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Abstract: Most patients presenting with acute heart failure (AHF) show signs and symptoms
of fluid overload, which are closely associated with short-term and long-term outcomes. Ultra-
filtration is an extremely appealing strategy for patients with AHF and concomitant overt fluid
overload not fully responsive to diuretic therapy. However, although there are several theoretical
beneficial effects associated with ultrafiltration, published reports have shown controversial
findings. Differences in selection of the study population and in ultrafiltration indications and
protocols, and high variability in the pharmacologic therapy used for the control group could
explain some of these conflicting results. Here, we aimed to provide an overview on the cur-
rent medical evidence supporting the use of ultrafiltration in AHF, with a special focus on the
identification of potential candidates who may benefit the most from this therapeutic option.
Keywords: ultrafiltration, acute heart failure, fluid overload, diuretics

Introduction

Acute heart failure (AHF) is a major public health problem and the leading cause of
hospitalization among patients aged >65 years, with the number of admissions expected
to increase in the future.'? Moreover, it is associated with a poor prognosis, with more
than 20% of patients being readmitted with AHF and more than 20% dying during
the first year after admission.>* Volume overload is considered a hallmark of AHF,
and almost all patients hospitalized with this disease show signs of fluid overload and
organ congestion. Notably, both incomplete decongestion and recurrent congestion
are closely associated with short-term and long-term outcomes, independently of age
and of renal function. Thus, proper management of fluid overload in AHF represents
a critical therapeutic target and an opportunity to improve overall outcome.

The key hemodynamic mechanisms involved in the development of fluid overload
in AHF patients consist of the rise in central venous pressure, and the decrease in car-
diac output and effective circulating volume associated with systolic and/or diastolic
ventricular dysfunction.™® These hemodynamic changes negatively impact on renal
function, by decreasing glomerular filtration rate (GFR), which elicits the compensa-
tory activation of the renin-angiotensin-aldosterone system (RAAS).>!° The latter, in
turn, determines sodium reabsorption at proximal tubule level, reducing its delivery
distally, where loop diuretics typically act (Figure 1).!" As a result, further water and
salt retention occurs despite increase in diuretic dosage, perpetuating the vicious circle
of cardio-renal dysfunction.
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Figure | Schematic representation of the cascade of events leading to impaired urinary sodium excretion in AHF.
Abbreviations: AHF, acute heart failure; GFR, glomerular filtration rate; RAAS, renin-angiotensin-aldosterone system.

The first pharmacological option recommended by cur-
rent cardiologic guidelines for AHF with overt fluid over-
load is optimization of diuretic therapy to increase water
and sodium elimination.'>!* Although intensive intravenous
treatment with loop diuretics may initially enhance fluid
loss and reduce left ventricular pressure, their use is associ-
ated with neuro-hormonal activation, intra-vascular volume
depletion, and renal function worsening. Moreover, their
efficacy decreases over time, a condition defined as “break-
ing phenomenon”, with no further body weight loss or, even,
achievement of a positive fluid balance despite diuretic
administration.'*'> Accordingly, in AHF patients with poor
diuretic response, rather than further increasing the diuretic
dose, a more physiological approach could be used to cor-
rect the initial hemodynamic abnormalities. Extracorporeal
ultrafiltration is a mechanical strategy for fluid removal that
has been proposed for this purpose, and, although the under-
lying robust rationale, significant debate still remains about
the best clinical indications and therapeutic protocols.'®!8

The objective of the present review is to provide an
overview of the mechanisms and the clinical effects of
ultrafiltration and update the current evidence supporting
its use in AHF, with a special focus on the identification of

potential candidates who may benefit the most from such a
therapeutic strategy.

Technical aspects of ultrafiltration

Ultrafiltration resembles glomerular filtration, a specific
function of the kidney, and it represents the basic form of
renal replacement therapy utilized for net fluid removal with
minimal solute clearance and depurative effect. A Y-shaped
double-lumen catheter, a peristaltic pump, and a filter inserted
in a veno-venous extracorporeal circuit are used. The pump
determines a negative pressure, thus allowing blood circula-
tion in the circuit from a vein to the filter, and then back to
the patient (Figure 2). The filter is made of highly permeable
membranes that allow separation of water and low-molecular-
weight (<50,000 daltons) solutes from blood. The pressure
difference across the membrane is generated by the Starling
forces (difference between hydrostatic pressure in the blood
and that in the ultrafiltrate compartment, opposed to the
oncotic pressure generated by plasma proteins), with the
resulting transmembrane pressure gradient driving plasma
water through the filter exactly as Starling forces operate in
a capillary bed. During ultrafiltration, water and some solutes
are passively removed by convective transport. The generated
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Figure 2 Principle of ultrafiltration using a veno-venous extracorporeal circuit. Reproduced with permission Springer Am | Cardiovasc Drugs. Continuous ultrafiltration in
acute decompensated heart failure: Current issues and future directions. 2015;15(2):103—112. Marenzi G, Morpurgo M, Agostoni P.'7 © Springer International Publishing

Switzerland 2015 with the permission of Springer.
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Figure 3 Schematic exemplification of fluid volume shift between the extra-vascular and intra-vascular compartments during ultrafiltration.

ultrafiltrate has the same composition of plasma water (blood
without proteins and blood corpuscolate elements), and is
essentially isosmotic with blood. Therefore, the blood oncotic
pressure increases, eliciting intra-vascular refilling from the
interstitial compartment, with a parallel and real-time shift
of fluid from the extra-vascular to the intra-vascular com-
partment (Figure 3). Circulating volume is safeguarded and
systemic arterial hypotension prevented when fluid refilling
replaces the removed intra-vascular fluid.!* When significant
blood volume reduction occurs, ultrafiltration rate should be
reduced or halted until a complete refilling from the intersti-
tial compartment has taken place. Notably, in patients with
ultrafiltration, non-invasive monitoring of intra-vascular
volume can be easily performed through serial assessment,
or continuous monitoring of hematocrit value, that should
remain unchanged during treatment.'**

Another important technical issue regards the coagulation
ofthe extracorporeal circuit that may occur during ultrafiltra-
tion, particularly at the membrane level and at the venous
bubble trap chamber. Therefore, strategies to prevent clot
formation in the circuit are essential, and heparin administra-
tion is usually required.'®

Clinical effects of ultrafiltration

The peculiar characteristics of ultrafiltration consist of elimi-
nating excessive fluid from the extra-vascular space, without
altering circulating volume and, consequently, without induc-
ing neuro-hormonal activation and renal dysfunction. These
properties lead to the beneficial clinical and hemodynamic
effects related to ultrafiltration (Table 1).!°2?2 The reduction
of extra-vascular lung water is associated with improvement
in dyspnea, pulmonary gas exchanges, radiological signs of
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Table | Effects in hemodynamic, plasma, and urine parameters
induced by ultrafiltration

Variable Effect

Heart rate (beats/min)

Mean systemic arterial pressure (mmHg)
Mean pulmonary arterial pressure (mmHg)

Mean pulmonary wedge pressure (mmHg)

el

Mean right atrial pressure (mmHg)
Cardiac index (L/min/m?)

Renal perfusion pressure (mmHg)
Plasma norepinephrine (pg/mL)
Plasma renin activity (ng/mL/h)

R =

Plasma aldosterone (pg/mL)

Plasma sodium concentration (mEg/L)
Diuresis (mL/24 h)

Urinary sodium concentration (mEq/L)

— — |

Note: T. increase; J,, decrease; =, unchanged.

pulmonary vascular congestion, and alveolar and interstitial
edema.?®*? Moreover, the reduction of the intra-thoracic
pressure due to extra-vascular lung water reabsorption has a
beneficial effect on cardiac dynamics, improving its diastolic
burden.?*2® On the other hand, removal of systemic extra-
vascular fluid is associated with resolution of peripheral
edema, also including ascites, pleural and pericardial effu-
sions, when evident.

In addition to fluid removal and hemodynamic improve-
ment, another major effect of ultrafiltration, particularly
useful in patients with AHF, is the restoration of diuretic
responsiveness.’***3° The mechanism by which ultrafiltra-
tion reestablishes an adequate urine output is still not com-
pletely understood, but it is possibly based on the following
sequence of events: recovery of an effective arterial-venous
pressure gradient across the kidney (due to reduction in
central venous pressure without a parallel decrease in mean
systemic arterial pressure), increased GFR, blunting of RAAS
activity, and, as a result, increased sodium delivery to more
distal nephron sites. This cascade of effects may explain the
restoration of a favorable renal response to diuretic therapy
and the maintained beneficial effects, in the following days
and months after a single session of ultrafiltration, with a
lower dosage of diuretics. Thus, ultrafiltration and diuretics
are complementary therapeutic options, rather than alterna-
tive strategies. This is a critical point that may explain, at
least in part, conflicting results among trials.*' ¥ The abrupt
withdrawal of diuretics in AHF patients, who have been
using them chronically, determines sodium retention and may
limit the ultrafiltration’s ability to remove a larger amount
of sodium for a given volume of water, when compared to
diuretics. Accordingly, in Chung et al.’s* study, a lower urine

sodium concentration was found in patients undergoing
ultrafiltration, who were not treated with loop diuretics after
randomization, compared to diuretic therapy. On the other
hand, continuing diuretics during ultrafiltration seems to elicit
urinary sodium excretion, restoring diuretic responsiveness.>
However, the majority of studies and meta-analyses, thus far
performed, still opposed ultrafiltration compared to diuretics,
highlighting that their complementary effect is not a shared
view.*#2It can be expected that an improved outcome could
be reported when the two strategies are used in association.
This concept is exemplified in Figure 4, where the response
to ultrafiltration and diuretics, regarding cumulative sodium
excretion, either alone or in combination, is shown.

Some studies, like the Cardiorenal Rescue Study in
Acute Decompensated Heart Failure (CARRESS-HF)?%*
and the Aquapheresis versus Intravenous Diuretics and
Hospitalization for Heart Failure (AVOID-HF) trials,*
have observed a higher frequency of adverse events in
patients treated with ultrafiltration, raising some concerns
regarding its safety. However, despite the fact that the need
for a central venous catheter and anticoagulation may be
associated with an increased risk of catheter infections and
local bleeding, most of the side effects reported in these
studies were due to unskilled use of extracorporeal therapy
(i.e., worsening renal function due to excessive or too rapid
fluid removal) or to clinical complications unrelated to
the treatment (pneumonia, gastrointestinal hemorrhage,
sepsis) but possibly associated with the underlying critical
condition. Notably, the requirement for a central venous
catheter and admission to the intensive care unit might be
overcome by simplified device systems employing single
peripheral venous access allowing a lower level of patient
monitoring.*

Selection of patients for

ultrafiltration

The non-homogeneous results of studies on the effects of
ultrafiltration in the setting of AHF underscore that patient
selection remains to be fully clarified.*'** Current guidelines
recommend ultrafiltration only when fluid overload persists
despite the use of high-dose intravenous loop diuretics or
the combination of different diuretic agents.'*'* However,
the degree of resistance to medical therapy that should be
achieved for implementing ultrafiltration, and the clinical,
hemodynamic, and/or laboratory parameters that should be
considered to identify this condition, are still unresolved
questions. Of note, most of the studies on ultrafiltration
in AHF patients have relied, as inclusion criteria and fluid
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Figure 4 Sodium removal in acute heart failure patients treated with diuretics only, with ultrafiltration but without diuretics, and with the combination of ultrafiltration and

diuretics.

removal targets, on clinical signs and symptoms of con-
gestion; however, it is known that the correlation between
clinical assessment and objective measures of congestion
is marginal.* Moreover, published studies differ in study
population selection (in terms of baseline clinical character-
istics, hemodynamic profile, and severity of renal functional
impairment) and they are characterized by disparity of the
indications for the use of ultrafiltration, heterogeneity in the
ultrafiltration protocols, and high variability in the pharma-
cologic strategies used in the control group (Table 2).3'%% As
aresult, study findings significantly diverge from each other,
so that no firm conclusion can be currently drawn on the
selection of the most appropriate candidate for ultrafiltration.
Yet, some assumptions can be inferred from these reports and
they may help the physicians to better identify AHF patients
who may derive the greatest benefit from ultrafiltration. Most
of the negative studies included patients with ongoing hemo-
dynamic instability and/or acute kidney injury, and applied
too aggressive or non-customized de-hydration protocols. For
example, in the CARRESS-HF trial,* patients with AHF were
treated with ultrafiltration after development of acute kidney
injury and the ultrafiltration rate was uniformly delivered at
200 mL/h without being tailored to patients’ clinical status.
The fixed ultrafiltration rate and the lack of a prudential vol-
ume target might have led to an overly aggressive protocol in
patients treated with ultrafiltration. Of note, in this trial, the
first 48 h weight loss tended to be faster in the ultrafiltration
group, potentially contributing to their renal function decline.
Similarly, in the study by Patarroyo et al.,* ultrafiltration was

initiated in patients who had possibly already developed acute
kidney injury and had impending, or overt, cardiogenic shock
(average cardiac index 1.8 [range 1.48 to 2.25] L/min/m?).
Moreover, these patients underwent an excessive, or exces-
sively fast (when compared with patients’ plasma refilling
rate capacity), fluid removal, with consequent hypovolemia
(as reflected by total protein concentration increase during
ultrafiltration) and further renal injury. Thus, in AHF patients
experiencing acute kidney injury and/or hemodynamic
instability, a more prudential, even if partial, fluid removal
protocol should be adopted. Indeed, in these patients a slow
dehydration approach will prevent hypovolemia and hypoten-
sion, preserving hemodynamic status and renal perfusion.
Notably, a higher ultrafiltration rate was shown in patients
experiencing acute kidney injury as compared with those
not having acute kidney injury.*® This suggests that creati-
nine rise observed in patients treated with ultrafiltration can
be considered an iatrogenic complication associated with a
too aggressive fluid removal protocol. As worsening renal
function is a strong predictor of clinical outcome in AHFE,¥
possibly mediated by neuro-hormonal activation,* it should
be carefully avoided by all means during ultrafiltration.
Based on these considerations, acute kidney injury should
not be considered a study endpoint of efficacy, like in the
CARRESS-HF trial;* rather, it may be regarded as a marker
of a not well-performed ultrafiltration treatment.

In other studies in which prompt adjustment of
ultrafiltration rates in response to changes in clinical
parameters was made, like in AVOID-HF trial or with
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Table 2 Overview of randomized ultrafiltration clinical trials

Study (year) Sample Ultrafiltration Diuretics Duration/ Main findings Impact on renal function
size start prior to  allowed rate of
rise in sCr during UF treatment
adjustable
RAPID-CHF2  N=40 Yes No Yes o greater fluid removal with UF but e no significant difference in
(2005) weight loss was similar in both renal function between UF
groups and diuretic groups
UNLOAD?* N=200 Yes No Yes o greater net fluid loss with UF — e percentage of patients
(2007) fewer patients in the UF group with >0.3 mg/dL rise in
were rehospitalized at 90 days with sCr higher in UF group at
no significant difference in renal 24 h, 48 h, and at discharge
function between UF and diuretic (statistically not significant)
groups
ULTRADISCO®"  N=30 Yes No Yes  weight loss significantly greater in * no significant difference
(2011) the UF group was observed in sCr levels
e UF resulted in reduction in between baseline and
serum aldosterone levels and post-therapy and between
systemic vascular resistance, and diuretic and UF groups
improvement in cardiac index
CARRESS-HF**  N=188  No No No o weight loss was similar with UF and e sCr level increased
(2012) diuretic therapy significantly after UF, no
e patients in UF group had higher rate change in sCr level with
of adverse events medical therapy
Hanna et al*® N=36 No No Yes o fluid removal was faster and more ¢ no significant difference in
(2012) efficient in the UF group with sCr and cystatin-C levels
shorter hospital length of stay before and after therapy
e no difference in hospital re- between the two groups
admissions and emergency
department visits between the two
groups
Chung et al** N=16 No No Yes ¢ no differences in total volumes, e the mean change in sCr
(2014) sodium removed, lengths of hospital between admission and
stay, and short-term readmissions discharge did not differ
between the two groups between the two groups
CUORE¥ N=56 Yes Yes Yes o despite similar body weight ¢ no significant difference in
(2014) reduction in the two groups, a lower  sCr levels before and after
incidence of rehospitalizations for therapy between the two
HF was observed in the UF-treated groups
patients at |-year follow-up
AVOID-HF* N=224  Yes No Yes e no significant difference between e no difference between the
(2016) the two groups in length of hospital two groups in terms of sCr

stay and in 90-day mortality but and estimated glomerular
filtration rate during
treatment and up to 90

days

significantly lower rehospitalization
for acute HF at 90 days in the UF

group

Abbreviations: sCr, serum creatinine; HF, heart failure; UF, ultrafiltration.

hemodynamically-guided therapy,*® the risk of worsening
renal function induced by hypovolemia was reduced. Accord-
ingly, in the Continuous Ultrafiltration for Congestive Heart
Failure (CUORE) trial,*” in which hematocrit was continu-
ously monitored to guide ultrafiltration rate adjustments, and
complete de-hydration was carefully avoided, ultrafiltration
was associated with a more stable renal function, and with
a lower incidence of rehospitalizations for AHF during the

1-year follow-up. Therefore, patients with AHF character-
ized by severe fluid overload, hemodynamic stability, and no
evident response to optimized intravenous diuretic therapy,
in terms of negative fluid balance, should be considered eli-
gible for ultrafiltration. We believe that this indication can be
particularly relevant in patients without concomitant severe
renal insufficiency and with low urinary sodium concentra-
tion, despite diuretic dosage adequate to their GFR. In those
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with severe renal failure, other renal replacement therapy
modalities, such as hemofiltration or hemodiafiltration,
should be used with the goal of also removing solutes and
re-equilibrating the acid-base status of the patient.

To date, no study has specifically investigated whether the
response to ultrafiltration is similar in patients with different
AHF etiologies (ischemic vs. non-ischemic) and/or clinical
presentation (de novo AHF vs. re-exacerbation of chronic
heart failure). However, ultrafiltration should not be employed
indiscriminately in all AHF patients. Indeed, in those with de
novo AHF, or not receiving daily diuretic therapy, fluid loss
can be achieved with intravenous diuretics; therefore, these
drugs should be used instead of ultrafiltration.'® In addition,
to our knowledge, one study only compared the effects of
ultrafiltration in AHF patients with systolic dysfunction and
with preserved ejection fraction.*® Therapeutic responses in
the two groups were similar, in terms of total weight loss,
effect on electrolyte and renal parameters, and in-hospital
mortality. This suggests that, regardless of the underlying
etiology of AHF, ultrafiltration has reproducible effects by
acting on the common final hemodynamic consequences of
severe fluid overload.

Future perspectives

It is evident from the current medical literature that ultrafil-
tration should be reserved for the right candidate. Therefore,
future research in this field should assess in which patients
ultrafiltration may rapidly restore a complete diuretic
response. In particular, it is plausible that ultrafiltration may
be especially effective in patients whose urinary sodium con-
centration is low despite appropriate dose of loop diuretics.
This hypothesis should be tested in well-designed studies,
taking into account not only the absolute urinary sodium
concentration but also its value indexed to the diuretic
dose. In addition, they should examine whether a threshold
of urinary sodium excretion can be identified, below which
recovery of diuretic responsiveness and sustained clinical
benefit can be anticipated with ultrafiltration. Information on
ClinicalTrials.gov show that randomized trials and registries
on ultrafiltration in AHF patients are ongoing or have just
been completed. Therefore, their results may identify the
clinical characteristics of patients who may greatly ben-
efit from ultrafiltration, the most appropriate therapeutic
protocol, in terms of safety and efficacy, and the impact
of this treatment on hard clinical endpoints. Moreover, as
previously mentioned, future studies should evaluate the
potential advantages associated with the combined use of
ultrafiltration and diuretics.

Conclusion

In patients with AHF and reduced diuretic responsiveness,
ultrafiltration may modify the traditional pharmacological
strategy and newer techniques and devices will facilitate this
trend. Considering the aforementioned points, as well as the
shortcomings of the trials on ultrafiltration, many questions
remain unanswered about its use in AHF, including selection
of the best candidates for the therapy, optimal fluid removal
rates, and safety. Based on the current evidence, clinicians
may consider ultrafiltration in their armamentarium against
fluid overload and judiciously use it after careful evalua-
tion of patients who fit within the narrow spectrum of true
refractoriness to diuretics.
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The authors report no conflicts of interest in this work.
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