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Hospitalization for congestive heart failure represents a growing bur-
den for health care systems. Heart failure is characterized by ex-
tracellular fluid overload and loop diuretics have been for decades
the cornerstone of therapy in these patients. However, exten-
sive use of intra-venous diuretics is characterised by several limita-
tions: risk of worsening renal function and electrolyte imbalance,
symptomatic hypotension and development of diuretic resistance.
Extracorporealveno-venous ultrafiltration (UF) represents an inter-
esting adjunctive therapy to target congestion in patients with heart
failure and fluid overload. UF consists of the mechanical removal
of iso-tonic plasma water from the blood through a semiperme-
able membrane using a pressure gradient generated by a pump.
Fluid removal through UF presents several advantages such as re-
moval of higher amount of sodium, predictable effect, limited neuro-
hormonal activation, and enhanced spontaneous diuresis and di-
uretic response. After twenty years of ''early'' studies, since 2000
some pilot studies and randomized clinical trials with modern de-
vices have been carried out with somehow conflicting results, as dis-
cussed in this review. In addition, some practical aspects of UF are
addressed.
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1. Background
Despite recent advances in pharmacological treatment of

heart failure, hospitalization for acutely decompensated heart
failure remains a challenge for healthcare systems represent-
ing a significant resource and financial burden [1]. Registry
data show that the majority of patients admitted for fluid
overload already receive diuretic therapy. The rate of early
re-admission remains high [2] and is associated with an ad-
verse prognosis in this patient group [3]. Therefore, the need
for adjunctive treatment strategies to standard diuretic ther-
apy in patients presenting with fluid overload in the context

of decompensated heart failure is critical. The present review
discusses the role of extracorporeal veno-venous ultrafiltra-
tion (UF) in the management of fluid overload in patients
presenting with decompensated heart failure.

2. Fluid overload in heart failure
Fluid retention with subsequent congestion may be the

principal findings in patients with heart failure [4], mediated
by a plethora of mechanisms but principally an impaired na-
triuretic and renal endocrine response to acute volume ex-
pansion, even in asymptomatic patients [5] with potentially
detrimental effects. More specifically, an increase in central
venous pressure and, consequently, renal venous pressure has
a profound negative impact on both renal function and prog-
nosis [6–9] while is also associated with hepatic dysfunction,
intestinal ischaemia and endothelial damage [10, 11]. It has
been demonstrated that worsening of renal function or Type
1 cardiorenal syndrome occurs in 25–45% of patients hospi-
talized for decompensated heart failure. In this context, ve-
nous congestion of the kidneys rather than arterial underfill-
ing is associated with decreased renal blood flow and an in-
crease in creatinine [12]. Hence, reducing congestion should
be a major therapeutic target in patients with heart failure
and fluid overload. Nevertheless, aggressive fluid removal
can itself cause an increase in creatinine levels, the origin (i.e.,
decrease in glomerular filtration rate [GFR] or acute tubular
damage) and the prognostic impact of which are still to be
clarified [13].

3. Diuretic resistance in heart failure
Loop diuretics have been for decades the cornerstone of

therapy in patients with congestive heart failure [14, 15].
However, extensive use of intra-venous (i.v.) diuretics in the
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context of acute heart failure can be limited by several issues
such as an increased risk of renal injury, electrolyte imbalance
and symptomatic hypotension [16–19].

The use of high diuretic doses in the context of treatment
resistance, can affect a significant number of patients in the
advanced stages of the disease and is associated with a worse
prognosis [20–23]; severalmechanismsmay be involved such
as reduced drug absorption and decreased glomerular blood
flow [24]. Different definitions have been proposed to de-
scribe diuretic resistance with the most commonly used be-
ing the presence of persistent congestion despite an adequate
daily dose of furosemide (≥80 mg/day) [21]. Sub-optimal
response to diuretics may affect up to nearly 70% patients
with heart failure [25] and has been associated with both in-
creased hospitalization rate [26] and mortality [18]. Inter-
estingly, data from the ADHERE registry report that around
50% of patients hospitalized for heart failure were discharged
with fluid excess after treatment with diuretics [27], suggest-
ing that an alternative therapeutical approach tomanage fluid
overload may be needed in these patients.

4. Principles and favorable effects of
ultrafiltration

Ultrafiltration refers to the mechanical, adjustable re-
moval of iso-tonic plasma water from the blood through
a semipermeable membrane (haemofilter) mediated by the
application of hydrostatic pressure gradient generated by
a pump [28]. The fluid removed from the intra-vascular
compartment is constantly replaced by fluid from the third
space configurating the so called “intra-vascular refill” phe-
nomenon, thus allowing gradual fluid overload resolution.
Several devices have been developed over the years for this
aim, the newer of which are characterized by small size, low
blood flow rates and low extracorporeal blood volume re-
quirement (<50 mL) [26, 28]. These devices allow a modifi-
able UF rate (up to 500 mL/h) and do not necessarily require
admission to intensive care setting or central venous catheter
placement [26, 28]. Fig. 1 shows the components and mech-
anism of functioning of one of these devices.

Ultrafiltration is a demanding process that requires the
use of a dedicated machine connected to a dedicated vas-
cular access with all associated challenges and complica-
tions, the presence of trained personnel and anti-coagulation.
Nonetheless, fluid removal by UF shows some clear advan-
tages compared with fluid removal achieved by diuretics (Ta-
ble 1). First, UF produces ultrafiltrate through convection al-
lowing the removal of a significantly larger amount of sodium
(ultrafiltrate is almost iso-tonic with plasma) compared with
hypotonic urine produced by diuretics [29, 30]. Hence, for
any amount of fluid removed a greater amount of sodium
is excreted with UF than with diuretics [31]. Furthermore,
UF allows a controlled rate of fluid removal set by the clin-
ician, whereas fluid removal is unpredictable and relies on
many variables when diuretics are used. This aspect is of
utmost importance in patients with labile hemodynamic sta-

bility, in whom an exaggerated fluid removal could be dele-
terious. The use of loop diuretics is associated with neuro-
hormonal activation mainly due to renin secretion in re-
sponse to sodium reabsorption inhibition, causing both the
stimulation of sympathetic nervous system and a decrease in
renal blood flow and glomerular filtration rate (thus promot-
ing a vicious circle leading to diuretic resistance) [6]. Con-
versely, UF does not cause neuro-hormonal activation, un-
less fluid removal is too fast and exceeds plasma refilling
rate [32, 33]. Moreover, it has been demonstrated that the
mechanical elimination of fluid overload allows reduction
of ventricular filling pressures and promotes cardiac perfor-
mance [34]. Interestingly, those favorable effects were not
reproduced removing the same amount of fluid by i.v. di-
uretic infusion, possibly due to the fact that patients treated
with UF had lower hormone levels (renin activity, nore-
pinephrine, and aldosterone) with a therefore, smaller im-
pact on circulation and ventilation [35, 36]. In addition, it
has been suggested that lung decongestion may restore the
lung’s ability to clear norepinephrine, thus limiting renin
release [36]. Lastly, fluid removal through UF in patients
with fluid overload despite therapy with diuretics allows en-
hanced spontaneous diuresis and restores diuretic response
[37]. This “reversal braking phenomenon” has not been com-
pletely understood yet andmay be due to a period of “diuretic
holiday” and reduced neuro-hormonal activation occurring
during UF therapy [37] combined with the positive effect of
progressive renal venous decongestion.

Beneficial effects of UF in heart failure with fluid overload
are showed in Fig. 2.

5. Evidence in literature
Earlier studies conducted between 1980–2000 demon-

strated the favorable effects of UF in patients with diuretic
resistance and/or end-stage congestive heart failure [38–41].
More recently, over the last two decades, some pilot studies
and randomized clinical trials (RCTs) utilizing more modern
devices have yielded conflicting results.

Some studies demonstrated a clinical benefit associated
with the use of different strategies and protocols of UF in
patients with acute heart failure, with favorable effects ex-
tending beyond the index hospitalization [37, 42]. However,
concerns were raised regarding the use of aggressive fluid re-
moval protocols and it was highlighted that there is little ben-
efit in the use of UF in patients with end-stage heart failure
[31, 36, 42]. Marenzi et al. [32] demonstrated that during
the initial phases of UF the intravascular volume (estimated
using a formula based on hematocrit) does not decrease, sug-
gesting that all the removed fluid is replaced by fluid from the
interstitial space according to the “intra-vascular refill” phe-
nomenon. Thereafter, the intravascular volume gradually
decreases, suggesting that that the process of intra-vascular
refill progressively weans off and, thus, UF rate should be
managed accordingly to avoid excessive fluid removal.
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Fig. 1. Functioning of modern ultrafiltration device. The blood pump generates a negative pressure, allowing the suction of blood from a vein through
the Intake line of the catheter (red). Blood then passes through the intake line pressure sensor and reaches the blood pump. Afterwards blood is pushed
through the air detector and enters the haemofilter. A pre-defined amount of ultrafiltrate is produced and passes through the haemofilter’s pressure sensor,
the pump, and finally reaches the collecting bag attached to the weight scale. The remaining blood exits from the haemofilter, passes through the return line
pressure sensor, the return line air detector and finally returns to the patient through the return line of the catheter (blue).

Fig. 2. Beneficial effects of ultrafiltration in heart failure with fluid overload. UF removes isotonic fluid, allowing to interrupt the vitious circle
between heart failure and fluid overload. Consequently, venous congestion and renal venous pressure are reduced decreasing renal damage with further
advantages on fluid overload resolution. Furthermore, UF allows to temporarily stop diuretic administration (“diuretic holiday”), decreasing neurohormonal
activation and contributing to restore diuretic responsiveness in diuretic resistant patients.

Several RCTs, based on the evidence provided by the
aforementioned studies, have been conducted (Table 2, Ref.
[36, 43–48]). The RAPID-CHF (Relief for Acutely Fluid-
Overloaded Patients with Decompensated Congestive Heart
Failure) [43] trial randomized 40 patients admitted with con-
gestive heart failure to receive standard care or early UF via
a less invasive UF device (System 100, CHF Solutions Inc.,

Brooklyn Park, Minnesota) used outside ICU and via periph-
eral venous access, on top of standard care. A single 8-hour
session of UF was administered to the UF arm. UF resulted
in significantly larger fluid loss within the first 24 h compared
to standard care (4650 mL vs. 2938 mL, p = 0.001) and faster
resolution of symptoms. Weight loss at 24 h was larger in the
UF group at 2.5 kg as opposed to 1.86 kg in patients who did

Volume 22, Number 4, 2021 1313



Table 1. Advantages and disadvantages of fluid removal with diuretics and ultrafiltration.
Fluid removal with diuretics Fluid removal with ultrafiltration

Advantages

No need for anticoagulation No neurohormonal activation
No need for specific training Production of isotonic ultrafiltrate
No need for a dedicated access Elimination of predictable and adjustable amount of water
Not expensive Restoration of diuretic responsiveness

No effect on potassium and magnesium concentration

Disadvantages

Neurohormonal activation Need for anticoagulation with increased risk of bleeding
Induction of hypotonic urine Need for trained personnel
Elimination unpredictable amount of water Need for a dedicated access
Risk of diuretic resistance Expensive
Risk of electrolytes imbalance

not receiveUF (p = 0.24). Overall, the trial demonstrated that
early application ofUF in patientswith acute heart failurewas
tolerated well, and might have added benefits to standard of
care, but the assessment of the effect was limited due to the
small population size.

The UNLOAD (Ultrafiltration versus Intravenous Di-
uretics for Patients Hospitalized for Acute Decompensated
Congestive Heart Failure) [44] trial assigned patients admit-
ted with fluid overload due to heart failure to early UF ver-
sus standard diuretic therapy. Ultrafiltration was performed
via a Simple Access Fluid Extraction (SAFE) UFC 100 Con-
sole, a dual rotary occlusive pump device attached to periph-
eral venous access. The length and rate of UF was left to
the discretion of the treating physician (fluid was removed
at an average rate of 241 mL/h for 12.3 ± 12 hours) and no
diuretics were given in the UF arm in the first 48 hours of
treatment. Patients in the UF arm showed greater weight
loss (5.0 ± 3.1 kg vs. 3.1 ± 3.5 kg; p < 0.001) and net fluid
loss (4.6 L vs. 3.3 L; p < 0.001), while the grade of dysp-
noea (evaluated through Likert Scale) was similar as was the
length of index hospitalization compared to patients on stan-
dard treatment. No safety concerns were observed in asso-
ciation with UF, in terms of electrolyte imbalance, worsen-
ing of renal function, hypotension or incidence of bleeding.
Notably, re-hospitalization rate at 90-days (which was a pre-
specified secondary end point of the study) was significantly
reduced in the UF arm (16/89 [18%] vs. 28/87 [32%]; p =
0.037) suggesting that one of the major benefits of UF over
diuretics could be the persistence of euvolemia even after dis-
charge.

The ULTRADISCO (ULTRAfiltration vs. DIureticS on
clinical, biohumoral and haemodynamic variables in patients
with deCOmpensated heart failure) [36] randomised 30 pa-
tients with overload due to decompensated heart failure to
UF or i.v. diuretics to compare the clinical, bio-humoral,
and hemodynamic effects of the two treatments. Ultrafiltra-
tion was performed through PRISMATM System (HOSPAL-
GAMBRODASCO,Medolla, Italy) and central venous access
(femoral vein). Patients on UF showed a more pronounced
reduction in body weight and symptoms as well as in plasma

aldosterone and N-terminal pro-B-type natriuretic peptide
levels. Interestingly, the UF group showed a significant im-
provement in hemodynamic status as assessed by stroke vol-
ume index (114.0 + 11.7%; p = 0.001), cardiac index (123.0
+ 20.8%; p = 0.001), cardiac power output (114.0 + 13.8%; p
= 0.001) and a significant reduction i systemic vascular resis-
tance after 36 h of treatment (88.0 + 10.9%; p = 0.001).

TheCARESS-HF (Cardiorenal Rescue Study inAcuteDe-
compensated Heart Failure) [45, 46] aimed to assess the role
of UF in management of acute heart failure with cardiore-
nal syndrome. Patients with acute decompensated heart fail-
ure, impaired renal function and persistent congestion were
randomized to receive UF with the use of the Aquadex Sys-
tem 100 (CHF Solutions, Eden Prairie, MN, USA) at a fixed
rate of 200 mL/h or pharmacological therapy. The primary
endpoint was the change in serum creatinine (intended as a
marker of acute tubular injury) and body weight from base-
line at 96 hours after randomization. The trial did not show
significant difference inweight loss between the intervention
and the control group (loss of 5.7± 3.9 kg [12.6± 8.5 lb] vs.
5.5 ± 5.1 kg [12.1 ±11.3 lb] respectively; p = 0.58), whereas
creatinine increase at 96 h was significantly higher in pa-
tients treated with UF (+0.23± 0.70 mg/dL vs. –0.04± 0.53
mg/dL; p = 0.003). Moreover, a significantly greater number
of patients in the UF arm presented serious adverse events
such as kidney failure, bleeding and central venous catheter-
related complications over the 60-day period of follow-up
(72% vs. 57%, p = 0.03). These findings resulted in early dis-
continuation of randomization (total n = 188 as opposed to
intended 200). Several methodological concerns have been
raised that could potentially account for the discouraging re-
sults [49]. First, fluid removal in the UF arm was less flexi-
ble, while in the control arm stepped pharmacological ther-
apy was tailored to each patient’s urinary output and blood
pressure levels. Furthermore, a rate of 200 mL/h may have
been inappropriately high especially in pre-load dependent
patients with labile hemodynamic state. Rapid fluid shifts
may result in pre-renal acute kidney injury with possibly per-
sisting high creatinine as a result of transient tubular injury.
However, the clinical significance of creatinine changes dur-
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Table 2. Main features of randomized clinical trials performed on the use of ultrafiltration comparedwith diuretic therapy.
Rapid-chf [43] Unload [44] Ultradisco [36] Caress-hf [45, 46] Cuore [47] Avoid-hf [48]

Year of publication 2005 2007 2011 2012 2014 2016

Study design Multi-center Multi-center Single center Multi-center Multi-center Multi-center
Prospective Prospective Prospective Prospective Prospective Prospective

Number of Centers 6 28 1 22 2 30

Sample size
(UF arm vs. diuretic arm)

40 200 30 188 56 224
(20 vs. 20) (100 vs. 100) (15 vs. 15) (94 vs. 94) (27 vs. 29) (110 vs. 114)

Population characteristics Hospitalized with HF; Hospitalized with HF; Hospitalized for HF; Hospitalized with HF; NYHA III or IV; Hospitalized with HF;
2+ edema; ≥2 signs of fluid overload ≥2 peripheral edema; ≥2 signs of congestion; LVEF≤40%; ≥2 criteria of fluid overload
≥1 additional sign of Congestion ≥1 other criteria for volume

overload
≥0.3 mg/dL sCr increase ≥4 kg weight gain from peripheral

fluid overload
≥2 criteria above; receiving
daily oral loop diuretic agents

UF device System 100 Aquadex System PRISMA Aquadex System Dedyca Aquadex System 100

Primary EP Weight loss (Kg) at 24 h
Weight loss (Kg) at 48 h Hemodynamics changes deter

mined by PRAM (baseline to 36 h)
Change in sCr (mg/d) Rehospitalization due to HF at 1 year Time to first HF event at 90 days

Dyspnea assessment at 48 h Change in weight (Kg) at 96 h

Adverse events UF arm: 1 catheter site infection UF arm: Not reported 60-day serious adverse event: UF arm: 6 premature clotting of filter At least 1 serious adverse event:
1 catheter infection UF arm: 72% UF arm: 66%
5 filter clotting events Control arm: 57% ( p = 0.03) Control arm: 60% (p = 0.4)
1 patient hemodialyzed Serious adverse event of special

interest:
UF arm: 23%
Control arm: 14% (p = 0.122)

Results (primary EP; UF
arm vs. diuretic arm)

–2.5 vs. –1.86 (p = 0.24) Weight loss: 5 ± 3.1 vs. 3.1 ±
3.5 (p = 0.001)

Significant hemodynamics
changes in favor of UF group
(cardiac index, CPO, dP/dtmax,
SVR)

∆ sCr: 0.23± 0.70 vs. –0.04±
0.53 (p = 0.003)

11% vs. 48% (p = 0.002) 25% vs. 35% (p = 0.11)

Dyspnea score: 5.4± 1.1 vs. 5.2
± 1.2 (p = 0.588)

∆ weight : 5.7 ± 3.9 vs. 5.5 ±
5.1 (p = 0.58)

Legend. EP, endpoint; HF, heart failure; sCr, serum creatinine; UF, ultrafiltration; PRAM, pressure recording analytical method; CPO, cardiac power output; SVR, systemic vascular resistance.
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ing heart failure treatment (both with UF and standard di-
uretics) remains controversial [13, 49, 50]. Indeed, although
according to the study design UF rate should be fixed at 200
mL/h, a subsequent analysis of the trial showed that UF rates
were variable and very few patients started with an UF rate
of 200 mL/h [51]. Consequently, in the first 24 h UF rate
was up-titrated in many patients in disagreement with the
aforementioned concept of “intra-vascular refill” which in
contrast suggests to keep UF rate stable (or decrease it) over
time [32]. Furthermore, a non-negligible rate of crossover
was present between the two arms of the study complicating
the interpretation of the results (i.e., 9% patients in the UF
group received i.v. diuretics instead of UF). Aper-protocol
sub-analysis of CARESS = HF [51] which compared the two
treatments based on each arm’s output (UF output vs. urine)
showed that UF was associated with increased fluid removal
and weight loss at the cost of a rise in serum creatinine and
neurohormonal activation but no difference in 60-day out-
come.

The CUORE (Continuous Ultrafiltration for Congestive
Heart Failure) [47] trial suggested that there might be some
longer-term benefits associated with UF treatment in pa-
tients with overload due to congestive heart failure (n = 56)
compared to standard diuresis. Ultrafiltration in this trial
was performed via Dedyca device (Bellco, Mirandola, Italy)—
which is specific for patients with heart failure - via cen-
tral venous access. The trial showed a lower rate of re-
hospitalization at 1 year in patients treatedwithUF compared
to those treated with standard diuretic therapy (hazard ratio
0.14, 95% confidence interval 0.04–0.48; p = 0.002), although
there was no significant difference in body weight loss at dis-
charge between the two treatment strategies. Furthermore,
at 1 year, death rate in the two groups did not differ signifi-
cantly (7 deaths (30%) in the UF arm vs. 11 (44%) in the con-
trol group; p = 0.33). Interestingly and in contrast with previ-
ous studies, diuretic therapy during UF was not discouraged
and left to the discretion of the treating physician.

The AVOID-HF (Aquapheresis versus Intravenous Di-
uretics andHospitalization for Heart Failure) study [48] com-
pared adjustable UF with adjustable loop diuretics treatment
in patients with cutely decompensated heart failure with UF
administered via AquadexFlexFlow System (Baxter Interna-
tional, Deerfield, Illinois). The study was prematurely inter-
rupted by the sponsor in disagreement with the authors due
to slow recruitment when only 224 of the planned 810 pa-
tients were enrolled. According to study design, UF and di-
uretic therapy were titrated based on vital parameters, uri-
nary output and renal function and the duration of UF ther-
apy was left at discretion of the clinician. The interven-
tion group received UF therapy at an average rate of 138 ±
47 mL/h (range 50–300 mL/h) for an average of 80 ± 53
hours (median 70 h; range 12–283 hours). Compared with
CARRESS-HF, UF was performed at a lower rate and for
a longer time (70 vs. 40 hours). It appeared that time-to-
first heart failure event after discharge was longer for the UF

group compared to standard treatment (62 days vs. 34, p =
0.106), while the UF arm was also noted to have had fewer
number of patients with HF re-hospitalization (10 [9.5%] vs.
22 [20.5%]; p = 0.034) and number of patients with CV re-
hospitalizations (15 [14.3%] vs. 27 [25%]; p = 0.042). There
was no difference regarding measures of renal function and
90-day mortality, but patients in the UF arm unsurprisingly
suffered specific treatment-related adverse effects. However,
due to the early discontinuation of the study, findings need to
be further assessed.

Overall, evidence so far does not allow safe drawing of
conclusions with regards to the role UF in the management
of fluid overload in patients with decompensated heart fail-
ure. Direct comparison of study findings is not possible due
to the variable UF protocols utilized as far as devices, access,
duration, rate and total dose of UF treatment are concerned.
Renal specific findings and, more specifically, concerns raised
by CARRESS-HF regarding an UF-induced rise in creatinine
levels, need to be interpretedwith caution to avoid an unwar-
ranted discouragement of further pursuing a potential clini-
cally valuable use of UF in this setting. The clinical signif-
icance of an isolated creatinine rise without accompanying
data on other measures of renal function such as urine output
and longer term stabilization of creatinine levels cannot be
established. Moreover, it would be most interesting to ascer-
tain the value of UF in specific and uniform endpoints across
studies; the impact on length of hospital stay, standardized
symptom assessment tools and longer term outcomes need
to be assessed.

Several meta-analyses have summarized and pooled the
result of the mentioned trials. Among the most recent,
Wobbe et al. [52] evaluated the data of 8 studies with a global
population of 801 patients, and reported greater mean fluid
removal [1372.5 mL, 95% CI 849.6–1895.4 mL; p < 0.001],
mean weight loss difference [1.592 kg, 95% CI 1.039–2.144
kg; p < 0.001] and lower incidences of worsening heart fail-
ure (OR 0.63, 95% CI 0.43–0.94, p = 0.022) and rehospitaliza-
tion for heart failure (OR 0.54, 95% CI 0.36–0.82, p = 0.003)
in patients who received UF instead of conventional diuretic
treatment. Furthermore, nor renal impairment (OR 1.386,
95% CI 0.870–2.209; p = 0.169) neither all-cause mortality
(OR 1.13, 95% CI 0.75–1.71, p = 0.546) were augmented in
patient treated with UF.

Recently, a RCT has been conducted [53], on the impact
of UF (performed in 40 of the 100 enrolled patients) com-
pared with diuretic therapy with torasemide plus tolvaptan
in AHF patients. Patients who received UF for 3 days eval-
uated at 4 and 8 days achieved a greater weight loss (respec-
tively –2.94± 3.76 vs. –0.64± 0.91 Kg, p< 0.001 and –3.72
± 3.81 vs. –1.34 ± 1.32, p < 0.001) and urine increase (re-
spectively 198.00 ± 170.70 vs. 61.77 ± 4.67 mL, p < 0.001
and 373.80 ± 120.90 vs. 79.5 ± 52.35, p < 0.001) than the
control group. In addition, a recent retrospective observa-
tional study was conducted to assess the efficacy of early goal-
directed renal replacement therapy for treatment of cardiore-
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nal syndrome in patients after acute decompensated heart
failure [54]. The 54 patients undergoing early renal replace-
ment therapy, when comparedwith the 63 patients in the late
renal replacement therapy group, presented higher urine vol-
ume (1060.3 ± 332.1 vs. 300.5 ± 148.3 mL, p < 0.001), in
hospital all-cause mortality and cardiovascular mortality (re-
spectively 24.1 vs. 60.3%, p = 0.002 and 20.3 vs. 50.8%, p =
0.005).

Finally, the PURE-HF (Peripheral Ultrafiltration for the
RElief From Congestion in Heart Failure, ClinicalTrials.gov
Identifier: NCT03161158) was designed to provide fur-
ther insight regarding the impact of peripheral UF (via the
CHIARA device) complementary to low-dose diuretics on
cardiovascular mortality 90 days after randomization and
heart failure events 90 days after discharge compared to usual
care including stepped intravenous diuretics in 900 acutely
decompensated chronic heart failure patients with fluid over-
load (not fully responsive to diuretic therapy). Unfortunately,
the study was prematurely terminated in 2019 after enroll-
ment of 62 patients.

6. Practical aspects of ultrafiltration
6.1 The ideal candidate

Ultrafiltration is an interesting therapeutical opportunity
for patients with heart failure and over fluid overload. Due
to its complexity, cost and potential complications, it should
be aimed at patients presenting with diuretic resistance in the
setting of decompensated heart failure. Unfortunately, it re-
mains still unclear how to pre-emptively identify patients in
whom response to diuretics is expected to be poor and, thus,
who could benefit most from UF [26]. According to current
guidelines [15], UF should only be considered when titration
of the initial i.v. diuretic agent and combination with other
diuretics are ineffective to treat fluid overload. Whether a
more proactive use of UF may be beneficial in certain patient
groups needs to be addressed.

6.2 Vascular accesses

Ultrafiltration is usually provided through dual lumen
central venous access (i.e., internal jugular vein or femoral
vein). Newer simplified UF devices were designed to allow
the use of peripheral accesses, namely brachial antecubital ve-
nous access, without the need for and the potential complica-
tions of central venous catheters. However, these newer de-
vices are not readily available to all hospital settings and rou-
tine use of UF in the management of heart failure, would cer-
tainly at least initially involve central venous access to a sig-
nificant extent. Furthermore, peripheral venous access can
also be associated with certain complications such as blood-
stream infections, thrombosis etc. In addition, in some pa-
tients peripheral veins are inadequate and thus the placement
of a central catheter remains the only mean to deliver UF
[55].

6.3 Anticoagulation
As UF is an extra-corporeal technique in which blood is

pumped through an haemofilter, anticoagulation is required
to prevent filter clotting and line thrombosis. Different reg-
imens have been used in the studies according to local pro-
tocols and device used, using continuous infusion of unfrac-
tionated heparin (monitoring aPTT or ACT) or low molec-
ular weight heparin according to weight and renal function.
University of Minnesota suggests a protocol for anticoagula-
tion during UF with AquadexFlexFlow (CHF Solutions, Inc.,
Brooklyn Park, MN) device based on the infusion of heparin
proximal to the filter (in thewithdrawal line) following a high
nomogram heparin protocol, seeking to achieve a goal aPTT
of 72 to105 seconds [55].

6.4 Initial settings, fluid removal targets and monitoring
The initial UF rate should be set at the discretion of the

attending physician. In general, considering that the entity
of the “intra-vascular refill” phenomenon (i.e., the fluid re-
moved by UF is replaced by fluid from the third space) grad-
ually decreases over time, it is reasonable not to augment
UF rate once the therapy is started in order to avoid exces-
sive fluid removal [32, 48]. Thus, once a start rate is cho-
sen according to the patient’s clinical and hemodynamic pro-
file (initial rate usually advised is ≤250 mL/h), it should be
maintained or decreased [32, 48]. Tailored treatment set-
tings in terms of UF rate, duration and total dose accord-
ing to haemodynamic patient parameters and clinical status
and background appear to be critical to maximize benefit ob-
tained from the use of the technique in the management of
these patients. For example, specific subsets of patients may
require adjustments, such as patients with right-sided heart
failure or heart failure with preserved ejection fraction (HF-
pEF) usually are unable to tolerate higher UF rates due to
their pre-load dependent condition. Previously, it had been
noted that UF had similar effects across heart failure patients
irrespective of ejection fraction (reduced vs preserved) [56];
however, a recent sub-analysis of the CARESS-HF trial sug-
gested that HFpEF patients are more prone to renal injury
and receive lesser benefit from UF [57]. The explanation
for the different efficacy of UF in patients with HFpEF and
HFrEF could be due to the differentmeaning of volume over-
load in these two conditions. Fluid overload and congestion
should be considered as the consequence of changes in vas-
cular capacitance in HFpEF but the cause of cardiac decom-
pensation in HFrEF [57–59]. Therefore, it is of utmost im-
portance to set a target for fluid removal (based of patients’
“dry weight”) and periodically assess fluid status via core vital
signs (heart rate, blood pressure, urinary output) and physical
examination, as well as blood parameters (hematocrit, crea-
tinine, blood urea). In this regard, haematocrit may be used
as an estimate of fluid excess volume [32]. In fact, in the first
phases of UF it remains constant due to the passage of water
from the extravascular to the intravascular space. After a cer-
tain degree of fluid removal, haematocrit values increase sug-
gesting insufficient refilling rate due to fast fluid withdrawal
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or complete removal of the extravascular oedema: in both
cases UF should be slowed or ceased [32]. Several protocols
have been proposed to adjust UF rate according to the afore-
mentioned parameters [26, 44].

6.5 Devices

Ultrafiltration can be performed through several de-
vices. Conventional UF machines require large bore cen-
tral accesses, a significant blood flow (upwards of 200–400
mL/min) and around 100mLof extracorporeal blood volume
[60]. Conversely, newer portable dedicated devices require
smaller catheters, lower blood flow (<100 mL/h) and lower
extracorporeal blood volume (around 30 mL) to achieve ef-
fective UF. Among them, the most recent currently avail-
able devices are Aquadex smartflow system (Nuwellis, Eden
Praire, MN, USA) and CHIARA system (MediCon Ingegne-
ria S.r.l., Budrio [Bologna], Italy). In both, the vascular access
can be placed in a peripheral vein of the arm, but while the
first requires a dual-lumen cannula or two different periph-
eral accesses, the latter is equipped with valves that drive the
blood from and to the same peripheral vein through alternate
flows thus allowing the use of a single-lumen cannula [61].

7. Future perspectives
7.1 Novel aspects in UF candidate selection

New insights regarding the key role of lymphatic system in
the regulation of myocardial extracellular volume and on the
association among lymphatic dysfunction, interstitial edema
and elevated central venous pressure have been highlighted
[62, 63]. In fact, lymphatic flow is a major compensatory
mechanism in heart failure against the development of in-
terstitial oedema. Thus, the lymphatic system should be in-
tended as a potential target in the management of HF [64]
and, among the potential approaches to promote its drain-
ing function, UF may find a role. Therefore, it is likely that
the patients who would benefit the most from UF therapy
are patient affected by lymphatic insufficiency in which the
use of diuretics would further inhibit lymphatic function thus
enhancing central venous pressure and kidney injury. In
such patients, on the contrary, implementation of lymphatic
function by UF would promote the intra-vascular refill phe-
nomenon and consequently reabsorption of fluid overload.

7.2 Bioelectrical impedance vector analysis in UF

A crucial aspect in UF is the target fluid removal over
a certain period of time. Thus, assessing fluid status with
precision could aid to achieve homeostasis avoiding the risk
of excessive fluid removal [65]. Analysis of bioelectrical
impedance is a technique developed to estimate body compo-
sition via measurement of electrical parameters [66]. In the
last years, it has been widely implemented in clinical prac-
tice (in the context of cancer, cardiac surgery, hospitalized
children, cirrhosis, chronic renal failure, anorexia [67–73])
since it is noninvasive, safe, portable, inexpensive, appliable
both at bedside and in the outpatient setting [74]. Bioelec-
trical impedance vector analysis (BIVA) is a novel approach

which allows to assess hydration status in real time without
the need to use regression equations and mathematical as-
sumptions as in the traditional approach [75]. BIVA has been
shown to be adequate for monitoring the fluid status in pa-
tients undergoing peritoneal dialysis, in critically ill patients
and in the setting of congested heart failure [76]. With re-
gards to the mechanism of BIVA, it is based on the analysis of
bioimpedance (Z). Z is defined as the opposition exerted by a
conductor against the flow of an applied alternating electri-
cal current and is based on the principle that the human body
performs as a circuit in which the tissues have different elec-
trical properties (fluids and lean tissues are good conductors
as opposed to fat tissue) [75]. Z is calculated from two pa-
rameters directly measured: resistance (R), which increases
from intra-cellular to extra-cellular fluids, and reactance (Xc),
which is related to the capacitance of the cell membranes
(Fig. 3a). R andXc normalized to height can be plotted on the
RXc graph obtaining a vector which represents impedance.
As shown in Fig. 3b, serial measurements over time allow
to evaluate the shift of the vector in response to body com-
position variations. The migration of the vector out of 75%
tolerance ellipse is suggestive of abnormal impedance and hy-
dration status [66]. Although analysis of bioimpedance does
not distinguish between intravascular and interstitial extra-
cellular fluids [77], it has been demonstrated that a dynamic
measurement of extracellular volume expansion by BIVA is a
useful tool to guide management of nutritional support [78]
as well as fluid overload treatment during UF in hemodialysis
[79] and peritoneal dialysis [80]. Furthermore, BIVA could
be helpful in the first approach to acute decompensated heart
failure patients as it can differentiate cardiogenic from non-
cardiogenic dyspnea and support the decision about the need
for decongestion [62, 81, 82]. To date, there are no standard-
ized protocols for the use of BIVA during UF. However, it is
a promising and objective technique for monitoring and pos-
sibly guiding the fluid shifts occurring during decongestive
therapies [83].

7.3 Biomarkers

Natriuretic peptides have also been proposed as a poten-
tial tool to guide decongestion. Unfortunately, the fact that
their values are influenced by many other variables makes
them unsuitable for this role [84]. Creatinine remains the
cornerstone for monitoring pharmacological and mechanical
decongestion. Nevertheless, its fluctuation during deconges-
tive therapies does not have an unequivocal interpretation
as previously pointed out [78]. The neutrophil gelatinase-
associated lipocalin (NGAL) is a protein of the lipocalin su-
perfamily secreted both in urine and plasma following kid-
ney damage. It has been shown to be secreted a few hours
after kidney injury and its levels are correlated with the en-
tity of the injury [85]. Recent studies on NGAL qualified it
as a potential useful tool to assess when an increase in serum
creatinine is due to tubular damage and not just a marker of
effective decongestion [86].
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Fig. 3. Bioelectrical impedance vector analysis (BIVA) principles of interpretation. (a) Parameters defining bioimpedance (Z, expressed in Ohm): XC

is reactance (Ohm); R is resistance (Ohm). (b) RXC graph. The tip of vector (colored circle) represents bioimpedence at any given time (“steady state”). The
length of vector is inversely related to fluid volume. Red circle is outside 75% tolerance ellipse with a short vector and is suggestive of fluids excess whereas
blue circle inside the 75% tolerance ellipse indicates normally hydrated patients. Thus, aim of decongestive therapy is the migration of the vector from red to
blue position (yellow arrow).

8. Conclusions
The role of UF as an adjunctive therapy in patients with

fluid overload due to decompensated heart failure is not fully
established. Alongside traditional haemofilters, newer heart
failure specific devices are safe, easy to use and require only
minimal training. Based on the available evidence and guide-
lines recommendations, UF could be used in patients who
are diuretic resistant. Though findings so far should be in-
terpreted with caution, it is readily concluded that as every
other therapy, benefit obtained from UF will be maximized,
if the treatment is tailored to patient’s clinical status and back-
ground. Further carefully designed studies are needed to as-
sess short- and long-term outcomes in association with UF
and help clinicians drive their approach via the formation of
relevant guidelines.
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