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PE3IOME

Copneunara nenocrarbunoct (CH) e 3HaunM 31paBeH u
COIMAJIEH ITPO0JIeM 1, BBIIPEKH HaNpeabKa Ha MeIUIINHA-
Ta, MPOABIDKABA Jla O'bJie BOJEIIA TPUYHHA 32 XOCTINTAIIH-
3anuuTe B pa3BuTHTE CTpaHu. OCHOBHA M3sBa HA JAEKOM-
NICHCAIMS € XHUIIEPBOJIEMUSTA, KOSTO NMpH pedpakTepHa
CH tpyznHo Moxe 12 Objie TIOBIIUSIHA C [TO3HATHTE Jl0ceTa
cpexacTBa. B Hacrosimms 0030p € pasriienana 1noapoOHO
yarpadunrpanusita (Y®P) xaro HajexaeH, Oe3onaceH n
e(eKTUBEH METOJ 3a JIeYeHHE Ha 3acCTOMHA pedpaxrep-
Ha CH. Omnncanu ca MeToJuKara, U3BECTHUTE KIMHUYHA
MIPOYYBaHMS B Ta3u 00JIaCT, KAKTO U OCHOBHHUTE MHJIMKa-
UM U KOHTPAWHIMKAINH 32 HEHHOTO TIPHIIOKEHHE.

Kniouosu oymu: cepoeuna nedocmamwvunocm (CH), xu-
nepeonemus, yrmpaguimpayus (Y ).

Boanara 3aipbkka M CBBpP3aHUAT C Hesl OTOYEH
CHUHJIDOM € OCHOBHA M35Ba Ha JEKOMIIEHcallus Ha
CH u e npuunna 3a noeue ot 90% oT xocnurtaiu-
saruute (1). XumepBoieMmusitTa AOMPUHACS 3a MPO-
rpecust Ha CH, Biomasa mporsosara W IOBHILABa
CMBPTHOCTTA. BCHUKM HAcTOSIIN MPEHOPBKH LENAT
JIOCTUTAaHE Ha C€YBOJIEMUYHO chcTOsiHue (11,2,16),
KoeTo mpH kpaiinute ¢asu va CH, xoraro e Hamu-
e nuyperndHa pesucteHTHoct ([P), e Ha nmpakTuka
HEBB3MO)KHO. Makap MHTPaBEeHO3HOTO MPUIIOKEHHE
Ha OPUMKOBH AWYPETHLH J]a BOIHU 110 Obp3a Anypes3a
U TIpeMaxBaHe Ha 0eJI0ApOOHHMS 3aCTOM M IUCIIHES,
TAXHOTO MHOTOKPAaTHO TpPWJIOKEHHWE HamalsiBa
edpexTa uM. [IpOABIKUTETHOTO J€YCHHUE C BHCOKH
7031 OpUMKOBU AMYPETHLM CE CBBbpP3Ba C MOBHUIIIA-
BaHE Ha CMBPTHOCTTA, KOETO C€ ABJKH Ha HEBPO-
XyMOpajiHa aKTHUBalMsl, €JICKTPOJIUTEH AucOajaHc,
BIIMSIHUE BBPXY ChpJieuHaTa 1 ObOpedHaTa GyHKIUSL
(7,13). Yatpaduntpanusra € anTepHATHBEH METO
3a U3BJIMYAHE Ha BOJA M COJU, KOSITO O€30macHo Mo-
nooOpsiBa xemoanHamukara npu CH (4).
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ABSTRACT

Heart failure (HF) is a major health and social problem
and despite the advances in medicine it still remains the
main cause for hospitalizations in the developed world.
The main sign of decompensation is hypervolemia, which
in refractory HF is difficult to treat with the currently
available medications. This review studies in detail ultra-
filtration (UF) as a safe, effective and promising method
for management of refractory congestive HF. The proce-
dure, the prominent clinical studies in this field, as well as
the main indications and contraindications are described.
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Water retention and the related to it edematous syn-
drome are the main signs of heart failure (HF) de-
compensation and the reason for more than 90% of
hospitalizations (1). Hypervolemia contributes to HF
progression, deteriorates the prognosis and increases
the mortality rate. All current recommendations aim
to achieve a normovolemic state (11,2,16), which
during the end stages of HF, when there is diuretic
resistance (DR), is practically impossible. Despite
the fact that the intravenous application of loop di-
uretics leads to quick diuresis and clearance of the
pulmonary congestion and dyspnea, their continuous
use decreases their effect. Prolonged treatment with
high doses of loop diuretics is linked to an increased
mortality rate, which is a result of neurohumoral ac-
tivation, electrolyte imbalance, and an impact on the
cardiac and renal function (7,13). Ultrafiltration (UF)
is an alternative method for water and salt extraction,
which safely improves the hemodynamics in HF (4).
Extracorporeal UF has been known since the incep-
tion of dialysis therapy, but it was first in 1974 when
Marc Elliot Silverstein and associates demonstrated
the possibility of using it as a method of fluid ex-
traction (17). Later, in 1979, the American nephrolo-
gist Robert Gerhardt applied this method in patients
with refractory HF and hypervolemia (8). There is
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Exkcrpakopnopannara Y@ e 1mo3Hara, OTKakTO € U3-
BECTHA AMANM3HATA Tepanus, HO 32 TbPBH BT Marc
Elliot Silverstein u cbrpyanunum npe3 1974 r. mokas-
BaT BB3MOXKHOCTTA J]a Ob/JIe M3MOJI3BaHa KaTO METO]
3a u3BiM4aHe Ha TeyHocT (17). Majnko Mmo-KbCHO,
npe3 1979 r., amepukanckusiT Hedposor Robert
Gerhardt npuara Merosa rpu NaueHTu ¢ pedpak-
tepHa CH u xuneponemus (8). Jluncsar nanuu 3a
npuioxxkenuero Ha Y® npe3 80-te u 90-Te rogunu,
karo npe3 2003 r. amMmepukaHcKaTa areHIus Mo Je-
KapcTBaTa M XpaHHUTE YCHBBPILICHCTBA HM3BECTHUS
JIOTOraBa IMBaic 32 U3BbplIBaHe HAa YD C BbBEKIa-
HE Ha TIOPTaTHBEH amapar, KOeTo AaBa Ha4yajoTo Ha
MHOXECTBO KJIMHUYHH TMPOYYBAHHS M HAyYHH pas-
paboTKH B Ta3u 00JIacT.

HNPUHOUIIN HA METOJIUKATA

Y® e u3BnuuaHe HAa TEYHOCT OT KPBBTA IMOCPEI-
CTBOM TOJTYTIPOITYCKJIMBa MeMOpaHa (XeMOpUITHD)
B OTTOBOP Ha TPAaHCMEMOpAHEH IPagueHT, KOHUTO ce
TeHepUpa OT eJlHa CTpaHa OT pasiuKaTa B XHJIpocTa-
TUYHOTO HaJsSraHe MEXIy KpbBTa U (uirpara, a OT
Jpyra — OT OHKOTHYHOTO HaJIIraHe Ha IUIAa3MEHHUTE
MPOTEHMHH. 3a 1eTa ce U3BBPIIBA KAHIOJIMPaHE Ha
apTepusi WINM BEHa, cjell KOeTO KpbBTa IpEeMHHA-
Ba MIpe3 amapara U OuMBa BpbILAHA 110 OTIEJICH ITBT
BBB BEHO3HaTa cucrema. CTaHAapTHO ce mpuiara
LEHTpaJIeH IOCTBII pe3 IoryIapHa Wi GpeMopanHa
BEHa, HO HAIIOCJICABK CE M3M0JI3Ba U KaHIOIMPaHe Ha
nepudepen cb. CpliecTByBar a8a pexuma Ha YO B
3aBHCUMOCT OT LIEJTUTE, 32 KOUTO Ce MpuIara: MHTep-
MUTEHTHA (32 4-8 4.) ¥ MpoIbIDKUTETHA (32 72 4.).

Upes YO® conute, YUUTO pa3MEPH ca MO-MaJKU OT
TE3W Ha MopuTe Ha MeMmOpaHaTa, NpEeMHHABaT Ia-
CHBHO M KOHIICHTpaLUsTa UM B yinTpaduirpara e
€/IHaKBa C Ta3W B IUIa3Mmara. Taka ce MmojydaBa U3-
OTOHMYEH WJIM W30HATPUEMHUEH yINTpaduiTpaT, 3a
pasnuka OT XWIIOTOHWYHATa TEYHOCT, H3TbYBaHA
ype3 JuypeTHuny. Thi KaTo KOHUEHTpaLusITa Ha ce-
PYMHHTE €JIEKTPOJIUTH OT IBETE CTPaHU Ha MeMOpa-
HaTa He ce MpoMeHs npu YD, mpu MpuUI0KEHUETO
Ha TO3M METOJ] He ce Ha0JII0JaBa XUTMIOKATUEMHUSI MITH
XHMIIOMarHe3UeMHsl, KOETO Ce Cpellia YecTo MpH Mpu-
noxeHue Ha auyperun. OCBeH TOBa, INYPETULIUTE
BOJIAT JI0 MO-IPOIBJKUTENIHA HHTPaBacKyIapHa Xu-
MTOBOJIEMUsSI M1 MHXMOMpaHe Ha oOpaTHaTa peadcop-
Ous Ha XJIOPUIM B MakyJja AEH3a, KOETO MOBHIIABa
CEeKpeLusITa Ha PeHUH, CJIeJ0BAaTeHO OBUIIIABA Pe-
TEHLHUATA HA BoJa U cond. Thil Kato ckopocTTa Ha
W3BIIMYAHE M PECIEKTUBHO BPBILAHE HA TEYHOCT OT
KpbBTa Nipu Y® ¢ eqHa M Cbla, HE ce HabIronaBa
MPOABIDKUTEIHA UHTPABACKYJIapHa XUIOBOJIEMHS U
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no data about UF application in the 1980s and 1990s.
In 2003, the Food and Drug Administration in the
US improved the known by then UF device with the
introduction of a portable apparatus, which prompted
numerous clinical studies and scientific publications
in this field.

METHODS AND PRINCIPLES

UF consists of fluid extraction from the blood by
means of semipermeable membrane (hemofilter) as
a response to a transmembrane gradient, which is
generated, on one hand, by the difference in the hy-
drostatic pressure between the blood and the filtrate,
and by the oncotic pressure of plasma proteins, on
the other. An artery or a vein is cannulated for this
purpose after which the blood passes through the
device and is returned, using a separate pathway, to
the venous system. A central access via a jugular or
femoral vein is used in general, but recently cannula-
tion of a periphery vessel has started being used as
well. There are two UF regimens depending on the
goals, which is used for: intermittent (4-8 hours) and
continuous (for 72 hours).

UF helps salts, the size of which is smaller than the
pores of the membrane, to pass passively and thus,
their concentration in the ultrafiltrate remains the
same as that in the plasma. The product is an isotonic
or an isonatremic ultrafiltrate as opposed to the hy-
potonic fluid, which is a result of the use of diuretics.
Because the serum electrolyte concentration on both
sides of the membrane does not change in UF, no
hypokalemia or hypomagnesemia, often seen with
the application of diuretics, is observed. In addition,
diuretics lead to a more prolonged intravascular hy-
povolemia and inhibition of the reverse reabsorption
of chlorides in macula densa, which increases renin
secretion and subsequently leads to increased water
and salt retention. Since in UF the speed of extraction
and return of fluid to the blood, respectively, is con-
stant, no prolonged intravascular hypovolemia and
neurohumoral activation is observed. The speed of
water and salt filtration depends mainly on the trans-
membrane gradient and can be managed via changes
in this gradient: increase of the blood flow or suction
on the side of the ultrafiltrate. It is important to main-
tain a constant rate in UF so that the extracellular flu-
id gradually fills the intracellular space, thus ensur-
ing a constant blood volume. If this speed is too high,
it may lead to dyssynchrony between extraction and
return of blood and to blood volume decrease, and
consequently to hypovolemia with hypotension. It
is also necessary to maintain adequate anticoagula-
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CBHOTBETHO HEBPOXyMoOpajiHa akTuBauusi. CKOpocT-
Ta Ha UITPUpPAHE HA BOAATA M COJMTE 3aBHCH OC-
HOBHO OT TPaHCMEMOpaHHHMS TPaAMEHT M MOXKE Ja
ObJe ynpasisBaHa 4pe3 MPOMSIHA B TO3U IPAJAUEHT:
YBCJIM4YaBaHC Ha KPBHBHUSA MOTOK WJIM MpUJIaraHe Ha
BCMYKBaHe OT CTpaHara Ha ynrpadunrpara. BaxHo e
MOAABPKAHE HA IOCTOSIHEH TeMIl Ha Y D, 3a 1a Moxke
eKcTpalelyjlapHaTa TEYHOCT IIOCTEIEHHO J1a U3ITbJI-
Ba UHTPALIEIYJIAPHOTO IIPOCTPAHCTBO U 10 TO3U HAa-
YHMH Jla C€ OCUTYpPHU MOCTOSHEH KPBBEH 00eM. AKO
Ta3u CKOPOCT € TBBPJAE BUCOKA, MOKE J1a C€ CTUTHE
A0 JUCCHUHXPOHUS MCKAY H3INOMIIBAHEC W BPbHIIAHE
Ha KPpBbBTA U 10 CIlaJl Ha KPBbBHUA O6€M U CBOTBETHO
XUIIOBOJIEMUS C XUNIOTEeH3UsA. HeoO0XxoaumMo € U 1o-
ABPIKAHC Ha aJICKBaTHA aHTUKOAaryJianusa 4pe3 HUC-
KOMOJIEKYJIHH XE€MapuHH, 3a Jla He ce Npeau3BUKa
TpoMOO3upaHe Ha KaTeTpuTe, Kato ce cieau APTT
WM TIapIHUaIHO TPOMOOIIIIACTHHOBO BPEME.

WUHINKALIUA U KOHTPAUHIUKALIUU

[Ipu nmpoBenenure gocera npoyuBanus Y@® e Ouna

MpuJlaraHa Inpy nanueHTu ¢ kpaeH craauili Ha CH u

r3pa3eHa XHUIIePBOJIEMIUs, H3pa3siBalla ce B MOHe 2

OT ClIeTHUTE Oelera Ha BoHA 3a/IpbiKKa (5,3,6):

1. oromwm;

2. wu3pa3eH IIHMEH BEHO3EH 3aCTOM;

3. pEHTreHOBM JaHHH 3a OenoapoOeH 3acToif,
TJIEBPATHH U3ITUBHY;

4. xemaToMerajus, acliiT;

5. HalWYWe Ha BIIAYKHH XPUIIOBE B OEIOPOOHHTE
OCHOBH WJI OPTOITHESI.

OcBeH knacuueckute npossu Ha oboctpeHa CH e

HeoOXoauMo M Hanmmuuetro Ha JIP, koeTo Bce ole

TPYZAHO MOXe Aa Obae NeduHUpaHO B KIMHAYHATA

npakTuka. Criopen HSIKOM aBTOPW TIPU JIOCTHTHA-

Ta JHEBHA opaliiHa j03a Ha (yposzemun Hax 80 mg

i Topazemunl Hag 40 mg W 3ambpKaHe Ha Oene-

3WTE Ha XUIEPBOJIEMHUS € HaJUIe PE3UCTCHTHOCT

kbM auyperuii. Knuanuaen Oener va /[P ca gecture

pexocnuTaIu3aly U JUIcaTa Ha 3Ha9UM e(PeKT OT

BEHO3HOTO UM TIpWiIOkeHne. Bee olie He e BhBeeH

nmabopaTopeH KpUTepUil 3a U3MEpBaHe Ha TO3H ITOKa-

3ares, Taka 4e Bcekw marueHt ¢ [V dyHkiuonanexn

knac CH u Gene3n Ha xumepBosieMusi, KOMTO HE OT-

roBapsi Ha BHCOKa J103a JAWYPETHUK, € IMOAXOJIAI 3a

n3BbpIIBaHE Ha Y O.

Ha Ta6mn. 1 ca npencraBeHn OCHOBHUTE WHIMKAIHH

3a YO (5,3,6) criopeq HACTOSIIIIUTE aMEPUKAHCKH H

€BPOMEHCKHU MPENOPBKH:

Konrpaunaukanuu 3a YO ca :

*  Ht >40%;

* kpaed craauid Ha XBH, n3nckaai xemonuanusa;

tion with low molecular weight heparins to prevent
clotting in the catheters by monitoring APTT or the
partial thromboplastin time.

INDICATIONS AND
CONTRAINDICATIONS

In the conducted so far studies, UF has been applied

in patients with end-stage HF and marked hypervol-

emia, with at least two of the following signs of wa-

ter retention present (5,3,6):

1. edemas;

2. marked venous congestion of the neck;

3. radiographic data for pulmonary congestion,
pleural effusions;

4. hepatomegaly, ascites;

5. presence of basilar rhonchi or orthopnea.

In addition to the classic presentation of decompen-

sated HF, the presence of DR is required as well,

which is still difficult to define in clinical practice.

According to some authors when a daily oral dose

of furosemide over 80 mg is reached and the hyper-

volemia characteristics persist, there is diuretic re-

sistance. A clinical sign of DR are the frequent re-

hospitalizations and the lack of a significant effect

from their intravenous application. There is still no

laboratory criterion for the measurement of this indi-

cator, therefore each patient with HF with functional

class IV and signs of hypervolemia, who does not

respond to a high dose of diuretic is suitable for UF.

Table 1 presents the main indications for UF (5,3,6)

according to the current American and European rec-

ommendations:

The contraindications of UF are as follows:

*  Ht >40%;

» end-stage chronic kidney failure (CKF) requir-
ing hemodialysis;

» susceptibility to hypercoagulation;

» gystolic BP < 85mmHg;

* anticoagulation contraindications;

* systemic infection.

There are no limitations in regard to the HF etiology

but many studies report better results in ischemic or

nonischemic dilated cardiomyopathy in comparison

to valvular defects.

During the procedures, it is necessary to discontinue

any diuretic therapy and potassium-depleting or sub-

stituting medications. The use of inotropic agents,

which are excluded in most studies, is debatable but

there is no specific contraindication against their

application and, when needed, they can be used to

maintain the cardiac output. The rest of the media-

tions, such as ACE inhibitors, angiotensin receptor
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Table. 1.

American College of cardiology/American
Heart Association (11)

In HF combined with severe renal insufficiency and refractory to treat-
ment edematous syndrome, UF or hemofiltration might be necessary
to achieve adequate control of water retention. This would lead to
significant clinical benefits and could reverse the resistance to loop
diuretics.

Canadian Cardiovascular Society (2)

In properly selected patients, a slow prolonged venous-venous UF can
be used in close collaboration with a nephrologist or therapist with
experience in this area.

European Society of cardiology (16)

In chronic HF refractory to pharmacological therapy, UF can eliminate
pulmonary edema and hyperhydration. In more serious patients, the
improvement is temporary. UF can also be discussed in acute HF when

all other measures have proven ineffective.

*  CKJIOHHOCT KbM XHUIIEPKOAryJIaIus;
e cucronHo AH < 85mmHg;

*  KOHTpPaMHJMKALMU 32 aHTHKOAryJarus;

*  CHUCTEMHa MHQEKIHS.

Hsama orpanunyenus otHocHo etuojorusrta Ha CH,
HO MHOXECTBOTO INPOYYBaHMS OTUYMTAT IO-JOOpHU
pe3yaTaTH MpU UCXEeMHYHA WM HEUCXEMHYHA IH-
JIaTaTUBHA KapAMOMUOIIATHS B CPAaBHEHHUE C KIIAIIHU
IIOPOLH.

[lo Bpeme Ha mpoBeXAaHEe HA MPOLEAYPUTE € He-
00X0IMMO IpPEeyCTaHOBSIBAHE HA AUYPETUYHOTO Jie-
YEHNUE U CHOTBETHO KAJIMH-TIECTSALIN U 3aMECTBAILU
MearkaMeHTH. CHOpPHO € M3IMO0JI3BAaHETO Ha HHOT-
POITHH CPEICTBA, KOUTO Ca M3KJIIOYEHU B IIOBEUETO
IIPOYYBaHUs, HO HIMa KOHKPETHA KOHTPAUHAUKALIUS
3a TSXHOTO U3IOJI3BaHE U IPU HEOOXOAUMOCT MOTaT
na ObJaT mpWiaraHy 3a HOAAbPXKAHE Ha ChpICUEH
neout. Ocrananure MeaukameHnTH, kato ACE nnxu-
OouTopH, aHTHOTEH3UH pernentopHu Ookepu (APB),
Oera-Omokepr, HUTPATH W [p., HAMAT OTHOIICHHE
kbM YD 1 He ce Hanara 1a ObaT MpeyCcTaHOBSIBaHM.
Jloxa3areqicTBa OT OCHOBHMTe  KJIMHHYHH
NPOYYBaHMA:

Ha Ta0:. 2 e HampaBeH Mpersiel Ha OCHOBHHUTE KJTH-
HUYHYU NPOYyYBaHMA B Ta3u obnact. MHTepec mpen-
CTaBJIsIBA HaW-TOJISIMOTO NMPOY4YBaHE B Ta3H 00JIACT
UNLOAD (5), pe3ynraTure OT KOETO ca IyOIUKY-
Banu npe3 2007 r. To € NpOCHEKTUBHO, PaHAOMU-
3UPaHO, MYJITHLEHTPOBO MPOYYBaHE 3a paHHA YD
CHPSIMO BEHO3EH IUYPETUK NPH IALUEHTH, XOCIHU-
TAJIN3UPAaHU O ITOBOJ CHhPACYHA HEAOCTATBUHOCT
U XUIEpBOJEeMUs. YCTaHOBEHO €, ue Makap Y® na
HSIMA MPEeIUMCTBA Mpes CTaHAapTHaTa ITUypeTHYHA
Tepanus 3a HaMaJsiBaHEe Ha CyOEKTUBHATA CHUMIITO-
MaTHKa, ManueHTuTe ¢ Y @ UMat 3HaUUTEIHO M10-T0-
JIIMa pelyKUUs Ha Terio B mbpBUTE 48 4. ciien YO u
MTO-MaJIKO PEXOCIUTAIN3AHY B cieaBamute 90 qau.
[Ipu rpynara ¢ Y® opannara no3a ¢pypo3emu Ha-
MaJisgBa, KOSTO B M3BECTHA CTEICH O3HauaBa, ue YD
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blockers (ARBs), beta blockers, nitrates, etc. are not
related to UF and do not have to be discontinued.
Proof from the Major Clinical Studies:

Table 2 presents an overview of the major clinical
studies in this field. The study of the largest scale
UNLOAD (5), the results of which were published
in 2007, is of special interest. It is a prospective, ran-
domized, multicenter study on early UF compared
to intravenous diuretic in patients hospitalized for
heart failure and hypervolemia. It has been estab-
lished that, even though UF had no advantages over
the standard diuretic therapy for subjective symptom
management, in patients with UF there was signifi-
cantly higher weight loss in the first 48 hours after
UF and fewer rehospitalizations in the subsequent
90 days. In the group with UF, the dosage of oral
furosemide decreased, which, to an extent, meant
that UF had an impact on DR. Up to this moment,
this is the study that describes best the advantages of
UF. It was followed by a substudy with the same de-
sign, but looking for the impact of UF on renal func-
tion and hemodynamics (18) (Rogers, 2008), which,
however, did not prove any significant benefits of UF
in regard to renal function. In 2009 and 2010, Cris-
tina Giglioli and associates conducted 2 studies on
the effects of UF on cardiac hemodynamics (9,10).
The last study, ULTRADISCO (10), compared two
patient groups — with UF and with intravenous di-
uretic. Significant effects of UF on the hemodynamic
indicators were determined, without influencing con-
siderably indicators, such as systolic BP, diastolic
BP, heart rate, etc. as opposed to the impact after the
use of diuretics alone. At the same time, a significant
decrease of NT-proBNP, aldosterone, creatinine, and
subjective symptoms was registered. These two stud-
ies present UF in a new way and will probably initi-
ate more studies in this field.

UF from a Nephrologist’s Point of View:

For the most part, studies and UF are conducted in
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Tabl.2. Major clinical studies

Researcher/Year | Title Patients | Method Results Conclusion
Peripherally L Every 8 hrs there is .
B. Jaski et inserted veno- 25 ss}l/rsl‘zsrli[]lﬁf%(llr UF > 1L extracted fluid zglceess ?sprlgir:llnle
al./2003 (12) venous UF for patients | with peripheral and Snglﬁcant. Welg.h L for quick fluid
rapid treatment of loss registered; no side . .
access extraction via UF
volume overload effects
Early UF in Early UF started Egr(li}; d;hgslp1ta11zat10n UF before iv
patients with at the 4.7+3.5" S = o T
M. R. Costanzo decompensated 20 hour before rehospitalization for diuretic decreases
et al./2005 (6) HF an(llj diuretic patients intravenous a 30-day period; BNP the stay and
resistance diuretic decrease at discharge rehospitalizations
and on day 30
Comparison of . .
UF vs usual care 8-hour UF in Almost twice the \]::v?arlllytg:r;:e?zﬁgle,
B. Bart et for hospitalized 40 combination amount of extracted leads to sienificant
al./2005 (3 atients with HF atients | with standard fluid and weight loss in . g .
p p g
weight loss and fluid
(RAPID-HF) care and standard | the UF group .
extraction
measures alone
xrovied fuidang | UF leads 0
UF vs i.v. diuretics . L better weight
. . weight loss; similar
M. R for patients Comparison chanee in the dvspnea: loss, decreases
L hospitalized 200 of UF with & yspnea, rehospitalizations
Costanzo/2007 for acute patients | intravenous on day.90.— 1‘?85 . in a 90-day period
(5) d Lo rehospitalizations with : .
ecompensated HF diuretic shorter hospital stay and and is an effective
(UNLOAD trial) less un lanPr)1 ed doci]or alternative therapy
SS unp to diuretics
visits in the UF group
A randomlzqd, . UF does not lead
controlled trial of Urine output, to sienificant
H. Rogers/2008 the renal effects of 19 GFR, renal No difference in GFR di ﬁ”e%ences in renal
(1.8) & UF as compared atients plasma flow in and renal plasma flow in hemodynamics in
to furosemide in P UF compared to | both groups com aryison to Lv
patients with acute a diuretic diurtr:)tic thera o
decompensated HF py
Effects of UF
o clinieal. Monitoring he | G F i b
. ’ biohumoral and 18 Y . .
biohumoral and hemodvnamic signs and symptoms, a | UF improves cardiac
C. Giglioli, haemodynamic 30 effects }; FUF decrease of aldosterone | hemodynamics,
2010/ (10) variables in patients d and pro-BNP, and when compared to
tients with compare to . t of v, diureti
patients wi intravenous an improvement o i.v. diuretics
decompensated HF diuretics multiple hemodynamic
(ULTRADISCO parameters
study).

noBnusisa JIP. /Io To3u MOMEHT TOBa € MpPOYyYBaHe-
TO, KOETO OTYMTA B HAl-roJisiMa CTEIeH peIMMCTBa-
ta Ha Y®. To OuBa mocieaBaHO OT MOANPOYYBAHE
ChC CBIIUSA JU3aiiH, HO THPCELIO BIUAHUETO HA YD
BBpXY ObOpeuHata (pyHKUUs U xemoanHamuka (18)
(Rogers 2008 r.), koero obaue He JOKa3Ba 0COOCHU
MIOJI3U TI0 OTHOLIEHHE Ha ObOpeyHaTa GyHKUUS TpU
npoBexxaane Ha Y®. IIpe3 2009 u 2010 r. Cristina
Giglioli u cpTp. mpoBexnaT 2 mpoy4BaHus 3a epex-
tuTe Ha Y@ BBpPXy cChpAeyHaTa XEeMOJMHAMHKA
(9,10). Nocneanoto npoyusane ULTRADISCO (10)

a close collaboration with a nephrologist. Theoreti-
cally, there are significant benefits for the kidneys
in comparison to diuretics. UF helps avoid the ac-
tivation of the renin-angiotensin-aldosterone system
(RAAS), the sympathoadrenal system (SAS), and
the inclusion of tubuloglomerular feedback. The
extracted ultrafiltrate is isotonic compared to the
plasma and contains a higher amount of salts than
urine extracted with diuretics. In addition, direct flu-
id extraction from the intravascular space leads to a
decrease in the central pressure and an increase of re-
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CpaBHsBa JIBe Ipynu nauueHTu ¢ YO u ¢ BEHO3eH
JUYPETHK. YCTaHOBEHHU Ca CHIIECTBEHU ePEKTH Ha
Y@ BbpXy XeMoAMHAMHYHH TIOKa3aTenu, 0e3 Ja ce
MOBJIMABAT 3HAYMMO I10KA3aTeNH, KaTO CHCTOJIHO-
to AH, muactomnotro AH, cbpaeuynara dectota u
JIPYTH, 32 pa3jiuKa OT BIUSHHUETO CJIE]] IPUIOKEHHE
caMmo Ha AuypeTuiy. B ch1oTo Bpeme ce peructpu-
pa curHudukantHo HamansBaHe Ha NT-proBNP,
QIJIOCTEPOH, KPEaTHHUH U B CyOEeKTUBHATA CUMIITO-
Martuka. Te3u JBe nmpoyuBaHus nokassar Y@ B HOBa
CBETJIMHA U BEPOSATHO IlI€ JIafaT HayaJlo Ha OIlE U3-
ClIeZIBaHUS B Ta3u 00JacT.

Y® or riiegHa Touka Ha HedpoJiora:

B romsmara cu yact mpoydBaHMATAa U NPOBEXKIA-
HeTo Ha Y® OuBa M3BBPUIBAHO B TSCHA Kosabopa-
uus ¢ Hedposor. TeopeTnyecku MOTJIEAHATO HMa
3HAYUTEIHU TOJI3U 3a ObOpeKa B CpaBHEHHE C JIH-
yperuuute. Upes Hest ce M30sArBa akTHUBALMATA Ha
penuH-annocrepononata-cucrema (PAAC), cum-
natuko-aapenanHa cucrema (CAC), BKIOuYBaHe-
TO Ha TyOyJO-rJIoMepyJiHaTa oOpaTHa Bpb3ka. W3-
BJICUCHHAT YINTpaQUITPaT € W30TOHHYCH CIIPSIMO
masMaTa u ChAbpKa MO-TOJIIMO KOJIMYECTBO COJIH,
OTKOJIKOTO YpHHATa, M3BJE€UYEHAa 4pe3 JNypPeTHIIH.
OcBeH TOBa, TMPEKTHOTO U3BJIMYAHE HA TEYHOCT OT
HMHTPaBaCKYJIapHOTO MPOCTPAHCTBO BOJMU JI0 Hama-
JIiBaHE Ha IEHTPAIHOTO HaJsraHe U IOBHILIABaHe
Ha O0bOpeuHoTo nepdy3noHHo Hamsrane. CmsAra ce,
Yye MEXaHHYHOTO H3BJIMYaHE Ha TEYHOCT BOJU JIO
CUTHU(HKAHTHA PEIYKIUs Ha HHTpa-a0JOMUHAITHO-
TO HaJISITaHE W 10 TO3W HAYHMH JI0 NOJ00psiBaHE Ha
ObOpeuHata (pyHKIMS Ype3 BEHO3HA JCKOHIECTHSL.
VYcTaHOBEHO € M HaMallsIBaHe Ha JIMypeTHYHaTa pe-
3UCTEHTHOCT CJIe]] IPOBekIaHe Ha Y D, KOETO HAKOU
aBTOPU CMSATAT, Y€ Ce ABJDKU HA M3BIMYaHE HA WH-
(h1raMaTOpHU HUTOKUHH M TOKCHHU 110 Bpeme Ha Y ©.
Crnopen Hedposo3ute odaue YD e merox 3a Jieue-
HUE Ha CHbp/CYHA, a He Ha ObOpeYHa HeJOCTaThY-
Hoct. Toit He BoaM 10 yBpekiaHe Ha ObOpeuyHara
(YHKLUS, KAKTO MPUJIOKEHUETO Ha AUYPETHIIH, HO
W HsMa mopoOpsBaiy epeKT Mo OTHOILIEHHWE Ha Oc-
HOBHHUTE IMOKAa3aTeJH, KaTO KPEaTHHUHOB KIHMPBHC,
nzunciena rnomepynna ¢punrpanus (GFR), penanen
IJ1a3MeH KPBbBOTOK, KOETO CE€ U J0Ka3Ba OT BCUUKH
MPOBENEHH J0 MOMEHTAa KJIMHUYHH MpPOYyYBaHUS
(13,15). BepostHo nopaau T03u (HaKT CbBPEMEHHHU-
TE MPOYYBaHUS Ce U3BBPILBAT MPU MAIMEHTH Oe3 Ha-
JuyHa ObOpeYHa HEeJOCTAhUHOCT.

Bb3MoxkHHN HexkenaHu epexTn HA YD:
Yarpapuirpanusra € 6e30maces u 100pe MOHOCHM
OT MalMEHTUTE METOM, YUHTO CTPAHUYHU €PEKTH ca
MoJOOHM Ha TE€3U MPH APYTH EKCTPAKOPIIOPATHU Me-
Tonuku. Psiiko cpemanu ctpannyau eexTu ca (14):
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nal perfusion pressure. It is thought that mechanical
fluid extraction leads to significant reduction in the
intraabdominal pressure and thus to an improvement
of the renal function by means of venous deconges-
tion. A decrease in diuretic resistance after UF has
been established and some authors suggest that it is a
result of the removal of inflammatory cytokines and
toxins during UF.

However, nephrologists think that UF is a treatment
method for heart and not for kidney failure. It does
not impair the renal function like the use of diuretics
but it also does not lead to an improvement in regard
to the main indicators, such as creatinine clearance,
glomerular filtration rate (GFR), renal plasma flow,
which has been established by all conducted clinical
trials up to this moment (13, 15). It is probably due to
this fact that current studies are conducted in patients
without kidney failure.

Possible Adverse Effects of UF:

Ultrafiltration is a safe and well tolerated by patients
method, the adverse effects of which are similar to
those of other extracorporeal methods. Rare side ef-

fects are (14):

* air embolism;

» Dbleeding from the venous access spot;

* hemolysis;

* bio-incompatibility: extremely rare due to the
new polymers, which are used in this method; it
presents with hypotension, fever, and broncho-
spasm;

» allergic reactions;

» side effects related to the speed of UF: they are
usually a result of non-compliance between ex-
traction and return of fluids; they are character-
ized by hypotension and a possibility of acute
circulatory reaction;

e infection of the central venous catheter;

» clotting in the catheter;

* deterioration of the present renal insufficiency
and an eventual need for dialysis.

Financial Costs/Benefits Ratio:

Because HF is a leading cause for hospitalizations

worldwide, the costs of which increase continuously,

it is thought that each method, which can help de-
crease the number of hospitalizations and the length
of hospital stay, is economically advisable. It is true
that UF requires expensive equipment, supplies (cen-
tral catheters, etc.) and still requires the participa-
tion of specialists from different fields (nephrology,
dialysis, cardiology, intensive care), but with the
improvement of the equipment, the introduction of
portable devices, which do not necessitate a central
venous access and well-trained staff, the financial
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*  BB3AYILIHA eMOOIHs;

*  KbpPBEHE OT MACTOTO Ha BEHO3HMS JIOCTHII,

*  XEMOJIu3a;

*  OMOHECHBMECTUMOCT: HW3KIIOUUTEIHO psaKa
MOpaay HOBUTE CUHTETHUYHU MOJTUMEPHU, KOUTO
ce M3MOJI3BaT NP TO3M METOJ; U3pa3sBa ce B
XHITOTOHUS, TPECKa, OPOHXOCHA3bM;

*  aJepruvHU peakluu;

* CTpaHHYHH e(EeKTH, CBHP3aHU ChC CKOPOCTTA
Ha Y®: uecTuTe ce AbJKAT HA HECHOTBETCTBUE
MeXJly U3TOYBaHE U BpbIaHE HAa TEYHOCT; MU3-
pa3sBaTr ce B XUIIOTOHHUS U BB3MOXHOCT 3a OC-
Tpa LHUPKYyJAaTOPHA HEAOCTATHhYHOCT;

*  uH(EKTHpaHe Ha IEHTPAIHU BEHO3EH KaTeTh;

* TpomOO3MpaHe Ha KaTeThPa;

*  BIOLIaBaHE Ha HaJMM4HA OBOpEeUHa HEeTOCTAThY-
HOCT ¥ €BEHTYaJIHO NPeMUHaBaHe KbM JIHAIN3A.

CphoTHOLIIEHUEe HeHa/moJI3a:

Toit kato CH e Bozema mpruurnHa 3a XOCIUTAIA3AI[IH
B 15T CBAT, YMITO pa3xoan HEMIPEKbCHATO PacTaT, ce
CMsITa Ye BCEKH METOJ], KOWTO OM MOT'BI] J1a HaMaJH
YyecToTaTa Ha XOCHUTAIU3ALUUTE U MPOIBIIKUTEN-
HOCTTa Ha OOJHUYHHUSI MPECTOH, € MKOHOMHYECKH
uesnecbobpaszen. Mcruna e, ue npu YO ce uznon3sa
CKBIIO CTpyBallla amaparypa, KOHCyMaTHBH (LI€H-
TpaJIHU KaTeTpHu U Jp.) U € C y4aCTHEeTO BCe Ollle Ha
CHEIMATUCTH OT Pa3jMyHU 00JacTH (HepOIOrHs,
Jyanu3a, KapAHOJIOTHs, WHTEH3MBHO OTJIEJIEHUE),
HO C YCHBBPILIEHCTBaHE Ha amapaTUTe, HaBIU3aHE B
yrnoTrpeba Ha IOPTATUBHUTE anapaTy, KOUTO HE U3-
MCKBAT MOCTaBsIBaHE Ha IIEHTpaJIeH BEHO3€H IbT U
J00pe 00y4eH repcoHall, Te3U Pa3Xxoau Ouxa MOTIIH
3HAYUTESTHO Jla HaMaJesT.

bbaemu nepcnekTuBu Ha YD:

OCHOBHHTE HEpelIeH! BBIPOCH KacasT pasOupaHe
Ha MHTUMHUTE ME€XaHu3Mu Ha npoueca YD u nonsa-
Ta OT HETO M3BBH U3BJIMYAHETO Ha TeYHOCT. Bee orie
ce M3cie/iBa NpUYMHATa 32 HaMaJlsiBaHe Ha PeXOCIH-
TaJM3AIMNATE U TOI00PSABAHETO HA JUYPETHYHHS OT-
roBOp ciex nposexaane Ha Y @. Jlumncsar npoyusa-
HUS 32 IBIATOCPOYHATA OE30MaCHOCT U BIHMSIHAETO Ha
YO BBpXy CHpAECUHOTO peMozennpane. be3 orrosop
0CTaBa ¥ BBIIPOCHT AU MOJIOKUTEIHUTE e(DEeKTH Ha
YO ce gpipKaT caMo Ha MEXaHUYHOTO U3BIMYAHE HA
TEYHOCT, WJIM ChILECTBEHA POJIS UMa U U3BJIUYAHETO
Ha IPOUH(IIAMATOPHY [IUTOKUHY U JIPYTU MEIAHATO-
pu. Pa3zpaboTBa ce Mojen 3a BbBEXKAaHE Ha YyJTpa-
¢unTpanusiTa KaTo METO/| Ha JIeYeHHE Ha MallMeHTH
B M3BBHOOJIHUYHA cpeja B aMOYJIATOPHU YCIIOBHSI.
Bcenuku Te3u BrIpocu Be30YKIAT HHTEpEca KbM Me-
TOJMKAaTa U ca MPUYMHA 32 HApacTBAIOTO U3II0JI3BA-
He Ha Y@ B pyTUHHATAa IIPAKTHKA.

costs could decrease significantly.

Future Perspectives of UF:

The main unresolved issues are related to understand-
ing the inner mechanisms of the UF process and its
benefit apart from fluid extraction. The reason for the
decrease of the number of hospitalizations and the
improvement in the diuretic response after UF is still
being investigated. There are no studies on the long-
term safety and the impact of UF on cardiac remod-
eling. There is no data on whether the positive effects
of UF are due only to the mechanical fluid extrac-
tion or the removal of pro-inflammatory cytokines
and other mediators also plays a significant role. A
model of introducing UF as a treatment method for
patients in outpatient setting is being developed. All
these questions generate interest in this method and
are a reason for the increased application of UF in
routine practice.

CONCLUSION

The increasing number of rehospitalizations and the
related costs require the introduction of new methods
for efficient management of hypovolemia in decom-
pensated HF. Ultrafiltration is a fast, safe and reliable
method for the treatment of refractory HF. The use
of UF in suitable patients leads to quick improve-
ment of symptoms, leads to the possibility of a short-
er hospital stay and to a decrease in the number of
rehospitalizations, as well as to an improvement of
the patients’ functional capacity without any signifi-
cant adverse effects. Future clinical trials will give an
answer to many unsolved problems about the inner
mechanism of action of UF and its long-term effects.
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