
of the HFrEF phenotype (61%). However, there was no difference in HF phenotypes

between the study groups.

- Low number of patients on sodium-glucose co-transporter-2 (SGLT2) inhibitors may limit
the generalizability of the results. However, our study was conducted between 2020 and 2021,

prior to the publication of conclusive clinical trials on SGLT-2 inhibitors in AHF [30-32].
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Importantly, in the ADVOR trial, patients who received SGLT-2 inhibitors were excluded.
Safety and efficacy of the combination of SGLT-2 and acetazolamide should be further

assessed.

Conclusions

The combination of low-dose diuretics with different sites of renal action (sequential nephron
blockade) could be more effective and safer for the patient compared to the conventional
high-dose monotherapy. This study provides significant evidence supporting the use of oral
acetazolamide to achieve effective decongestion among patients with AHF, improve serum
chloride concentration and natriuresis and potentially produce intrinsic reno-protective

effects.
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Table 1. Baseline characteristics of the study population

Parameter All patients Acetazolamide Control P
group group

Number of 61(100%) 31(51%) 30(49%)

patients

Sex (male) 43(71%) 22(71%) 21(70%) 0.58

Age, mean (SD), 68(13) 69(12.7) 68(14) 0.54

(years)

Heart rate, mean | 82(14) 83(12.9) 80(16) 0.47

(SD), (beat/min)

Systolic blood 125(20) 127(20) 122(20) 0.36

pressure at
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admission, mean

(SD), (mmHg)

Diastolic blood
pressure at
admission, mean

(SD), (mmHg)

80(16)

80(16)

79(17)

0.72

Left Ventricle
Ejection Fraction,

mean (SD), %

37(15)

36(15)

38(16)

0.74

Heart failure
ejection fraction

phenotype

0.88

Heart failure with
reduced ejection
fraction (EF <

40%)

37(61%)

19(61%)

18(60%)

Heart failure with
mildly reduced
ejection fraction

(EF 41-49%)

5(8%)

2(7%)

3(10%)

Heart failure with
preserved ejection
fraction (EF >

5096)

19(31%)

10(32%)

9(30%)
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Acute heart 39(64%) 18(58%) 21(70%) 0.43
failure (de novo)

Decompensation 22(36%) 13(42%) 9(30%) 0.43
of chronic heart

failure

Heart failure 31(51%) 14(45%) 17(57%) 0.45
etiology: Ischemic

Co-morbidities

Hypertension 58(95%) 30(97%) 28(93%) 0.61
Atrial Fibrillation | 36(59%) 20(65%) 16(53%) 0.60
Diabetes mellitus | 28(46%) 17(55%) 11(37%) 0.20
Blood count

Hemoglobin, 12.7(2.5) 12.9(2.5) 12.5(2.6) 0.55
mean (SD), g/dL

Hematocrit, mean | 39.2(7) 39.7(6.7) 38.7(7.6) 0.55
(SD), %

White blood cells, | 7.0(2.9) 7.9(1.9) 8.12(3.7) 0.75
mean (SD), G/L

Platelets, mean 21(74.7) 221(77.6) 218(73) 0.88

(SD), G/L

56




Serum Na+, mean | 140(4.4) 141(3.2) 139(5.2) 0.04
(SD), mmol/L
Serum CI, mean 103.5(8.8) 105(10.6) 101(5.8) 0.07
(SD), mmol/L
Potassium, mean | 4.2(0.4) 4.17(0.3) 4.18(0.6) 0.99
(SD), mmol/L
Calculated eGFR, | 58(20.9) 58(21.2) 58(21.6)

0.56
mean (SD),
ml/min./1.73 m2
Creatinine, mean | 1.3(0.4) 1.29(0.5) 1.34(0.5) 0.73
(SD), mg/dL
Urea, mg/dL 48 (34.5—72.5) | 44.5 (33-172) 53(35—76) | 0.52
NTproBNP, 7045.5 (3572- | 6752 (3659-9968) | 7060 (3486- 0.47
pg/mL 11003) 12648)
Troponin I, ng/ml | 49 (15-56) 51.6 (17-56) 36.4 (11-59) 0.59
ALT, U/L 25 (16 - 38) 27 (16 — 38) 225(15-38) | 0.61
AST, U/L 28 (21 - 37) 27 (20 — 39) 28.5(21—34) | 0.97
GGTP, IU/L 89 (45— 138) 89 (48 - 112) 91 (24-209) |0.85
Total bilirubin, 1.3(0.9-2.1) 1.3(1-1.9) 1.3(0.8-2.6) |0.93
mg/dL
Drug class before
hospitalization
ACEI/ARB 37(60%) 18(58%) 19(63%) 1.00
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Beta-blocker 49(80%) 25(81%) 24(80%) 0.47

MRA 25(41%) 11(35%) 14(45%) 0.61

ARNI 5 (8) 3 (10%) 2 (7%) 0.27

Drug class during

hospitalization

ACEI/ARB 57(90%) 28(90%) 27(90%) Not
countable,
equal

Beta-blocker 61(100%) 31(100%) 30(100%) 0.49

MRA 52(85%) 27(87%) 25(83%) 0.73

SGLT-2 15(25%) 8(25%) 7(23%) 0.12

ARNI 5(8) 3(10%) 2(7%) 0.25

Dobutamine, iv 5(8%) 2(6%) 3(10%) 1.00

Nitroglycerin, iv 24(39%) 11(35%) 13(43%) 0.44

ACE-I, angiotensin-converting enzyme inhibitor; ALT, alanine transaminase ;ARB,

angiotensin receptor blocker; ARNI, angiotensin receptor nephrilysin inhibitor; AST,
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aspartate transaminase ; eGFR, estimated glomerular filtration rate; GGTP, gamma-glutamyl
transferase; MRA, mineralocorticoid receptor antagonist; NT-proBNP, N-terminal pro-B-type

natriuretic peptide; SGLT-2, sodium-glucose cotransporter-2

Table 2. Comparison of diuresis, weight loss, clinical congestion signs, dose of furosemide
and worsening renal function occurrence between the control and acetazolamide treated

groups. The number of patients in some variables does not sum up to 100% due to the missing

data.
Variable Acetazolamide Control group | P
(n=31) (n=30)

Day 1 Dyspnea at the rest | 31(97%) 28(93%) 0.75

(0-24h)
Weight, mean (SD), | 94.9(23) 82.7(19) 0.03
kg
Diuresis 0-24h, ml | 2750 (1870-3950) | 1850 (1450- 0.05

3000)

Dose of furosemide, | 100 (80-120) 80 (80-120) 0.25
iv, mg

Diuretic efficiency 31.7 (19.2 - 40) 22.2 (15-33.3) | 0.07
ml/mg of

furosemide/24h

More than trace 29(94%) 28(93%)
oedema 1.00
Limbs oedema 0.44
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No oedema 3(10%) 2(7%)

10-15 sec 3(10%) 7(23%)

15-30 sec 8(26%) 9(30%)

>30 sec 17(54%) 12(40%)

[rebound time]

Rales 30(97%) 30(100%) 1.00

Rales 0.03

No rales 1(3%) 0(0%)

1/3 of lungs 20(65%) 27(93%)

1/3-2/3 of lungs 10(32%) 2(7%)

>2/3 of lungs 0(0%) 0(0%)

Elevated jugular 28(87,5%) 28(93%) 1.000

Venous pressure

Ascites 8(26%) 4(13%) 0.34
Day 2 (24- | Dyspnea at the rest | 13(42%) 14(47%) 0.45
48h)

Weight, mean (SD), | 93.2(22) 81.9(18) 0.04

kg

A Weight (0-24h), kg | 2.0 (0.9 -3.3) 0.85 (0-3.3) 0.10

Diuresis (0-48h), ml | 5300 (4050-6750) | 3750 (2900- 0.01

5150)
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Dose of furosemide, | 80 (60-100) 60 (60-80) 0.21
iv, mg

Diuretic efficiency 41.3(23.3-47.5) | 26.3(18.3-45) |0.16
ml/mg of

furosemide/24h

More than trace 26(84%) 26(87%) 1.00
oedema

Limbs oedema 0.94
No oedema 6(19%) 5(17%)

10-15 sec 2(6%) 2(7%)

15-30 sec 10(33%) 12(40%)

>30 sec 13(42%) 11(36%)

[rebound time]

Rales 27(87%) 25 (83%) 1.00
Rales 0.91
No rales 5(16%) 5(17%)

1/3 of lungs 23(74%) 23(77%)

1/3-2/3 of lungs 3(10%) 2(7%)

>2/3 of lungs 0(0%) 0(0%)

Elevated jugular 28(87.5%) 28(93%) 1.00
Venous pressure

Ascites 6(20%) 4(13%) 0.73
Dyspnea at the rest | 3(9.7%) 3(10%) 0.67
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Day 3 (48-

72h)

Weight, mean (SD), | 91.7(22) 81.1(17) 0.07

kg

A Weight (0-48h), kg | 3.25 (1.7-4.8) 1.13(0.4-42) |0.03

Diuresis (0-72h), ml | 7800 (6500-9300) | 5500 (4150- 0.004
6900)

Dose of furosemide, | 60 (60-100) 60 (40-80) 0.13

iv, mg

Diuretic efficiency 325(23.1-43.8) | 25(14.4-475) | 041

ml/mg of

furosemide/24h

More than trace 21(68%) 23(77%) 0.39

oedema

Limbs oedema 0.23

No oedema 10(32%) 6(20%)

10-15 sec 0(0%) 2(7%)

15-30 sec 14(45%) 18(60%)

>30 sec 7(23%) 4(13%)

[rebound time]

Rales 22(71%) 24(80%) 0.78

Rales 0.76

No rales 10(32%) 8(27%)

1/3 of lungs 20(65%) 20(67%)

1/3-2/3 of lungs 1(3%) 2(6%)
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>2/3 of lungs 0(0%) 0(0%)

Elevated jugular 24(75%) 25(83%) 0.75

Venous pressure

Ascites 6(20%) 4(13%) 0.73
Discharge | Dyspnea at the rest | 0(0%) 0(0%) 0.49

Weight, mean (SD), | 88.6(22) 79.5(17) 0.09

kg

A Weight, kg 5.3 (3.4-9.3) 2.7 (0.0-7.0) 0.02

(baseline-discharge)

Dose of oral 80 (40-80) 80 (60-120) 0.56

furosemide, mg

More than trace 10(32%) 13(43%) 0.20

oedema

Limbs oedema 0.36

No oedema 2168%) 15(50%)

10-15 sec 3(10%) 7(23%)

15-30 sec 5(16%) 7(23%)

>30 sec 2(6%) 1(4%)

[rebound time]

Rales 10(32%) 15(50%) 0.41

Rales 0.18

No rales 21(68%) 15(50%)

1/3 of lungs 9(29%) 15(50%)
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1/3-2/3 of lungs 1(3%) 0(0%)

>2/3 of lungs 0(0%) 0 0%)

Elevated jugular 20(62.5%) 23(76.7%) 0.40

Venous pressure

Ascites 2(6.5%) 4(13%) 0.43
WRF occurrence, 8(25%) 9(30%) 1.0
n%, during

hospitalization

WRF odds ratio 0.85 95% CI [0.27-2.68] 0.78

WRF- worsening renal function
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Figure 1. Repeated-measures ANOVA for fluid balance between acetazolamide and control

group
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Abstract

Introduction: The risk of unfavourable outcomes after an acute heart fail-
ure (AHF) episode remains high. Effective decongestion, reflected by hae-
moconcentration (HC), may guide therapy. Optimal timing of HC remains
unspecified.

Methods: We analysed the AHF registry to evaluate the prognostic differ-
ences of various timing of HC. Subjects were divided into 3 groups by time
of reaching HC.

Results: The groups differed in terms of 1-year occurrence of a composite of
the mortality and AHF hospitalization (26% vs. 46% vs. 40%, early vs. late
vs. no HC, p = 0.016).

Conclusions: Patients reaching HC earlier seem to present the best progno-
sis regarding the analysed composite endpoint.

Key words: heart failure, congestion, diuretics, diuresis, renal function.

Heart failure (HF) is a common and cost-intensive syndrome and
a challenge for health care worldwide. The mortality of HF is dramatically
high, reaching 50% at 5 years, despite all the recent advances in its ther-
apy [1-4]. Fluid accumulation and/or fluid redistribution are the most
fundamental pathways in HF decompensation. Therefore, reduction of
congestion is a primary objective during acute HF episode. Fluid removal
and changes in intravascular volume may lead to haemoconcentration
(HC), which increases the concentration of red blood cells and plasma
protein caused by intravascular volume contraction. Intravascular de-
congestion, reflected by the HC, is associated with clinical benefits [5]
and a better haemodynamic response [6]. Notably, the timing of the HC,
complementary to the amount of the removed fluid, has been shown
to affect the outcome [6]. However, the optimal desired time of the HC
remains unclear. The reported benefit from the late HC contrasts with the
described favourable effect of the early diuretic response [7].

In this study, we evaluated the associations between the timing of
reaching HC and patients’ survival.

Methods. We performed the analysis of data collected in the pro-
spective registry of patients hospitalized for acute heart failure (AHF) at
the cardiology department of the 4 Military Hospital, Wroctaw, Poland,
between January 2016 and September 2017. The patients were included
in the registry at the time of admission and then followed for 1 year after
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discharge. AHF was defined as the sudden onset
or exacerbation of symptoms and signs charac-
teristic of heart failure. The study enrolled adult
patients (aged > 18 years) who were admitted to
the hospital with acute heart failure (AHF) as the
primary cause of hospitalization and received in-
travenous furosemide upon admission. Only those
individuals who expressed willingness to partici-
pate in the study and provided informed consent
by signing the required documentation were in-
cluded.

Patients were excluded from the study if they
presented with cardiogenic shock, had a diagno-
sis of acute coronary syndrome, exhibited signs of
known severe liver disease, required renal replace-
ment therapy due to end-stage renal disease, or
showed evidence of an active infection. We anal-
ysed the entire cohort of patients included in the
registry. Detailed inclusion and exclusion criteria
are described in our previous articles [8, 9]. The di-
agnosis of AHF was stated following the then-cur-
rent European Society of Cardiology guidelines
[10]. The patients were included in the registry
regardless of their AHF phenotype, and further di-
vided based on ejection fraction, into two groups:
patients with reduced ejection fraction (EF < 40%)
(Table 1), and the rest were considered as patients
with preserved ejection fraction. Every patient has
undergone clinical assessment, and blood and
urine samples were obtained at 3 time points: ad-
mission, after 48 h and at discharge. Heart rate
was measured during the blood pressure assess-
ment. Subsequently, patients were regularly con-
tacted by phone for 12 months. The endpoints
were determined as all-cause mortality, AHF re-
hospitalization and the composite of them.

Based on previous articles, where HC was de-
fined as a simultaneous increase in both haemo-
globin (HGB) and haematocrit (HCT) levels above
values at admission, we decided to stick to this
definition [6]. The haemoconcentration was de-
fined as any increase between the value at a spe-
cific timepoint and admission value. There was
no specified threshold; any increase in these pa-
rameters was considered significant, but to con-
firm the HC, the increase had to occur in both
HGB and HCT simultaneously. Decongestion was
considered a reduction of clinical signs of volume
overload such as oedema, rales, and jugular ve-
nous filling. For this study, patients were divided
into three groups: early HC (those who matched
HC criteria between admission and the 48" h of
hospitalization, regardless of the possible HC be-
tween further time points), late HC (those who
matched HC criteria between admission and
discharge — but not between admission and the
48" h — or between 48 h and discharge), and no
HC groups.

Patients whose HGB and HCT were not as-
sessed at any of the 3 time points during the
observation were excluded from the analysis, in-
cluding patients whose stay at the hospital was
terminated by death.

Statistical analysis. The normality of the distri-
bution was assessed using the Kolmogorov-Smirn-
ov test. Variables with a normal distribution are
shown as mean + standard deviation, while data
with a skewed distribution are shown as median
(interquartile range). The differences were as-
sessed using Pearson’s y?, variance analysis, log-
rank and Kruskal-Wallis ANOVA tests; the post hoc
analyses were performed using NIR and Scheffe
tests. Kaplan-Meier curves were used to show the
differences in survival. A value of p below 0.05 was
considered significant. All the statistical analyses
were performed in Statistica 12 (TIBCO, USA).

Results. The study included 189 patients; 69
(37%) were in the early HC group, 67 (35%) in the
late HC and 53 (28%) in the no HC group.

The median age in the whole cohort was 70.2
+12.8, and 139 (74%) patients were male. The
baseline characteristics of the overall cohort and
the specific subgroups are displayed in Table I. The
groups did not differ regarding many clinically im-
portant aspects, e.g. proportion of the de novo HF
presentation, NT-proBNR serum creatinine, eGFR
(calculated MDRD formula) and sodium levels.
Systolic blood pressure between the groups did
not differ at any time point. The groups differed in
terms of serum HGB and HCT levels at admission.
However, the difference in the post-hoc analysis
was significant only between the no HC and the
other 2 groups (both p < 0.05). The early HC group
had the lowest incidence of composite mortality
or AHF rehospitalization (26%), followed by the no
HC group 21 (40%). The composite endpoint was
most frequent in the late HC group: 31 (46%) (Fig-
ure 1). The patients in the early HC group stayed in
the hospital for the shortest time (median 5 days
vs. 7 days vs. 8 days for early HC, late and no HC
groups, respectively, p = 0.004).

There was no association between HC and all-
cause post-discharge mortality. The outcomes in
the subgroups are displayed in Table II.

Discussion. Our study shows that early HC,
in the first 48 h of hospitalization, is associated
with the lowest occurrence of the composite of
mortality and AHF hospitalization. These results
seem intuitive — the patients who experience
prompt decongestion should have a better prog-
nosis. However, the results contradict the previous
studies, reporting better outcomes in the late HC
group®. Some essential differences between the
studies, which may partly explain the distinctions,
should be pointed out. First, the early and late
HC in our study have been defined differently. In
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Table 1. Baseline characteristics in the overall cohort and subgroups

Parameter Whole cohort Early HC Late HC No HC P-value
n, (%) 189 69 (37) 67 (35) 53 (28)
Demographics:
Age, mean + SD 70.2 £12.8 70.6 £13.6 72.1 ¥11.1 67.4 +£13.4 0.123
Males, n (%) 139 (74) 57 (83) 44 (66) 38 (72) 0.077
Comorbidities, n (%):
Hypertension 153 (81) 56 (81) 57 (85) 40 (75) 0.212
Diabetes 72 (38) 21 (30) 28 (42) 23 (43) 0.326
AF 114 (60) 44 (64) 35(52) 35 (66) 0.235
Coronary artery disease 103 (55) 37 (54) 36 (54) 30 (57) 0.968
De novo HF 81 (43) 30 (43) 31 (46) 20 (38) 0.660
Reduced EF 125 (66) 47 (68) 42 (63) 36 (68) 0.660
Ischaemic aetiology 90 (48) 31 (45) 32 (48) 27 (51) 0.719

Physical examination:

Clinical status 48 h:

Improvement 161 (88) 62 (91) 55 (86) 44 (88)

Worsening 8 (4) 2(3) 3 (5) 3 (6)

No change 13 (7) 4 (6) 6 (9) 3 (6) 0.840

Clinical status discharge:

Improvement 169 (96) 62 (94) 59 (95) 48 (100)

Worsening 1(1) 1(2) 0 (0) 0 (0)

No change 6 (3) 3 (5) 3 (5) 0(0) 0.400
Heart rate, median [IQR] 90 [74-101] 78 [70-100] 90 [73-102] 90 [77-110] 0.036
Systolic blood pressure, 132 [119-150] 130 [120-150] 131 [120-156] 135[110-150] 0.679

admission, median [IQR]

Systolic blood pressure 48 h, 120 [108-132] 120[110-138] 120 [108-130] 115 [105-130] 0.1382
median [IQR]

Systolic blood pressure 120[110-130] 120 [110-130] 120[108-132] 120[110-130]  0.7083
discharge, median [IQR]
Body weight, median [IQR] 82 [71-95] 87 [75-98] 78 [69-91] 88 [70-99] 0.076
Limb oedema, n (%) 136 (72) 51 (74) 53 (79) 32 (60) 0.062
Limb oedema admission:

No oedema 52 (28) 17 (25) 14 (21) 21 (40)

10-15s 43 (23) 18 (26) 18 (27) 7 (13)

15-30 47 (25) 16 (24) 17 (26) 14 (26)

>30s 46 (24) 17 (25) 18 (27 11 (21)

[Rebound time] 0.268
Limb oedema 48 h:

No oedema 95 (51) 32 (47) 35 (54) 28 (54)

10-15s 48 (26) 20 (29) 17 (26) 11 (21)

15-30s 33 (18) 15 (22) 11 (17) 7 (13)

>30s 9 (5) 1(1) 2(3) 6(12)

[Rebound time] 0.161
Limb oedema discharge:

No oedema 143 (80) 52 (80) 51 (81) 40 (80)

10-15s 31(17) 12 (18) 12 (19) 7 (14)

15-30's 3(2) 1(2) 0(0) 2(4)

>30s 1(1) 0(0) 0 (0) 1(2)

[Rebound time] 0.458
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Table I. Cont.
Parameter Whole cohort Early HC Late HC No HC P-value
Rales, n (%) 168 (89) 63 (91) 57 (85) 48 (91) 0.613
Rales admission:
No rales 20 6 (9) 9 (14) 5(9)
1/3 of lungs 103 40 (58) 35 (53) 28 (53)
1/3-2/3 of lungs 47 20 (29) 13 (20) 14 (26)
> 2/3 of lungs 18 3 (4) 9 (14) 6 (11) 0.472
Rales 48 h:
No rales 131 (70) 50 (72) 48 (73) 33 (63)
1/3 of lungs 52 (28) 19 (28) 16 (24) 17 (33)
1/3-2/3 of lungs 4 (2) 0 (0) 2 (3) 2 (4)
> 2/3 of lungs 0(0) 0 (0) 0 (0) 0(0) 0.459
Rales discharge:
No rales 168 (97) 61 (97) 61 (95) 46 (98)
1/3 of lungs 5(3) 2(3) 2 (3) 1(2)
1/3-2/3 of lungs 1(0.6) 0 (0) 1(2) 0(0)
> 2/3 of lungs 0(0 0 (0) 0(0 0(0) 0.761
Medications before
admission, n (%):
Loop diuretics 95 (50) 36 (52) 30 (45) 29 (55) 0.333
ACEI 87 (46) 37 (54) 29 (43) 21 (40) 0.280
Beta-blocker 112 (59) 40 (58) 42 (63) 30 (57) 0.699
MRA 42 (22) 20 (29) 16 (24) 6(11) 0.119
Laboratory parameters:
Haemoglobin at admission, 13.26 +1.98 12.83 +1.89 13.14 £1.91 13.96 +2.03 0.006
mean + SD
Haematocrit at admission, 40.01 £5.46 38.83 +5.2 39.73 £5.33 41.9 £5.55 0.007
mean + SD
Haemoglobin at 48 h, 13.07 £1.95 13.51 +1.93 12.4 +1.85 13.33 1.9 0.002
mean + SD
Haematocrit at 48 h, 39.6 +5.5 40.8 +5.2 37.8 5.3 40.3 +5.4 0.003
mean + SD
Haemoglobin at discharge, 13.13 +2.05 13.4 £2.02 13.25 +1.91 12.63 +2.21 0.098
mean + SD
Haematocrit at discharge, 39.8 £5.9 40.4 +59 40.3 £5.5 38.5 +6.3 0.171
mean * SD
Sodium, median [IQR] 140 [137-142] 140 [138-143] 139 [137-142] 139 [136-142] 0.238
Potassium, mean + SD 4.19 +0.61 4.12 +0.53 4.15 +0.59 4.35 +0.71 0.085
Serum creatinine, median  1.21[1.04-1.54] 1.17[1.07-1.44] 1.23[1-1.66] 1.27[1.09-1.56] 0.579
[IQR]
Serum creatinine admission 0.07 [-0.06—0.19] 0.06 [-0.04-0.15] 0.1 [-0.04-0.22] 0.03[-0.12-0.17] 0.309
— 48 h, median [IQR]
Serum creatinine admission 0.08 [-0.07-0.25] 0.03 [-0.09-0.18] 0.11 [-0.07-0.28] 0.08 [-0.01-0.36] 0.103
— discharge, median [IQR]
eGFR ml/min/1.73 m?, 56 +19 58 +17 53+18 56 +23 0.345
mean + SD
No. of patients with eGFR 114 (60%) 36 (52%) 44 (66%) 34 (64%) 0.219
<60 ml/min/1.73 m?, n (%)
NT-proBNP, median [IQR] 5674 6336 5654 5025 0.730
[3485-12317] [4082-10572]  [3368-11579] [3169-13828]
NT-proBNP in sinus rhythm, 5669 6599 5297 5731 0.547
median [IQR] [3211-12289] [3836-12496] [2958-10036] [3068-17225]
4 Arch Med Sci
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Table I. Cont.

Parameter Whole cohort Early HC Late HC No HC P-value
NT-proBNP in AF, median 5749 6124 5750 4143 0.585
[IQR] [3656-12317] [4374-9101] [4083-13486 [3467-10152]
NT-proBNP admission — 1640 [11-3650] 2007 [185-3910] 1345 [-73-3443] 885[-120-3395] 0.314
48 h, median [IQR]

NT-proBNP admission — 2155 [352-4986] 2581 [1270-4678] 1837 [200-4705] 1910 [160-6234]  0.653
discharge, median [IQR]
Urinary sodium, mean + SD 87 +35 96 +35 82 +34 82 +35 0.039

IQR — interquartile range, HF — heart failure, EF — ejection fraction, ACEl — angiotensin-converting enzyme inhibitors, MRA — mineralocorticoid
receptor antagonists, SD — standard deviation, SBP — systolic blood pressure, eGFR — estimated glomerular filtration rate, AF — atrial

fibrillation.

different authors’ studies [6], half of the average
percentage of the length of hospital stay since the
peak HC has been used to dichotomize the groups.
In both studies, the overall cohorts’ median length
of hospitalization differs considerably (5 days vs.
7 days). Given these, the reference points for the
HC classification vary significantly and are, there-
fore, difficult to compare. Further, the patient’s
data were gathered in different years — 2009 vs.
2016, which may also be a potential confounder.

Interestingly, the group which experienced the
worst outcome was the late HC group. It can be
somehow explained by the fact that the group
presented the poorest natriuretic response, which
impedes diuresis and has been considered an om-
inous prognostic factor [11].

Moreover, it should be emphasized that the
prognostic significance of many markers differs be-
tween early vs. late in-hospital assessment [6, 7].
Spot urine sodium has proved its predictive effica-
cy when assessed at admission and in the first 2
days of hospitalization but not at discharge [12].
Conversely, the discharge versus admission BNP
levels plus clinical model presented the more ac-
curate predictive value [13]. Further, the various
patterns of serum creatinine changes during hos-
pitalization have shown distinct prognostic value
[14]. Some differences between the prognostic
value of anaemia at admission and discharge
have also been reported [15].

Interestingly, the three groups did not differ in
terms of many well-known markers of poor out-
come, i.e. NT-proBNP or serum creatinine. The
groups did not differ in terms of the NT-proBNP

Table Il. Outcomes in the overall cohort and subgroups
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Figure 1. Differences in occurence of composite
of mortality or AHF rehospitalization between the
groups

level — a known marker of elevated intracardiac
pressure [16, 17]; therefore we presume that the
groups were relatively balanced in terms of the in-
travascular pressure. Importantly, there was no dif-
ference in NT-proBNP levels regardless of the con-
current atrial fibrillation occurrence. Regardless of
the lack of significance, the early HC group reached
the lowest HGB and HCT. We may only speculate
that the early HC group had significantly higher in-
travascular fluid accumulation and a better early di-
uretic response. Our speculation may be supported
by the facts that the early HC group had the lowest
creatinine concentration and the highest natriure-
sis, which are well-defined markers of good diure-
sis. Certainly, the patients with the lowest baseline

Parameter All cohort Early HC Late HC No HC P-value

n (%) 189 69 (37) 67 (35) 53 (28)

All-cause mortality, n (%) 45 (24) 11 (16) 17 (25) 17 (32) 0.107

Mortality or AHF rehospitalization, n (%) 70 (37) 18 (26) 31 (46) 21 (40) 0.016

Length of hospital stay, days, median [IQR] 7 [5-10] 5 [5-8] 7 [6-10] 8[6-12] 0.004

NT-proBNP discharge — admission, median [IQR] -1910 -2327.5 -1609 -1835 0.716
[193-4574] [1184.5—-4108] [30-4117] [91-4628]

HC — haemoconcentration, AHF — acute heart failure, IQR — interquartile range.
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HGB/HCT had the highest chances of experiencing
an increase of HC, due to the regression to the
mean phenomenon, which cannot be excluded.

The groups were also relatively balanced re-
garding the comorbidities, clinical presentation
and prior-admission treatment.

Our study has several limitations. The data
come from a relatively small, single-centre pop-
ulation. The patients were treated according to
outdated guidelines, which may disrupt the gen-
eralization of the results. Data about the post-dis-
charge treatment were also not collected. No data
about AHF phenotype were collected. Moreover,
there was not an established protocol of the di-
uretic therapy during the study — it was left to
the discretion of the physician. Regrettably, data
about the dosing and the type of diuretics were
not collected, so the possibility that differences in
outcome may be caused by the distinctions in the
diuretic treatment protocol cannot be excluded.
Further, the daily amount of diuresis and weight
change — critical parameters during the decon-
gestive therapy — were not stored. The analyses
are derived from the pre-existing data; thus, some
important parameters, e.g. uric acid [18] or sar-
copenia status [19], were not assessed and their
impact was not evaluated. Importantly, the hae-
moconcentration would reflect the changes in the
intravascular volume, being a rather poor indica-
tor of the tissue volume overload fluctuations.

Due to the concise format of the research let-
ter and the constraints imposed on the article’s
length, certain analyses such as regressions or
the assessment of changes in laboratory param-
eters over subsequent days could not be included
in the final version of the manuscript. Finally, the
evidence is derived from observational data. Ran-
domized prospective studies should be performed
to assess the effect of the different HC-timing
strategies on patients’ survival.

In conclusion, early HC seems to present the
best prognosis regarding the composite of mortal-
ity and AHF hospitalization and also the length of
the hospitalization.
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8. PODSUMOWANIE I WNIOSKI

W przedstawionych badaniach wykazano, ze zastosowanie addycyjnej terapii
diuretycznej obejmujacej diuretyk petlowy skojarzony z doustnym ACTZ u chorych z AHF z
przewodnieniem pozwala na uzyskanie skutecznego efektu diuretycznego i natriuretycznego.
Terapia ta przeciwdziata rowniez dyschloremii, bez pogorszenia funkcji nerek. Udowodniono
takze, ze osiggnigcie efektywnej eliminacji ptynéw w AHF, wyrazonej przez uzyskanie
wczesnej HC (w ciggu pierwszych 48h hospitalizacji), wigze si¢ z poprawg rokowania i

skroceniem czasu hospitalizacji.

W artykule przegladowym “Cardiorenal syndrome: Decongestion in heart failure
across wide spectrum of kidney pathophysiology”, na podstawie dostepnych danych
literaturowych omowiono 1 podkreslono wazna z punktu widzenia AHF aktywno$¢
metaboliczng nerek, rozumiang jako funkcj¢ nefronu nie tylko w konteks$cie samej funkcji
filtracyjnej (ktebuszkowej), ale rownie istotnej roli kanalikowej (poszczegdlnych segmentow
nefronu - miejsca dziatania diuretykow) w transporcie jonéw, skutecznej diurezie, natriurezie
oraz prawidlowej regulacji st¢zenia chloru (18, 36, 38). W publikacji opisano obowigzujace
podtypy zespotéw sercowo-nerkowych oraz zasugerowano propozycje stworzenia
interdyscyplinarnej koncepcji zespotu sercowo-nerkowego rozszerzonej o interakcje z
waznymi Zyciowo organami, w oparciu o zaburzenia réwnowagi kwasowo-zasadowej 1
homeostaze wodno-elektrolitowa (48). Przedstawiono takze praktyczne klinicznie znaczenie
monitorowania st¢zenia sodu w moczu oraz réznicowania ,,pseudo-WRF” i ,true-WRF” w
trakcie terapii diuretycznej (14, 17, 27). Opisano role 1 mozliwosci wykorzystania dost¢pnych
biomarkeréw w ocenie funkcji nerek, a zwtaszcza w diagnostyce wczesnego uszkodzenia nerek
(29-30). Podkreslono kliniczne znaczenie kompleksowej oceny chorych z AHF w
prognozowaniu wystapienia AKI (49). W manuskrypcie przedstawiono takze perspektywe
klasyfikacji diuretykdéw w oparciu o ich wptyw na zmiany stezenia elektrolitow w osoczu 1
moczu, uwzgledniajac kluczowa rolg dyschloremii w AHF (33, 36). Publikacja miata na celu
w sposOb przystepny i1 przejrzysty scharakteryzowaé ztozone interakcje sercowo-nerkowe,
omoOwic patofizjologie CRS, przedstawi¢ dostgpne metody diagnostyki oraz scharakteryzowac

optymalne strategie leczenia diuretycznego w praktyce kliniczne;.
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W ramach publikacji pt. ,,The diuretic, natriuretic and chloride-regaining effects of
oral acetazolamide as an add-on therapy for acute heart failure with volume overload. A
single center, prospective, randomized study” weryfikacji poddano hipotez¢ o korzystnym
kompleksowym wptywie terapii skojarzonej obejmujacej diuretyk petlowy i doustnym ACTZ
w porownaniu do chorych otrzymujacych standardowa terapi¢ diuretykiem petlowym na

eliminacj¢ przewodnienia u pacjentdw hospitalizowanych z powodu AHF.

Jednym z zatozeh badania bylo wykorzystanie unikalnych wlasciwosci ACTZ w
promowaniu efektywnej diurezy, rozumianej jako akwareza i1 natriureza u chorych z AHF i
cechami przewodnienia. Podanie leku o innym niz diuretyk petlowy mechanizmie i punkcie
dziatania jest wykorzystywane u chorych, ktorzy prezentuja opornos¢ na leczenie moczopedne.
Znana jest koncepcja stosowania matej doustnej dawki tiazydu w tym celu (23). Warto
zaznaczy¢, iz ACTZ w Polsce jest dostepny tylko w postaci doustnej. Wyniki
randomizowanego badania z zastosowaniem ACTZ w AHF (ADVOR - Acetazolamide in
Decompensated Heart Failure with Volume Overload trial), dotyczyly postaci dozylnej leku.
Jednakze pomimo stosowania dawek dwukrotnie wigkszych (500 mg), nie oceniano w nim
pelnego profilu bezpieczenstwa terapii przy uzyciu biomarkerow wczesnego uszkodzenia
nerek nerkowych: NGAL, Cys C, KIM-1 (38-39). Co wigcej, w prezentowanej w rozprawie
analizie wykazano, ze ACTZ ma istotne dzialanie zapobiegajace hipochloremii -
niekorzystnego z punktu widzenia perfuzji nerkowej i sprawno$ci wydalniczej nefronu
zjawiska w AHF. Jak dotychczas, modulacj¢ stezen chloru przez ACTZ oceniano
retrospektywnie na stosunkowo nielicznej grupie pacjentow (50). Chlor jest kluczowym
elektrolitem w utrzymaniu objeto$ci wewnatrznaczyniowej, co warunkuje utrzymanie perfuzji
nerkowej w AHF (51). Dlatego tez, utrzymanie optymalnego st¢zenia chloru w surowicy
moze stac si¢ istotnym celem terapeutycznym w zwigkszeniu efektywnosci i bezpieczenstwa

sekwencyjnej terapii taczacej diuretyki o r6znym mechanizmie dziatania (33, 52).

W grupie z doustnym ACTZ w poréwnaniu do grupy kontrolnej wykazano istotnie
wyzszg skumulowang diureze w drugim dniu (5300 ml [4050 - 6750 ml] vs. 3750 ml [2900 -
5150 ml], p=0.01) oraz trzecim dniu hospitalizacji (7800 ml [6500 — 9300 ml] vs. 5500 ml
[4150 — 6900 ml], p=0.004), bardziej ujemny bilans ptyndéw: (dzien 1: -1682 ml [SD 1042 ml]
vs. -903 ml [SD 1320 ml], p = 0.015, F= 6.33); (dzien 2: -1232ml [SD 977 ml] vs -597 ml [SD
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1342 ml], p=0.042, F=4.33); (dzien 3: -1126ml [SD 834 ml] vs -376 ml [SD 1143 ml], p=0.006,
F=8.32), a takze znamienng utrat¢ masy ciata w drugim dniu leczenia (3.25 kg [1.7-4.8 kg] vs.
1.13 kg [0.4-4.2kg], p=0.03) oraz w trakcie catej hospitalizacji (5.3 kg [3.4-9.3 kg] vs. 2.7 kg
[0.0-7.0 kg], p=0.02). Stwierdzono takze wyzsze punktowe stezenie sodu w moczu (dzien 2:
114.7 mmol/L [SD 41 mmol/L] vs. 74.4 mmol/L [SD 44 mmol/L], p= 0.003, F=9.64), (dzien
3: 110.2 mmol/L [SD 41 mmol/L] vs. 76.4 mmol/L [SD 42 mmol/L], p=0.006, F=8.24) oraz
stezenie chloru w surowicy (dzien 2: 104.7 mmol/L [SD 4 mmol/L] vs. 101.9 mmol/L [SD 4
mmol/L], p= 0.01, F=6.82), (dzien 3: 105.3 mmol/L [SD 4 mmol/L] vs. 102.5 mmol/L [SD 4
mmol/L], p= 0.004, F=4.46), w grupie pacjentow poddanych terapii skojarzonej z ACTZ w
porownaniu do grupy kontrolnej. Wykazano rowniez korzystny profil bezpieczenstwa, nie
stwierdzajac istotnego wzrostu stezenia kreatyniny w surowicy, obnizenia eGFR (p>0.05), ani
wystapienia WRF (OR = 0,85 95% CI [0,27-2,68], p=0.78) w grupie poddane;j terapii z ACTZ.
Dodatkowym atutem badania jest poszerzenie analizy o biomarkery funkcji nerek (NGAL, Cys
—C, KIM-1) w moczu, ktorych stezenia nie byly istotnie wyzsze (p>0.05) przy skojarzeniu
leczenia z ACTZ.

Na podstawie dokonanej obserwacji mozna przypuszczac ze doustna posta¢ ACTZ
wydaje si¢ by¢ atrakcyjnym uzupetlieniem/wzmocnieniem terapii diuretycznej w AHF. Jest

tez zachecajacym tematem do dalszych badan klinicznych, na wigkszej populacji chorych.

W ramach publikacji “Timing of decongestion and its impact on acute heart
failure prognosis.” retrospektywnie wykazano, ze osiggnigcie wezesnej HC (w pierwszych
48h terapii diuretycznej) w populacji chorych z AHF, jest zwigzane z najnizszym ryzykiem
wystapienia ztozonego punktu koncowego ($miertelnosci catkowitej, zgonu z przyczyn
sercowo-naczyniowych) lub rehospitalizacji z powodu AHF (26%), a takze krotszym okresem
hospitalizacji (mediana 5 dni), w przeciwienstwie do grupy pdznej HC (mediana 7 dni) 1 bez
HC (mediana 8 dni), p=0.004. Ztozony punkt koncowy najczesciej wystepowatl w grupie
p6znej HC (46%). Wyniki potwierdzaja przypuszczenia, iz bardziej efektywna eliminacja
przewodnienia jako strategia leczenia we wczesne] fazie hospitalizacji wptywa na poprawe
odpowiedzi hemodynamicznej i lepsze rokowanie pacjentow z AHF (53). Argumentacj¢
potwierdza fakt, iz grupy byly rownowazne pod katem chordéb wspotistniejacych, objawow
klinicznych, stezenia NTproBNP, kreatyniny, eGFR i1 sodu w surowicy. Ponadto wykazano
warto$¢ predykcyjng dla markerow odpowiedzi diuretycznej: punktowego oznaczania sodu w
moczu przy przyjeciu i w ciggu pierwszych 48h hospitalizacji oraz dla NTproBNP przy

wypisie. Uzyskane dane kontrastuja z wynikami badan w tym obszarze, w ktérych pézna HC
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wigzala si¢ z poprawa krzywej przezycia pacjentow z AHF (54). Zalezno$¢ ta jest $cisle
zwigzana z wyznaczeniem mediany czasu HC, ktéra odpowiadata potowie czasu hospitalizacji.
Co ciekawe wczesny wzrost HC §wiadczacy o szybkim i efektywnym odwodnieniu odpowiada
zalozonym w rekomendacjach celom terapeutycznym, akcentujacym konieczno$¢ jak
najszybszego opanowania objawoéw. Nalezy zaznaczy¢, ze wyniki pochodza z danych
obserwacyjnych i tylko dobrze przygotowane randomizowane badania prospektywne, moga

postuzy¢ weryfikacji tych hipotez.

Przedstawiony cykl prac jest proba zaprezentowania nowego spojrzenia na strategie
diagnostyczne 1 terapeutyczne oraz oceng wartosci prognostycznych okreslonych parametréw

w efektywnej eliminacji przewodnienia w AHF.
W oparciu o wyniki przeprowadzonych badan wykazano:

e skutecznos$¢ doustnej formy ACTZ (w dawce 250 mg) w terapii addycyjnej w
uzyskaniu zwigkszonej diurezy, natriurezy, utraty masy ciala oraz w przeciwdziataniu

dyschloremii jako potencjalnie nowej strategii terapeutycznej w AHF

e korzystny profil bezpieczenstwa stosowania ACTZ w konteks$cie ryzyka uszkodzenia
nerek (mechanizmu nefroprotekcyjnego) poprzez wykorzystanie kompleksowej oceny
filtracji klgbuszkowej oraz oceng markerow wczesnego uszkodzenia nerek: NGAL,

KIM-1, Cys C

e Kkorzystne prognostyczne znaczenie wystapienia wezesnej HC (w pierwszych 48h) w

trakcie stosowania terapii diuretycznej u chorych z AHF

Wyniki prezentowanych w cyklu badan pozwolity zidentyfikowa¢ atrakcyjng z
klinicznego punktu widzenia koncepcje terapeutyczng i diagnostyczng. Mozna przypuszczac,
ze dostepnos¢ do réznych form terapii, majacych na celu osiggnigcie sprecyzowanego,
skumulowanego celu (uzyskania skutecznej natriurezy, diurezy, HC w poczatkowej fazie
terapii diuretycznej a takze przeciwdziatania hipochloremii), moze mie¢ ogromne znaczenie
w leczeniu zr6znicowanej populacji chorych z AHF. Nalezy przy tym zaznaczy¢, Ze precyzyjna

identyfikacja profilu hemodynamicznego pacjenta z AHF jest istotna dla uzyskania adekwatne;j
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odpowiedzi na terapi¢ i wykorzystania potencjatu leczenia. Warto podkresli¢ praktyczny
aspekt zaprezentowanych wynikéw, jednak obserwacje przedstawione w rozprawie

doktorskiej wymagaja zdecydowanie weryfikacji na wigkszej populacji chorych z AHF.

W wyniku braku przetomu w leczeniu AHF, nadal istnieje uzasadniona potrzeba optymalizacji
dotychczasowych strategii oraz poszukiwania nowych metod diagnostycznych i

terapeutycznych (55-61).
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KOMISJA BIOETYCZNA

przy

Uniwersytecie Medycznym

we Wroclawiu

ul. Pasteura 1; 50-367 WROCLAW

OPINIA KOMISJI BIOETYCZNEJ Nr KB — 502 /2020

Komisja Bioetyczna przy Uniwersytecie Medycznym we Wroclawiu, powolana
zarzadzeniem Rektora Uniwersytetu Medycznego we Wroctawiu nr 133/XV R/2017 z dnia 21
grudnia 2017 r. oraz dzialajgca w trybie przewidzianym rozporzadzeniem Ministra Zdrowia
i Opieki Spolecznej z dnia 11 maja 1999 r. (Dz.U. nr 47, poz. 480) na podstawie ustawy
o zawodzie lekarza z dnia 5 grudnia 1996 r. (Dz.U. nr 28 z 1997 r. poz. 152 z p6zniejszymi
zmianami ) w sktadzie:

prof. dr hab. Jacek Daroszewski (choroby wewnetrzne, endokrynologia, diabetologia)
prof. dr hab. Krzysztof Grabowski (chirurgia)

dr Henryk Kaczkowski  (chirurgia szczgkowa, chirurgia stomatologiczna)

mgr Irena Knabel-Krzyszowska (farmacja)

prof. dr hab. Jerzy Liebhart (choroby wewnetrzne, alergologia)

ks. dr hab. Piotr Mrzygtéd, prof. nadzw. (duchowny)

mgr Luiza Miller  (prawo)

dr hab. Stawomir Sidorowicz (psychiatria)

prof. dr hab. Leszek Szenborn, (pediatria, choroby zakazne)

Danuta Tarkowska (pielegniarstwo)

prof. dr hab. Anna Wiela-Hojeniska (farmakologia kliniczna)

dr hab. Andrzej Wojnar, prof. nadzw. (histopatologia, dermatologia) przedstawiciel
Dolnoslaskiej Izby Lekarskiej)

dr hab. Jacek Zielinski (filozofia)

pod przewodnictwem
prof. dr hab. Jana Kornafela ( ginekologia i potoznictwo, onkologia)
Przestrzegajac w dziatalno$ci zasad Good Clinical Practice oraz zasad Deklaracji Helsifiskiej,

po zapoznaniu si¢ z projektem badawczym pt.:

»Pordwnanie odpowiedzi diuretycznej na zastosowanie standardowej terapii diuretykami
petlowymi z terapig skojarzong obejmujacg diuretyk petlowy i acetazolamid u chorych z ostrg
niewydolnoscig serca i cechami przewodnienia”

92



zgltoszonym przez lek. med. Anete Kosiorek doktoranta Szkoty Doktorskiej w Katedrze
Choréb Serca Wydzialu Nauk o Zdrowiu Uniwersytetu Medycznego im. Piastow Slaskich we
Wroclawiu oraz zlozonymi wraz z wnioskiem dokumentami, w tajnym glosowaniu
postanowila wyrazi¢ zgode na przeprowadzenie badania w Klinice Choréb Serca Centrum
Chordéb Serca USK oraz Katedrze Chordéb Serca Wydziatu Nauk o Zdrowiu Uniwersytetu
Medycznego im. Piastéw Slaskich we Wroctawiu pod nadzorem dr hab. n. med. Roberta
Zymlinskiego pod warunkiem zachowania anonimowoS$ci uzyskanych danych.

Uwaga: Badanie to zostalo objete ubezpieczeniem odpowiedzialno$ci cywilnej Uniwersytetu
Medycznego we Wroctawiu z tytutu prowadzonej dziatalnosci.

Pouczenie: W ciggu 14 dni od otrzymania decyzji wnioskodawcy przystuguje prawo
odwotania do Komisji Odwotawcze] za posrednictwem Komisji Bioetycznej UM we
Wroctawiu.

Opinia powyzsza dotyczy projektu badawczego bedacego podstawg rozprawy doktorskiej.

Wroclaw, dnia '4(’1 wrzesnia 2020 r. /

Uniwersytet Medyczny we Wroctawiu
KOMISJARIOETYCZNA
przewpeniczacy

\l /

\
prof. dr hiab. Jan Kornafel
\/

P
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Dr hab. Robert Zymlinski, prof. UMW Wroctaw, 26.07.2023

Kierownik Intensywnej Terapii Kardiologicznej
Instytut Chordb Serca
Uniwersytet Medyczny we Wroclawiu

OSWIADCZENIE O WSPOLAUTORSTWIE

Os$wiadezam, ze w przygotowaniu publikacji:

1) Kosiorek A, Biegus J, Rozentryt P, Hurkacz M, Zymlinski R (2022)

Cardiorenal syndrome: Decongestion in heart failure across wide spectrum of kidney
pathophysiology

Adyv Clin Exp Med doi: 10.17219/acem/144327.

2) Kosiorek A, Urban S, Detyna J, Biegus J, Hurkacz M, Zymlinski R (2023)

The diuretic, natriuretic and chloride-regaining effects of oral acetazolamide as an add-on therapy
Jor acute heart failure with volumeoverload. A single center, prospective, randomized study

Pol Arch Intern Med. doi: 10.20452/pamw.16526.

3) Kosiorek A, Tokarczyk W, Szymaiski O, Biegus J, Zymlinski R (2023)
Timing of decongestion and its impact on acute heart failure prognosis. Archives of Medical
Science

moj udziat polegat na :

PUBLIKACJA 1

- sformutowaniu probleméw i hipotez badawczych

- pomoc w analizie i doborze adekwatnej literatury pod katem wybranego tematu

- opracowanie i redagowanie manuskryptu

- nadzorowaniu procesu recenzji i nanoszeniu przez wymaganych recenzentéw poprawek

PUBLIKACJA 2

- stworzeniu koncepcji i projektu badania

- pomoc w uzyskaniu finansowania badan

- interpretacja analizy statystycznej na bazie danych literaturowych

- przygotowanie i redagowanie tresci manuskryptu

- nadzorowanie procesu recenzji i nanoszenie wymaganych przez recenzentow poprawek

PUBLIKACJA 3

- stworzeniu koncepcji i projektu badania

- interpretacja analizy statystycznych na bazie danych literaturowych

- przygotowanie i redagowanie tresci manuskryptu
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