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Summary

Diuretic-resistant congestive heart failure in the form of type 2 cardiorenal syndrome is a prob-
lem of growing significance in everyday clinical practice because of high morbidity and mortali-
ty. There has been scant progress in the treatment of overhydration, the main cause of symptoms
in this group of patients. The aim of our review is to present recent advances in the ultrafiltration
therapy of congestive heart failure, with special attention to the new dedicated device for extra-
corporeal isolated ultrafiltration, as well as modifications of peritoneal dialysis in the form of peri-
toneal ultrafiltration with icodextrin solution and incremental peritoneal dialysis. Technical and
clinical features, costs and potential risks of available devices for isolated ultrafiltration are pre-
sented. This method should be reserved for patients with true diuretic resistance as part of a more
complex strategy aiming at the adequate control of fluid retention. Peritoneal ultrafiltration is pre-
sented as a viable alternative to extracorporeal ultrafiltration because of medical and psychosocial
benefits of home-based therapy, lower costs and more effective daily ultrafiltration. In conclusion,
large, properly randomized and controlled clinical trials with long-term follow-up will be essential
in assessing the logistics and cost-effectiveness of both methods. Most importantly, however, they
should be able to evaluate the impact of both methods on preservation of renal function and de-
laying the progression of heart failure by interrupting the vicious circle of cardiorenal syndrome.
Our review is supplemented with the case report of the use of peritoneal ultrafiltration with a sin-
gle 12-hour nighttime icodextrin exchange as a life-saving procedure in a patient with congestive
heart failure resistant to pharmacological treatment.

congestive heart failure ¢ isolated ultrafiltration  hemodialysis ¢ peritoneal ultrafiltration
peritoneal dialysis

HR - heart rate; MAP - mean arterial pressure; SI - stroke index; Cl - cardiac index; SVRI - systolic
vascular resistance index; TFC - thoracic fluid component; Heather/HI - low Heather index
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BACKGROUND

Diuretic-resistant congestive heart failure (CHF) is a problem
of growing significance in everyday clinical practice. It is re-
lated closely to type 2 cardiorenal syndrome (CRS), which is
characterized by chronic abnormalities in cardiac function,
causing progressive chronic kidney disease (CKD) with glo-
merular filtration rate (GFR) below 60 ml/min/1.73 m? [1].
Data collected from over 200,000 US patients and summa-
rized in the ADHERE Registry indicate that on discharge,
nearly 50% of patients gain weight or loose less than 5 Ibs
(1.25 kg) [2]. The Framingham Study found that 80% of
men and 70% of women under age 65 years diagnosed with
CHF die within 8 years from the diagnosis [3]. In France,
deaths from HF increased by 35.3% between 1992 and
2002, while during the same period the overall death rate
increased by only 7.7% [4]. Worldwide prevalence of CHF
is estimated at 23 million people and affects mostly elder-
ly individuals. Every year in the US 550,000 new CHF cas-
es are diagnosed, with 1 million hospitalizations/per year
and overall costs of treatment exceeding 37 billion USD in
2009 [5]. According to the European Society of Cardiology,
the incidence of heart failure (HF) in Europe can be esti-
mated at 0.4-2.0% of the total population, which translates
into 500,000-750,000 patients in Poland [6].

Depending on the CHF stage, as well as presence or absence
of end-stage renal disease (ESRD), methods complimenta-
ry to conservative treatment of overhydration include iso-
lated ultrafiltration (iUF) or hemodiafiltration (HDF) with
extracorporeal devices or peritoneal UF or peritoneal di-
alysis (PD). The aim of our review is to present recent ad-
vances in the ultrafiltration treatment of congestive heart
failure patients, with special attention given to peritoneal
ultrafiltration.

SEARCH STRATEGY

Studies were identified searching MEDLINE Registry from
January 1970 to July 2011, combining the terms “heart fail-
ure and ultrafiltration” and “heart failure and peritoneal ul-
trafiltration or peritoneal dialysis”. The search strategy was
limited to English-language articles on adults. We retrieved
all full-text non-duplicated articles documenting clinical stud-
ies of UF in heart failure and describing patient characteris-
tics, UF procedures, renal outcome and adverse effects. We
analyzed 103 articles found for HF and iUF and 45 found
for HF and peritoneal dialysis or peritoneal ultrafiltration.

DEFINITION AND CLASSIFICATION OF HEART FAILURE

Since the traditional view of HF — as a myriad of symptoms
caused by inadequate performance of the heart —is no longer
adequate, 2 new classifications of HF have been introduced
[7.8]. The American College of Cardiology/American Heart
Association (ACC/AHA) classification is based on the type
of structural damage to cardiac muscle (stages A-D), while
the functional NYHA classification is based on symptoms
and loss of physical activity [7]. According to the ACC/AHA
classification, only stages C and D reflect the traditional
clinical diagnosis of HF. It should be emphasized that the
ACC/AHA classification does not replace the NYHA func-
tional classification, but it highlights some important fac-
tors in understanding heart failure:

¢ HF is the common pathway of disorders affecting all parts
of the heart, having common pathogenesis beyond stage
in the disease;

¢ adecrease in ejection fraction (EF) is not a prerequisite
for a diagnosis of heart failure;

¢ heart failure is a progressive disorder;

¢ treatment should be tailored to the stage of disease (ac-
cording to ACC/AHA classification) rather than to the
patient’s symptomatology or NYHA class;

¢ the necessity to increase the dosage of loop diuretics or
patients’ resistance to these drugs are usually indicative
of CHF - both are also markers of severity of concomi-
tant renal failure.

CONGESTIVE HEART FAILURE - PATHOPHYSIOLOGY

Traditionally, congestive heart failure is defined as the state
in which an abnormal cardiac function is responsible for
the inability of the heart to pump an adequate volume of
blood to meet the requirements of the peripheral tissues
[9]. However, many patients do have structural cardiac al-
terations that impair systolic or diastolic function, but do
not have clinical signs of heart failure. Experimental and
clinical studies showed that HF is characterized by increased
neuro-humoral activation of the sympathetic nervous system
(SNS), the renin-angiotensin-aldosterone system (RAAS)
and increased activity of vasopressin and endothelin, as
well as various cytokines, which all contribute to the dete-
riorating renal function and progression of the disease [9].
Lack of counterbalance by the endogenous vasodilatators
such as brain natriuretic peptide (BNP) might be respon-
sible for sodium and water retention. Low cardiac output
leads to low tissue perfusion, systemic vasoconstriction, acti-
vation of the RAAS and SNS systems, alteration in nitric ox-
ide balance and release of antidiuretic hormone, and, sub-
sequently, sodium retention. Renal vasoconstriction with
increased proximal tubular and reduced distal tubular de-
livery of sodium and water is responsible for resistance to
atrial natriuretic peptide (ANP) and increased sensitivity of
distal nephrons to aldosterone. Gradual progression of HF
to renal hypoperfusion with resulting fluid overload leads
to the subsequent development of CRS and the accompa-
nying resistance to diuretics [1,8,9].

STANDARD THERAPY OF CHF

The treatment of CHF patients aims to relieve symptoms,
to prolong survival and to prevent or delay progression to
more severe cardiac dysfunction. It is widely accepted that
it should not rely entirely on inotropic drugs, but rather at-
tempt to limit ventricular remodeling and to inhibit neu-
ro-humoral activation [10]. Lifestyle and diet issues are of
crucial importance here, especially with regard to salt and
fluid restrictions. Pharmacological therapy has evolved great-
ly during the past 2 decades. All patients with chronic HF
and treated on an out-patient basis should be considered
for treatment with ACE inhibitors and beta blockers, since
both of these prolong survival and prevent progressive dys-
function and remodeling, particularly in systolic HF [11].
The standard therapy of CHF should also include conven-
tional diuretics — mainly loop diuretics combined with spi-
ronolactone in patients with GFR >30 ml/min/1.73 m?, as
well as sodium-blocking agents exerting their activity in oth-
er parts of the nephrons. The proper control of sodium and
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water balance is of vital importance because up to 80% of
hospitalizations from CHF are due to acute overhydration
and only 5% are due to low cardiac output [12]. Recent HF
therapy guidelines, which underscore the widely accepted
safety and efficacy of diuretics, recommend the use of intra-
venous diuretics in the case of acute decompensating heart
failure (ADHF) [8,10].

The adequate diuretic treatment of CHF requires access to
all fluid compartments: intravascular, interstitial and intra-
cellular, with a rate of removal of excess salt and water that
avoids depletion of intravascular volume, decrease in renal
perfusion and glomerular filtration rate (GFR) as well as
activation of the neuro-humoral axis. Importantly, loop di-
uretics induce salt and water removal in a way that results
in hypotonic urine, a temporary reduction of hydrostatic
pressure and natriuresis. Some reports suggest that long-
term treatment with loop diuretics might result in electrolyte
wasting, renal dysfunction and the progression of HF [13].

Among HF patients, older individuals remain particularly
resistant to conventional therapies, with typical geriatric is-
sues such as hypoalbuminemia, anemia and renal insuffi-
ciency usually to blame, as well as dementia-related forget-
fulness leading to patient’s noncompliance with the sodium
and fluid intake requirements. Consequently, decrease of
renal perfusion and renal failure occurs, posing a signifi-
cant challenge to modern-day cardiology [14]. New thera-
pies aim at enhancing myocardial contractility and inducing
resynchronization, as well as offering mechanical circulato-
ry support. Recently developed drugs such as calcium sen-
sitizers and endothelin antagonists, among others, did not
show significant benefit in this high risk population, with the
possible exception of eplerenone (a selective aldosterone
antagonist) and levosimendan (a calcium sensitizer) [15].
However, the results of several clinical trials of the new de-
vices, including the implantable cardioverter-defibrillators
(ICD), cardiac resynchronization and biventricular pacing,
are quite encouraging [16]. Recently, the left ventricular as-
sist devices (LVAD) have been used not only as a temporary
“bridge” to cardiac transplantation, but also as an “end of
the life” or even long-term treatment option [17].

Although enormous progress has been made in the treat-
ment of patients with CHF, mortality rates remain high and
the affected population continues to grow. From the nephrol-
ogist’s point of view, the underlying cause for lack of suc-
cess is that little if any progress has been made in the treat-
ment of overhydration, the principal cause of symptoms in
this group of patients. Therefore, development of new so-
dium- and water-removing strategies in close cooperation
between nephrologists and cardiologists will be necessary
for optimization of existing treatment modalities.

ALTERNATIVE METHODS OF FLUID REMOVAL IN CHF

Advantages of alternative methods of fluid removal in CHF
include: an improvement in cardiac output due to the
Frank-Starling mechanism, an increase in the left ventricu-
lar diastolic inflow, and improvement in lung compliance
after removal of the excess fluid. Extracorporeal therapies
are more frequently used for the acute decompensated HF
(ADHF) and short-term management of refractory conges-
tive HF [13]. Peritoneal ultrafiltration (pUF) and peritoneal

dialysis (PD) as home based procedures have been proposed
by some authors for the long treatment of chronic CHF that
is resistant to diuretics [18-20].

EXTRACORPOREAL ULTRAFILTRATION

The terms “ultrafiltration” and “hemofiltration”, although
signifying 2 quite different processes, are often used inter-
changeably, especially in cardiology. Ultrafiltration (UF)
refers to either the removal of water during renal replace-
ment therapy (RRT) or isolated fluid removal from blood
(known as isolated UF [iUF]). It involves the mechanical
removal of fluid by generating a convective gradient across
the filter membrane. Ultrafiltration removes water and elec-
trolytes without affecting plasma electrolytes and without in-
creasing the risk of metabolic disturbances. The electrolyte
concentration of the ultrafiltrate is equal to that of plasma,
which is in striking contrast with the excretion of sodium (90
mkEq/L) and potassium (30 mEq/L) in the urine achieved
with diuretics. The generation of isotonic filtrate is associ-
ated with a sustained reduction of hydrostatic pressure and
avoids the stimulation of the RAAS and SNS systems. In con-
trast with iUF, hemofiltration is based on the convective re-
moval of plasma water, but also requires the partial or to-
tal replacement of the plasma water by a clean solution of
known electrolyte concentrations (usually 2-3 L/h) in the
continuous type of hemofiltration, or up to 6-8 L/h in high-
volume hemofiltration/hemodiafiltration procedures [20].

ISOLATED ULTRAFILTRATION

Extracorporeal ultrafiltration for fluid removal proposed
by Silverstein in 1974 as a modification of the standard HD
system has been employed in overhydrated ESRD patients
as well as patients with CHF resistant to diuretics [20,21].
Recently, more interest for this method was generated due
to the development of a portable device for isolated UF
(iUF). This device, which was designed for both hospital-
ized and ambulatory patients with diuretic-resistant CHEF,
was approved by U.S. Food and Drug Administration [22-
25]. In the next 2 sections of this review, we will describe
the principles of this method, as well as clinical results in
patients with diuretic-resistant CHF in the context of its po-
tential to be applied on an out-patient basis, similarly to the
peritoneal ultrafiltration method, described in the second
part of our review.

AVAILABLE MACHINES FOR IUF: TYPES, PRINCIPLES AND
CosT-EFFECTIVENESS

Three different types of machines are available for iUF, each

corresponding to different logistic and clinical conditions

and costs [20]. The machines available are the following:

¢ simplified machines like: Aquadex Flexflow Fluid Removal
System100 (CHF Solutions Inc, Brooklyn Park, MN, USA)
and Dedyca (Bellco, Mirandola, Italy); both devices are
intended mostly for cardiology wards, but are also rec-
ommended by manufacturer for ambulatory therapy in
so-called Aquapheresis Outpatient Clinics;

* machines for continuous renal replacement therapy
(CVVHF/HDF) like PrismafleX with AN 69 ST and oX-
iris filters and the new PrismafleX XEED System with
SepteX for removal of cytokines, especially in septic shock
(Gambro) used in the ICUs;
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¢ machines for standard hemodialysis/hemofiltration, like
the AK 200 Ultra S (Gambro) routinely used in nephrol-
ogy wards.

The treatment specifications for Aquapheresis with the
Aquadex Flexflow Fluid Removal System are as follow:
central or peripheral venous access; outpatient or inpa-
tient treatment; surface area 0.12 m?-0.25 m?; fluid remov-
al rate from 0 to 500 mL/h; with 10 mL/h increment; BFR
20-40 mL/min; BV 33 mL/circuit; standard anticoagula-
tion; duration of procedure usually 8-12 h. The kinetic
characteristics of the UF 500 Blood Circuit Set used with
the Aquadex Flexflow 100 device are the following: filter
molecular weight cut-off point 65 kD; filter sieving coeffi-
cient for urea, creatinine, vitamin Bm: 0.98; albumin sieving
<0.02; K for BFR 40 mL/min and UFR 8.3 mL/h equal to
5.6 mL/h/mmHg [26].

The disposable filter is a truly a central part of the device, since
it determines the amount and velocity of fluid removal and
the permeability to particles of different molecular weight.
In comparison, filters used for HDF with PrismafleX and the
ANG69 or oXiris membranes are characterized by high rate of
absorption of low molecular weight proteins like cytokines,
which is especially enhanced through the greater surface
area of the latter. In experimental conditions the adsorption
on the oXiris membrane, according to initial concentration
near to zero, rises up to 750 times in the case of IL6. It can
result in improvement of patient’s hemodynamic status [27].

SepteX filters used in the treatment of sepsis enable the re-
moval of molecules of weight up to 45 kDa, such as cytokines.
Controlled trials demonstrated the effective elimination and
significant reduction of plasma levels of proinflammatory
mediators [28-30]. The SepteX membrane effectively re-
moves mediators in diffusive modality. The mean cytokine
clearances in human plasma with QD=42 ml/min, QB=200
ml/min for IL-6 and IL-1 are 28 and 45 ml/min, respective-
ly. However, these clearances can be enhanced by increas-
ing dialyzate flow. According to Morgera et al., an increase
of QD from 1.0 to 2.5 1/h raises the IL-6 clearance more
than 2-fold [28]. The SepteX therapy is operated in CVWHD
modality. A non-convective therapy (when QUF=0 ml/min)
allows limited albumin looses due to the large pore size of
the SepteX membrane, and it improves patient safety. The
SepteX can also remove mediators in convective modality
(when QUF>0 ml/min). Its membrane pore size is 2 to 3
times larger than standard high-flux membranes. It results
in higher values of sieving coefficients of proinflammatory
cytokines and higher removal of these molecules. Adsorption
in the AN69 ST and oXiris membranes is the mechanism
that removes up to 53% of cytokines, the remaining are re-
moved by diffusion and convection.

In contrast to CVWHF/HDF performed with SepteX mem-
brane in PrismaFlex, Aquapheresis with Aquadex monitor
is not an effective method for removal cytokines and oth-
er pro-inflammatory molecules. Polysulfone filter used in
the Aquadex device has no adsorption capability and, de-
spite high molecular weight cut-off point of maximum 65
kD, the small flows applied do not allow effective cytokines
removal. In Aquapheresis with Aquadex, blood flow of 40
ml/min and ultrafiltration typically below 2 1 per procedure
are applied, which is in contrast with blood flow of 150 ml/

min and ultrafiltration of at least 35ml/h/kg in CVVHF/
HDF. This is insufficient to remove significant amounts of
cytokines. There is no data available of the actual sieving
coefficient for cytokines with the Aquadex FlexFlow sys-
tem. The percentage of cytokines theoretically removed by
convection with Aquadex (with UF of 11) was calculated by
Daniel Baczynski from our group, using sieving coefficients
according to Bouman et al. [27]. The results for cytokines
removed from blood (patient of 70 kg) at UF=1 1 are as fol-
lows TNF a=0%, IL-6 <3%; IL-8 <3%.

There is no data about rebound effect transport of cytokines
from intracellular compartment to blood compartment di-
rectly after the Aquapheresis procedure. There is no data
confirming that the amount of cytokines removed with
Aquapheresis is clinically significant. Thus, CVWHF/HDF
with SepteX and oXiris filters remains the only document-
ed method of cytokines removal [27-30].

According to Wertman et al. the cost of the Aquadex de-
vice is around $25,000 USD [13]. Fiaccadori et al. estimat-
ed the costs of disposables (filters and entire circuit) as:
900 € for Aquadex; 150-250 € for continuous RRT; and
20-50 € for standard HD/hemofiltration [20]. It must be
mentioned that the actual costs of iUF are influenced not
only by the type of machine and disposable material used,
but also by the number of treatments needed, as well as or-
ganization and equipment at the ward where the treatment
is performed (cardiology/nephrology wards/ICU or spe-
cial outpatients clinics with separately trained personnel).
The high costs of this procedure also result from the high
rate of readmissions due to the exacerbations of HF (eg, at
least twice a year in the U.S.).

GENERAL RECOMMENDATIONS FOR IUF

The main indication for iUF in recent guidelines (class IT a,
level B recommendation) is fluid overload in patients with
true resistance to diuretics [13,15]. Such patients maintain
positive fluid balance despite fluid/salt dietary restrictions
and optimal diuretic therapy. Constanzo et al. define op-
timal diuretic therapy as maximally tolerated doses of in-
travenous loop diuretics supported by sequential nephron
blockade with other drugs [31]. In practice, there is no
agreement on the definition of “true diuretic resistance”.
The Aquadex Flex Flow device manufacturer characteriz-
es it as: fluid overload >10 Ibs (4.5 kg); diuretic dose >80
mg furosemide per day; or inadequate diuretic response;
or less than 1.0 L of urine output in 8 hrs and <2.5 L <24
hrs with serum creatinine increase >0.3 mg/dl; or frequent
readmissions due to overhydration [26].

Other authors determine the threshold for true resistance
to diuretics at the level of 240-320 mg of furosemide per
day, supported by agents acting on the other parts of neph-
rons [25,32]. In 2006 Eshagian et al. published data show-
ing that higher doses of furosemide or its equivalent (>160
mg/day) were associated with higher mortality rates, and
patients were 3 times more likely to receive dialysis in com-
parison with the group of patients treated with lower dos-
es of furosemide. Moreover, it was shown that patients with
CHF exacerbations treated with high doses of oral diuretics
on an out-patient basis often showed progressively weaker re-
sponses to loop diuretics administered in the hospital [33].
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Isolated UF presents as a reasonable option for patients
with renal dysfunction associated with potentially revers-
ible fluid overload such as systemic and renal congestion,
but not with structural changes of the kidney. In the case of
advanced renal failure with metabolic alterations and symp-
toms of uremic syndrome, other methods such as standard
hemodialysis/hemofiltration or peritoneal dialysis should
be considered [20,25].

CLINICAL EFFECTIVENESS TRIALS AND SAFETY ISSUES OF IUF

Since the first report of UF used in the treatment of CHF
in 1978, several case reports followed, presenting convinc-
ing results of successful removal of fluid overload and im-
provement of symptoms in therapy-resistant CHF patients
treated with UF [13,20,22-25].

The report by Jaski et al. describes one of the first attempts
to use the portable Aquadex Flexflow device for safe and
effective removal of salt and water in patients with fluid
overload (SAFE STUDY) [22]. Recently published data by
Fiaccadori et al. discusses technical issues, mechanisms, effi-
cacy, safety, costs and indications for iUF in heart failure, and
summarizes the most prominent clinical trials [20]. There
as follows: RAPID-CHF trial (Bart et al.), EUPHORIA trial
(Constanzo et al., 2005), and UNLOAD trial (Constanzo et
al., 2007) [24,34,35]. The first 2 trials were conducted in
small groups of patients (up to 20) and within an inconsis-
tent experimental set-up: various doses of diuretics, either
peripheral or central vascular access, with or without control
groups. On the other hand, the results of the largest-to date
randomized, prospective and controlled trial (Ultrafiltration
versus intravenous diuretics for patients hospitalized for
acute decompensated heart failure - UNLOAD) published
by Constanzo et al. in 2007, allows for drawing reliable con-
clusions about the efficacy of the treatment in this group of
patients. The above mentioned study involved 200 acutely
decompensated patients with 2 or more signs of hypervol-
emia, who were randomized into 2 groups: those treated
with iUF (Aquadex System 100, CHF Solutions, Minneapolis,
MN) and those treated with intravenous diuretics admin-
istered either continuously or as a bolus. After 48 hours of
hospitalization, the iUF group demonstrated 38% great-
er weight loss and 28% greater net fluid loss as compared
to controls (p=0.001) but had equal improvement in dys-
pneascore (p=0.35); 90 days post-discharge the iUF group
demonstrated a 50% reduction in re-hospitalizations for
HF (p=0.022) and 63% reduction in total days of re-hospi-
talizations for HF (p=0.022) [35].

The first long-term study of the results of ultrafiltration in
CHF patients comes from Jaski et al., 2008. It followed 100
patients (aged 65+14) predominantly diagnosed with systol-
ic heart dysfunction and treated with iUF for the 43 months
and a total of 130 hospitalizations. An average of 7.0+3.9 L
(median 6.3 L) of fluid was removed by the UF treatment
during 2.1+1.2 iUF sessions per hospitalization, resulting in
the average weight loss of 6 kg. At discharge, baseline creat-
inine level did not change. Although there was no control
group, the authors compared their results with the ADHERE
database; despite the fact that the study included severely
ill patients with significant volume overload, there was no
difference in survival rate between UF-treated HF patients
and the ADHERE data [36].

Little is known about the effects of iUF on renal function
in HF. Small-scale observational studies showed no changes
in renal function (assessed by measuring serum creatinine)
when iUF was compared to diuretics in stable patients with
HF [24]. Rogers et al. found that when glomerular filtra-
tion rate (GFR) and renal plasma flow were directly mea-
sured, no significant difference was found between groups
of patients treated with iUF and diuretics [37].

A cost-effectiveness analysis of the UNLOAD trial data
suggests that the actual financial burden on the Health
Insurance System might be smaller in the case of iUF as
compared to traditional treatments — although generally
iUF is more expensive; however, it is associated with short-
er and less frequent hospitalizations [20,25].

LIMITATIONS OF CLINICAL TRIALS

Although providing invaluable insights into the new treat-

ment modalities, the above described clinical trials are bur-

dened by several limitations:

¢ exclusion of patients with hypotension/hemodynamic in-
stability and/or treated with vasoactive inotropes;

® no data on compliance with low-salt diet;

e Jack of fluid overload assessment;

¢ too many variations of diuretic therapy — suboptimal ad-
ministration of intravenous loop diuretics; mean loop di-
uretics doses not compliant with the current guidelines;

¢ the dose of diuretics in the standard therapy group was
at the discretion of attending physicians;

¢ iUF duration, rate, and weight loss of the patients were
at the discretion of attending physicians.

ADVANTAGES AND DISADVANTAGES OF ISOLATED
ULTRAFILTRATION PROCEDURE

Listed below are some of the positive and negative aspects
of iUF that came to light in the course of the above de-
scribed clinical trials.

The benefits:

¢ hemodynamic: reduced right atrial and pulmonary artery
systolic pressure (PASP), reduced or unchanged pulmo-
nary vascular resistances — factors especially important
in patients being prepared for heart transplantation; un-
changed or increased cardiac index, unchanged heart
rate, and mean arterial pressure, unchanged or reduced
peripheral vascular resistance; improved peak exercise
capacity;

¢ clinically in comparison with diuretics: more efficient sodi-
um removal and more rapid relief of systemic and pulmo-
nary congestion; no clinically significant impact on heart
rate or blood pressure; if iUF and refilling rates are well-
balanced the hemodynamic status of the patient is stable;

e Jogistics/costs: in the future possible ambulatory treat-
ment option, associated with possible lower rate of read-
missions.

A recent post-hoc analysis of the UNLOAD trial, comparing
the readmissions rates of the subgroup of patients treated
with iUF with those on IV diuretics, found that although the
general differences in the amount of fluid removed by iUF
and IV diuretics were not significant (with the only signifi-
cant differences observed between iUF and IV bolus diuretics
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groups), fewer readmissions and unscheduled emergency
department or office visits were observed with iUF [38].

The shortcomings:

¢ the simple iUF device does not provide correction of the
concentration of serum electrolytes like potassium, as well
as of BUN and acid/base disturbances because of specif-
ic properties of filters with sieving effect for convective
transport of sodium, and no diffusive gradient for other
particles;

® Jack of evidence supporting effective removal of proin-
flammatory cytokines and myocardial depressant factor
(MDF) by simple UF devices like Aquadex, in contrast to
highly specialized types of membranes used in hemodi-
afiltration method [25];

¢ conflicting data on decreased activation of SNS, NA and
RAAS systems as a result of intensive but intermittent
form of ultrafiltration therapy;

¢ limited evidence on restoring sensitivity to diuretics.

The main downside of iUF is the individual hemodynam-
ic status of patient, which depends on several factors influ-
encing vascular refilling rate (VRR). If the intended ultra-
filtration is higher than VRR, the risk of hypovolemia and
hypotension followed by sharp decrease in renal perfusion
might be significant. Apart from renal and hemodynam-
ic complications, iUF has a fair share of problems typical
of any other renal replacement therapy (RRT) technique
based on an extracorporeal circulation; the most common-
ly observed are problems linked to venous access (periph-
eral or central). Additionally, since the typical iUF session
if usually longer than the standard HD session (8-12 hours
vs. 4 hours, respectively), proper control of anti-coagulation
might pose a considerable challenge.

PROPOSALS FOR THE FUTURE

There certainly is a long way to go before introducing the

portable iUF devices into everyday out-patient-based prac-

tice. According to Kazory et al. [39], several clinical issues

still need to be resolved:

¢ the protective influence of iUF on renal function in com-
parison to diuretics still needs to be reassessed and con-
firmed, especially because residual renal function (RRF)
is a strong predictor of mortality in CHF;

¢ improvement in long-term survival in CHF patients should
be confirmed by long-term, controlled clinical trials;

* superiority of peripheral vs. central venous access should
be confirmed;

¢ because the duration of UF session usually is longer than
standard HD the problems of anticoagulation as well as
hemodynamic control of velocity of ultrafiltration should
be resolved;

¢ the logistics of this method should be improved — at
present, iUF is being carried out in various departments
(nephrology, cardiology, ICU) or on outpatient basis in
Aquapheresis Outpatient Clinics by personnel who are
not necessarily well-trained in RRT;

¢ there is a need for studies to confirm the cost-effectiveness
of this method, based on fewer readmissions and lower costs
of disposables as compared to the traditional treatments.

In conclusion, the iUF clearly has the potential to change
the traditional therapeutic approach to patients with proven

refractory ADHF and chronic CHF. Until the aforemen-
tioned shortcomings of this method are resolved, it should
be reserved for selected patients with advanced heart fail-
ure and true diuretic resistance, as part of a more com-
plex strategy aimed at adequate control of fluid retention.

PERITONEAL ULTRAFILTRATION IN CHRONIC CONGESTIVE
HEART FAILURE - A VIABLE OPTION

Peritoneal dialysis in its continuous or automatic form (CAPD
or APD) is a widely accepted alternative dialysis modality to
hemodialysis in patients with end-stage renal disease (ESRD).
It provides the medical and psychosocial benefits of home
dialysis to a large number of patients, and is associated with
lower costs, and has clinical outcomes comparable to that of
HD. Patients with type 2 cardiorenal syndrome developed
in the course of CHF certainly represent a new and unique
niche within the kidney disease spectrum. Depending on the
degree of their GFR reduction, this group of patients may be
treated with continuous peritoneal ultrafiltration or one of the
forms of PD - continuous or automatic (CAPD/APD) —as an
alternative to different modifications of HD [18,19,40-42].

Several reports underscore the efficacy of PD as an approach
providing daily, continuous, slow ultrafiltration in patients
with CHF [19,43-49]. These promising results, together with
over 30 years of our own experience in using CAPD/APD
as the only available method of home dialysis in Poland,
prompted us to introduce our own program of different
modifications of PD in CHF resistant to diuretics [49-52].

KINETICS OF PERITONEAL ULTRAFILTRATION

PD removes excess water and sodium mainly by means of os-
motic ultrafiltration. The commonly used dialysis solutions
contain glucose at different concentrations as an osmotic gra-
dient resulting in the transfer of water from the peritoneal
vascular bed into the dialysate, which then flows into the di-
alysate container. Unfortunately, as the time of dialysis ex-
change extends beyond 4 hours, its efficiency is reduced due
to a decrease of the osmotic gradient. This decrease is caused
by the absorption of glucose into the circulation and can by
itself lead to hyperglycemia, hyperinsulinemia, and obesity.
Icodextrin, a glucose polymer, has been shown to provide long
and efficient ultrafiltration and, as opposed to glucose, to per-
meate into the bloodstream only to a small extent [18,52].

PD results in the removal of water as well as sodium ions, as
illustrated by the sodium sieving phenomenon. The perito-
neal membrane contains 3 types of pores: ultra-small, small,
and large. Initially, water permeates through ultra-small and
small pores as a result of high osmotic pressure due to the
presence of a high concentration of glucose in the dialysis
solution. At the same time, water molecules carrying sodi-
um ions travel exclusively through small pores. This initial
stage of PD is described as convective transport of sodium.
As the peritoneal exchange progresses and the glucose os-
motic gradient disappears, sodium transport occurs through
diffusion. The sodium concentration gradient (blood — hy-
pernatremia/fluid — hyponatremia) forces sodium perme-
ation from the blood into the dialysate. Disappearance of
glucose gradient in the first stage is a direct reason why short-
er and more frequent peritoneal exchanges are preferred
when glucose solutions are used. However, the procedure
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should be long enough to allow the second phase (sodium
diffusion) to take place. As normal blood volume and arte-
rial pressure are achieved, the cardiac load decreases and
sympathetic nervous system activity returns to baseline lev-
els. At the same time, responsiveness to diuretic treatment
is restored.

THERAPEUTIC BENEFITS OF PERITONEAL ULTRAFILTRATION

Therapeutic benefits of increased ultrafiltration volume
in patients with HF include limiting the pathophysiologi-
cal process by inhibition of inflammatory cytokines release,
normalization of neurohormonal pathways, and restoration
of diuretic responsiveness. Unfortunately, since the ultrafil-
tration-mediated convective clearance of cytokines is non-
specific, beneficial cytokines are lost along with the pro-in-
flammatory ones [53-56]. On the other hand, although the
mass clearance of cytokine compounds during PD seems to
be low, PD can remove myocardial depressant factors such
as e.g.: TNF-a, ranging between 0.5 and 20 to 30 kDa [54].
Some studies demonstrated PD-related decrease in BNP
levels (3.5 kDa). Chung et al. studied the relationship be-
tween serum N-terminal pro-brain natriuretic peptide (N'T-
proBNP) levels, left ventricular (LV) dysfunction (measured
by M-mode, 2-dimensional cardiac sonograph) and extracel-
lular water (measured by a multifrequency bioimpedance
analyzer) in 30 CAPD patients with a mean age of 47+12'y.
Serum NT-proBNP levels correlated positively with LV mass
index (r=0.768, p=0.01) and extracellular water (r=0.866,
p=0.01) but negatively with LV ejection fraction (r=—0.808,
p=0.01). The authors suggest that serum NT-proBNP levels
can be a clinical predictive marker for LV hypertrophy and
dysfunction, as well as a marker of volume status in CAPD
patients [57].

There are a limited number of publications addressing the
issue of removing cardiac injury markers into the dialysate
[564-56]. These markers include medium molecular mass
molecules (between 0.5 and 20-30 kDa) such as atrial na-
triuretic peptide (ANP), tumor necrosis factor-o. (TNF-o1)
and myocardial depressant factor (MDF), as well as interleu-
kin (IL)-1 and IL-6. It has been suggested that removal of
these molecules inhibits myocardial remodelling and myo-
cyte apoptosis [54,565]. A study conducted by Zemel et al.
on a group of 20 stable patients on CAPD demonstrated
that TNF-0, and its receptors TNF-ot I and TNF-o IT diffuse
into dialysate from blood. Removal of these molecules is in-
dependent of their local production, for example in dialy-
sis-associated peritonitis, and their transport directly corre-
lates with their molecular mass — the smaller it is, the larger
the ratio of their dialysate level to serum level (D/S) [54].
Fincher et al. conducted a study on 19 stable CAPD patients,
in which D/S for ANP was measured in the 90" minute of
a standard dialysis exchange. They demonstrated signifi-
cantly higher baseline ANP values in patients on CAPD as
compared to healthy controls. In the 90" minute of the ex-
change, ANP could still be detected in the dialysate, and its
level correlated with its baseline serum level [55].

LoNG DWELL PD wiTH ICODEXTRIN SoLUTION - How DoES
IT WoRK?

In the early 1990s, an alternative to glucose dialysis fluid
was introduced in PD, which contained glucose polymer

(ie, icodextrin [ICO]), as an osmotic agent [58]. ICO is a
starch-derived, water-soluble glucose polymer linked by al-
pha (1-4) and less than 10% alpha (1-6) glucosidic bonds
with an average molecular weight of 16800 Daltons, osmo-
lality of 282 mOsm/L, and pH of 5.3. ICO allows for trans-
capillary ultrafiltration by means of colloid osmosis. The di-
alysis fluid containing icodextrin (Extraneal) has been used
in long-term dialysis exchanges in patients on CAPD and in
long-term daily exchanges in patients on APD. Recently pub-
lished reports describe the use of this fluid in the treatment
of patients with refractory congestive heart failure (CHF)
with or without coexisting ESRD as well as in high (H) and
high-average (HA) transport diabetic patients [45,59,60].
Moreover, Anna Olszowska from our group showed that
dialysis solution containing icodextrin as an osmotic agent
is particularly efficient in transperitoneal water transport.
The study involved a 16-hours dwell with exchange of 7.5%
icodextrin solution in 11 clinically stable patients with aver-
age age of 50.4+18.3 years and average CAPD duration of
26.9+22.4 months. The study was performed using the he-
modynamic model of diffusive and convective peritoneal
transport with '*I-human serum albumin as a volume mark-
er. A significant increase in intraperitoneal volume of dialy-
sate at 16 hours of the exchange in comparison to the initial
values was observed in the whole group (p=0.002). This in-
crease was maintained until the end of the study, with min-
imal and maximal intraperitoneal volume of 2.372 ml and
3.621 ml, respectively. The total amount of removed sodi-
um was 105.13+50.30 mmoles. There were no adverse ef-
fects of long dwells with icodextrin in our study [52]. On
the basis of our results we proposed icodextrin solution for
long dwells in peritoneal ultrafiltration or peritoneal dialy-
sis in patients with CHF resistant to pharmacological treat-
ment. Additional rationale for this therapeutic option was
provided by the case report of a 37-year-old patient with ter-
minal CHF who had been considered ineligible for heart
transplantation and previously insufficiently treated with
hemodialysis [51].

Advantages of icodextrin long dwells are as follows:

¢ more physiological ultrafiltration;

¢ maintenance of euvolemia without additional dextrose
exchanges;

e lifestyle benefits and reduced risk of touch contamina-
tion (and hence of peritonitis) because of a single daily
exchange;

¢ possibly less peritoneal inflammation because of avoid-
ance of dextrose solutions.

Disadvantages of icodextrin long dwells are the following:

¢ Jack of studies comparing the effects of concentrated glu-
cose solutions and icodextrin in patients with CHF;

* no predictable loss of UF due to membrane failure in the
long-term observation.

INCREMENTAL PERITONEAL DIALYSIS IN CHF

Incremental PD first proposed by Mehrotra et al. constitutes
one of the variations of PD, in which the prescribed PD dose
depends on the level of residual renal function, starting with
at least 1 bag and increasing PD dose in proportion to the de-
clining urinary excretion of solutes and fluid [61]. Nakayama
et al. introduced the incremental PD method in 12 elderly
CKD patients (stages 3-5) with refractory HF (NYHA class
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1L, n=9; IV, n=3, mean age 81+6 years) and more than 3 hos-
pitalizations in the previous year. The patients were initially
treated with approximately 19 sessions of sequential hemo-
filtration, followed by incremental PD, with 3 PD sessions/
week (8 hours each) at the start, increasing in frequency and
dwelling time as clinically indicated. During follow-up (medi-
an, 26.5 months), PD was well tolerated by all patients, and
there was no need for HF-related hospitalization. Three pa-
tients died due to non-HF-related events. All patients showed
improvement in NYHA functional class (class I, n=9; class II,
n=3) and significant decrease in the dosages of diuretics pre-
scribed (p<0.05). Kidney function stabilized, while signifi-
cant improvements in end-diastolic left ventricular diame-
ter (=5%, p<0.05) and hemoglobin count (+15, p<0.05) were
achieved. Levels of BNP and aldosterone showed a signifi-
cant decrease (-46% and —13%, respectively). The authors
concluded that incremental PD should represent a new ther-
apeutic option for elderly patients with refractory HF [47].

PERITONEAL ULTRAFILTRATION IN CHF - CLINICAL
EXPERIENCE

Peritoneal UF (pUF) in patients with CHF was described
for the first time by Schneierson in a 1949 paper entitled
“Continuous peritoneal irrigation in the treatment of intractable
edema of cardiac origin”. From the 1960s through the 1980s
intermittent PD was used as a salvage therapy in severe heart
failure resistant to diuretics [18,49]. Since then, more than
300 patients with CHF (NYHA class III to IV) with or with-
out chronic kidney disease have been treated with different
forms of peritoneal dialysis, with pUF employed in not more
than 100 cases [43,51]. Variations in pUF range from 1 dai-
ly long-term exchange with hypertonic glucose or icodex-
trin solution, through intermittent or incremental PD pro-
cedure in patients with GFR above 15.0 mL/min/1.73 m?
to regular CAPD or APD program in patients with CHF and
GFR below 15.0 mL/min/1.73 m? [43-49,60].

In 2009, Archives of Internal Medicine published our compre-
hensive literature review supported by own clinical case re-
port in which we proposed PD as an alternative to HD, able
to provide continuous slow ultrafiltration and to improve
quality of life in diuretic-resistant CHF patients. This claim
was strongly encouraged by very promising results of pUF
obtained with 1 daily dwell with icodextrin solution as an
osmotic agent [51,52].

The 2010 report by Sanchez et al. assessed the efficacy of
PD treatment in 17 refractory CHF patients (64+9 years old)
observed for 15+9 months. Thirteen patients underwent
only 1 nocturnal icodextrin exchange (2 L), while others
were treated with different modifications of PD, depending
on the degree of renal failure. All patients improved their
NYHA functional status (65% by 2 classes; the rest, by 1;
p<0.001), with an important improvement in their pulmo-
nary artery systolic pressure-PASP (44+12 vs. 27+9 mmHg;
p=0.007), but with no changes in left ventricular ejection
fraction. Hospitalization rates underwent a significant re-
duction (from 62+16 to 115 days/patient/year; p=0.003)
before and after PD treatment. PD treatment raised life ex-
pectancy to 82% after 12 months of treatment, and 70%
and 56% after 18 and 24 months, respectively. The authors
also concluded that PD was cost-effective when compared
to the conservative therapy [19].

The dramatic decrease in PASP found by Sanchez et al.
could potentially be associated with a better clinical out-
come. The important prognostic value of an elevated PASP
was addressed in a prospective study of Cappola et al. in a
group of 1134 patients who underwent right heart cathe-
terization and endomyocardial biopsy, and were followed
for 4.4 years. In this study, elevated PASP was found to be
the most important hemodynamic predictor of death [62].
Decrease of PASP observed in patients with CHF treated
with pUF or different forms of PD may prove helpful in
qualifying CHF patients for a heart transplantation pro-
cedure [19].

CASE REPORT

The case of successful peritoneal ultrafiltration treatment in
a 60-year old patient diagnosed with diuretic-resistant con-
gestive heart failure fulfilling the criteria for type 2 cardio-
renal syndrome (CRS) is presented.

A 60-year-old patient admitted to our Institute in December
2010 had been diagnosed with advanced biventricular class
IV NYHA heart failure in the course of dilated cardiomyop-
athy, established atrial fibrillation, secondary pulmonary hy-
pertension, post-pulmonary embolism state, and type 2 dia-
betes treated with insulin. In September 2010, the patient
was provided with an implantable cardioverter-defibrillator
device (ICD) with the cardiac resynchronization function.

At admission, overhydration was estimated at 30 kg and dai-
ly diuresis did not exceed 500 ml, in spite of administration
of intravenous diuretics. Echocardiography detected cardio-
megaly, dilated pulmonary artery with decreased pulmo-
nary flow acceleration time (66 seconds), normal thickness
of the left ventricular wall, generalized disturbances in left
ventricular contractility reflected by the decrease in ejec-
tion fraction value (EF, 25%), as well as significant tricuspid
valve insufficiency and features of pulmonary hypertension
with RVSP of 55 mmHg. At that time, impedance cardiog-
raphy (ICG) was performed in order to properly assess the
patient’s hemodynamic status. Hemodynamic parameters
were as follows: low initial stroke index (SI) at 32 ml/m? ml,
high resting heart rate (HR) 91/min, low Heather index
(HI), the parameter characterizing cardiac inotropism: 4.5
Ohm/s?, high thoracic fluid content (TFC): 49.7 1/kOhm
and moderate systemic vascular resistance index (SVRI):
2052 dyns-cm-"m? (Figure 1A).

At that point, as the failure of all non-invasive treatment
options was becoming more and more evident, the patient
was enrolled in the peritoneal ultrafiltration program.
Two weeks after the implantation of a Tenckhoff catheter
into the peritoneal cavity, the patient began the ultrafiltra-
tion program. Due to the advanced degree of kidney dam-
age (3" stage of chronic kidney disease and eGFR 39 ml/
min/1.73 m?, according to the MDRD formula), he was
scheduled for 1 12-hour nighttime dialysis exchange with
2.0 1 of glucose polymer — icodextrin as an osmotic agent.
The mean ultrafiltration rate was 1000500 ml and diure-
sis was 1000 ml/24 hours.

Six months after the initiation of pUF protocol, a signifi-
cant improvement in the patient’s well-being and standard
laboratory test results were observed. His exercise tolerance
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Figure 1. Impedance cardiography at the beginning of the ultrafiltration treatment (A) and 6 months after the initiation of peritoneal ultrafiltration
protocol (B).

improved from NYHA class IV to class II/III. Physical ex-
amination revealed no ascites, a mild degree of pulmo-
nary hemostasis and slightly pronounced peripheral ede-
ma. A reduction in body weight occurred as compared to
the December 2010 value of 30 kg. Importantly, the treat-
ment was able to restore the patient’s sensitivity to oral di-
uretics. Administration of 320 mg of furosemide resulted
in a diuresis of 1400-2000 ml per 24 hours.

On echocardiography, increase in ejection fraction from
25% to 32% and decrease in the size of the left atrium from
5.4 to 4.7 cm were observed. RVSP decreased from 55 to
45 mmHg. The serum NT-proBNP level, which is related
to the state of overhydration, significantly decreased from
12,853 to 8411 after 6 months of ambulatory pUF (normal
values <194).

A follow-up impedance cardiography test was performed af-
ter 3 and 6 months and revealed an increase in SI (after 3
months: 33 ml/m? after 6 months: 37 ml/m?) and HI (after
3 months: 5.5 Ohm/s?, after 6 months: 11.4 Ohm/s?) with
concurrent significant progressive decrease in TFC (after
3 months: 35.7 1/kOhm, after 6 months: 30.7 1/kOhm).
The increase in SVRI after 3 months to 2182 dyns-cm-"m?
compelled us to add a low dosage of inhibitor of angioten-
sin converting enzyme as a precaution (ramipril, 1.25 mg)
that resulted in acceptable decrease of SVRI after 6 months:
1802 dyns-cm-m?). Figure 1B present the results of ICG
after 6 months of pUF.

Importantly, no technical or clinical complications, such as
dialysis-related peritonitis, occurred during the above de-
scribed treatment.

In conclusion, our case report underlines the diagnostic
value of impedance cardiography in CHF patients treat-
ed with pUF. In this method, in contrast to standard bio-
impedance, it is possible to estimate thoracic fluid content
as well as other hemodynamic parameters characterizing
cardiac systolic function and vascular resistance. Starting
with low SI(<35 ml/m?) and high TFC (>35 1/kOhm), af-
ter 6 months the patient improved in both parameters.
Referring to the study of Packer et al., such improvement
decreases the short-term risk of worsening heart failure by
almost 7-fold [63]. Importantly, pUF offered a chance for
a relatively normal quality of life by giving the patient the
option of home dialysis.

PERITONEAL VERSUS EXTRACORPOREAL ULTRAFILTRATION IN
CHF - CONCLUDING REMARKS

Both peritoneal and extracorporeal ultrafiltration methods

can prove beneficial in HF - extracorporeal iUF should be

considered as an option for patients with ADHF, while pUF

seems to be advantageous in patients with chronic CHF.

Potential drawbacks of pUF in ADHF as compared with ex-

tracorporeal UF include the possibility of early leaks and a

difficulty in predicting fluid removal in the long-term [18].

Peritoneal ultrafiltration should be considered in chronic

HF, particularly in elderly patients due to:

¢ better quality of life (home-based therapy);

¢ more effective control of hypervolemia achieved by slow,
daily ultrafiltration;

¢ improvement of circulatory parameters, especially PASP
- important in the management of CHF patients quali-
fied for heart transplantation;

¢ possibly more efficient removal of cytokines and myocar-
dial depressant factors involved in the pathogenesis of car-
diorenal syndrome in CHF patients, in comparison with
extracorporeal iUF with dedicated UF devices;

* no need for central venous access and therefore no prob-
lems associated with anticoagulation;

¢ Jower hospitalization rates for HF in PD than for HD pa-
tients still needs further confirmation.

In spite of all the above-mentioned advantages, several un-
resolved issues remain regarding the use of peritoneal ultra-
filtration in HF patients; these need to be addressed in the
near future. They include preservation of peritoneum as an
ultrafiltration membrane, the question of the possible ad-
vantage of long-dwell icodextrin solutions over standard glu-
cose solutions, as well as reduction in hospitalization rates.

Large, properly randomized and controlled clinical trials
with long-term follow-up will be essential in assessing the
logistics and cost-effectiveness of both methods. Most im-
portantly, however, such trials will be able to evaluate the
impact of both methods on preservation of renal function
and delaying the progression of heart failure by interrupt-
ing the vicious circle of cardiorenal syndrome.
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