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Abstract

Background: Ultrafiltration is an adjunctive treatment for
decompensated heart failure patients with cardiorenal syn-
drome. The efficacy and safety of ultrafiltration in the patient
cohort are still unknown. Methods: We systematically re-
viewed and evaluated randomized controlled trials, compar-
ing diuretics with ultrafiltration in adult patients with de-
compensated heart failure and cardiorenal syndrome
through January 2014. The primary outcomes were body
weight loss and total fluid removal. Results: We identified 8
trials including 608 patients. In a random-effects model, the
pooled difference of body weight loss was 1.44 kg between
patients receiving ultrafiltration and diuretics (95% Cl, 0.29-
2.59; p =0.01). The difference of fluid removal was 1.28 | be-
tween groups (95% Cl, 0.43-2.12; p = 0.003). The RR for mor-
tality was 0.90 for ultrafiltration compared with diuretics
(95% Cl, 0.61-1.33; p = 0.60) and the RR for renal function
deterioration was 1.29 (95% Cl, 0.90-1.85; p = 0.17). There is
a trend toward reducing readmission rate in ultrafiltration

group. Conclusions: Ultrafiltration is a safe and effective
strategy in the treatment of cardiorenal syndrome without
increasing the risk of renal deterioration.

© 2015 S. Karger AG, Basel

Introduction

Pulmonary congestion is the major cause for hospital-
ization in the great majority of patients with heart failure
[1]. Recent studies suggest that nearly half of the patients
with acute decompensated heart failure (ADHF) are dis-
charged with unresolved congestion after receiving di-
uretic-based conventional therapy [2-4]. Development
of diuretic resistance is a well-recognized challenge in the
care of patients with ADHF and associated with higher
morbidity and post-discharge mortality in patients with
ADHE [5, 6].

Ultrafiltration (UF) can remove fluid rapidly and
sustainably without activation of the neurohumoral
axis [7, 8]. We systematically reviewed the literature for
randomized controlled trials (RCTs) examining the ef-
fect of ultrafiltration in patients with cardiorenal syn-
drome.
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Method

Data Sources and Searches

Wessearched Cochrane Library (1993-), PubMed (1988-), OVID
(1984-), EBSCO (1984-) through January 2014 using the OVID
search engine and 3 comprehensive search themes, which we com-
bined with the Boolean operator ‘AND’. The first theme used terms
for decompensated heart failure or pulmonary edema or fluid over-
load, the second used terms for ultrafiltration, whereas the third used
terms for diuretics or usual care or medications or pharmacology.
Results are filtered for RCTs. We identified additional citations from
reference lists of review articles, conferences, and through experts.

The participants were older than the age of 18, and admitted to
hospital due to ADHF. The intervention groups were ultrafiltration
via any kind of dialysis method, including continuous renal replace-
ment therapy or intermittent hemodialysis. The control groups were
any kind of diuretics, given intermittently bolus or continuous.

The screening, selection, data extraction and risk of bias assess-
ment were done independently and in duplicate by two investiga-
tors (H.Y.C. and P.T.L.).

Study Outcomes

The primary outcomes were total body weight loss and fluid
removal amount during intervention periods, and the secondary
outcomes were mortality rate, readmissions, renal function dete-
rioration and adverse events.

Risk of Bias in Individual Studies

Each of the included studies was evaluated using the criteria
described in the Cochrane Handbook 5.0 for Systemic Reviews of
Interventions.

Quantitative Data Synthesis and Sensitivity Analysis

The study followed the reporting guidelines of the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) statement [9]. Statistical analysis was performed using
Revman 5.2 (Cochrane Collaboration). Data synthesis and analy-
ses were performed using the Cochrane Review Manager software,
version 5.2 (Cochrane Collaboration, www.cc-ims.net) according
to Cochrane guidelines.

Results

Study Selection and Characteristics of Included Trials

Progress through stages of the systematic review is
shown in figure 1. A total of 608 patients were included
in 8 RCTs, of whom 304 were treated with ultrafiltration
and 304 were treated with diuretic only (table 1). The
mean age of patients ranged from 54-75 years, most were
male (60-87%) and the body weight ranged from 74.4-
106.2 kg. Almost all patients (>93%) had decompensated
heart failure reaching NYHA class 3, and the ejection
fraction was less than 35%. The mean baseline serum cre-
atinine ranged from 1.4-2.2 mg/dl in the UF group, and
1.4-2.1 mg/dl in the diuretic group.
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Fig. 1. Literature search and selection.

All eight RCT's used slow continuous UF as the mode
of dialysis, of which 3 were Aquadex System 100, 1 was
NxStage System, 1 was Dedyca ultrafiltration system, 1 was
PRISMA and the other one was Multifiltrate/Prismaflex
(table 2). The duration of UF ranged from 8-72 h in 6 tri-
als. The duration was determined by the physicians judged
clinically in one trial and by the time required to maintain
the PCWP at <18 mm Hg for at least 4 h in another trial.
Patients in the standard care group were all treated with
loop diuretics intravenously, of which two trials used bolus
infusion and four trials used continuous infusion. The
dosage of diuretics varied from 153-314 mg per day. Three
trials illustrated similar hemodynamic parameters includ-
ing the changes of blood pressure and heart rate between
groups [10-12] and one trial demonstrated more inotro-
pic agent in diuretic group (50 vs. 0%) [13].

Risk of Bias

Only 2 RCTs included more than 90 patients. Trial
quality was limited (table 3). Given the nature of the in-
tervention, no trial was blinded or used sham procedures.
Allocation concealment was not described in any trial.
Baseline body weight in each group differed in the trials
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Test for overall effect: Z = 2.46 (p = 0.01)
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Marenzi 2014 75 45 27 79 5 29 122% -0.40[-2.89, 2.09] 2014 i 2
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Costanzo 2010 5 3.1 100 3.1 35 100 24.1% 1.90[0.98, 2.82] 2010 - 5
Hanna 2010 4.7 3.5 19 1 25 17 155% 3.70 [1.73,5.67] 2010 - S
Rogers 2007 2.2 2.6 9 19 27 10 12.8% 0.30 [-2.08, 2.68] 2007 -
Total (95% Cl) 269 270 100.0% 1.44 [0.29, 2.59] >
Heterogeneity: Tau2 = 1.21; Chi2 = 13.65, d.f. = 5 (p = 0.02); 12 = 63% ‘4 ‘2 o 5 4

Heterogeneity: Tau2 = 0.25; Chi2 = 2.74, d.f. = 2 (p = 0.25); 12 = 27%
b Test for overall effect: Z = 4.64 (p < 0.00001)

a Favours [diuretics] Favours [ultrafiltration]
Ultrafiltration Diuretics Mean difference Mean difference
Study or subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% ClI
Badawy 2012 63 35 20 37 32 20  20.0% 2.60 [0.52, 4.68]
Costanzo 2010 5 31 100 31 35 100 583% 1.90 [0.98, 2.82] -
Hanna 2010 47 35 19 1 25 17 21.7% 3.70 [1.73, 5.67] —_—
Total (95% Cl) 139 137 100.0% 2.43 [1.40, 3.46] o

-4 2 0 2 4
Favours [diuretics]  Favours [ultrafiltration]

Fig. 2. Forest plot of studies examining the effect of ultrafiltration on
and chronic kidney disease.

total body weight loss in patients with decompensated heart failure

Table 3. Methodological quality assessment of studies in the meta-analysis

Sequence Allocation Blinding Incomplete Selective outcome Other

generation concealment outcome data reporting bias
Bart (2005) Yes Unclear No Yes No No
Rogers (2007) Yes Unclear No Yes No No
Constanzao (2010) Yes Unclear No Yes No No
Hanna (2010) Yes Unclear No Yes No No
Giglioli (2010) Yes Unclear No Yes No No
Badawy (2012) Yes Unclear No Yes No No
Bart (2012) Yes Unclear No Yes No No
Marenzi (2014) Yes Unclear No Yes No No

by Roger et al. (UF group, 91 kg vs. Diuretic group, 106
kg), and Bart et al. (UF group, 94 kg vs. Diuretic group,
106.2 kg). The rate of change of the body weight is not
clear and there will be bias in evaluating the result of the
outcome by calculating the difference of body weight be-
tween two groups.

Outcome Analysis

Our primary outcomes are body weight loss and total
fluid removal during the intervention period. The pooled
body weight difference between patients receiving UF and

192 Nephron 2015;129:189-196
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diuretics was 1.44 kg (95% CI, 0.29-2.59; p = 0.01; fig. 2a).
There was between-trial heterogeneity (I> = 63%; Q statis-
tic, p = 0.02). By step-wise approach and exclusion of trials
with higher between-groups variation of body weight at
baseline, the I? statistic decreased from 63 to 27% and the
pooled difference remains significant (2.43 kg, 95% CI, 1.4~
3.5; p <0.00001; fig. 2b). Figure 3 shows the analysis of flu-
id removal during intervention period as primary outcome
and shows difference of 1.28 | between UF and diuretic
groups (95% CI, 0.43-2.12; p = 0.003), with mild heteroge-
neity between trials (I? = 43%; Q statistic, p = 0.13). There
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Ultrafiltration Diuretics Mean difference Mean difference
Study or subgroup Mean SD Total Mean SD Total Weight 1V, Random, 95% ClI IV, Random, 95% ClI
Bart 2012 7.44 433 94 7.08 4.18 94  24.1% 0.36 [-0.86, 1.58] -
Costanzo 2010 46 26 100 33 26 100 358% 1.30[0.58, 2.02] -
Giglioli 2010 97 29 15 7.8 2 15 153% 1.90[0.12, 3.68] e
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Total (95% Cl) 237 236 100.0% 1.28 [0.43, 2.12] ’
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Fig. 3. Forest plot of studies examining the effect of ultrafiltration on total fluid removal in patients with decompensated heart failure

and chronic kidney disease.

Ultrafiltration Diuretics Risk ratio 0Odds ratio
Study or subgroup Events  Total Events Total Weight M-H, Random, 95% Cl  Year M-H, Random, 95% CI
Marenzi 2014 7 27 11 29 24.2% 0.68[0.31,1.51] 2014 —
Badawy 2012 3 20 5 20 9.1% 0.60[0.17,2.18] 2012 I
Bart 2012 16 94 13 94 33.3% 1.23[0.63,2.41] 2012 -
Costanzo 2010 9 94 11 95  21.7% 0.83[0.36,1.90] 2010 —
Hanna 2010 4 19 4 17 10.1% 0.89[0.26, 3.04] 2010 e E—
Bart 2005 1 20 0 20 1.5% 3.00[0.13,69.52] 2005
Total (95% Cl) 274 275 100.0% 0.90 [0.61, 1.33] <
Total events 40 44
Heterogeneity: Tau2 = 0.00; Chi2 = 2.29, d.f. = 5 (p = 0.81); 12 = 0% i T T )
Test for overall effect: Z = 0.53 (p = 0.60) 0.01 0.1 1 10 100
Favours [ultrafiltration] ~ Favours [diuretics]

Fig. 4. Forest plot of studies examining the effect of ultrafiltration on total mortality rate in patients with decompensated heart failure

and chronic kidney disease.

are four trials mentioning the subjective cardiac assessment
and/or patient perception. UF led to significantly improve-
ment of symptoms at 48 h in one trial [14]; and the other
three trials all disclosed similar improvement of cardiac
assessment [12, 13, 15]. Figure 4 shows the analysis of
mortality as an end point and an RR of 0.90 for UF com-
pared with diuretic therapy (95% CI, 0.61-1.33; p = 0.60),
with minimal heterogeneity (I> = 0%; Q statistic, p = 0.81).
The follow-up periods were 30 days by Badawy et al. [10]
60 days by Bart et al. [13, 14], 90 days by Hanna et al. [11]
and Costanzo et al. [15] and 12 months by Marenzi et al.
[16]. There were four trials demonstrating renal function
deterioration. The definition of renal function deteriora-
tion was either decreased GFR [13, 17], or rising in serum
creatinine of more than 0.3 mg/dl [11, 15]. UF did not in-
crease the risk of renal deterioration, with the pooling risk
ratio of 1.29 (95% CI, 0.90-1.85, p = 0.17; fig. 5) without
heterogeneity (I? = 0%; Q statistic, p = 1.00). Moreover, UF

Ultrafiltration in Cardiorenal Syndrome:
A Meta-Analysis

had a trend toward but not statistically significant lower
rate of readmission, the pooling risk ratio of 0.71 (95% CI,
0.43-1.18, p = 0.18; fig. 6) with moderate heterogeneity
(I> = 56%; Q statistic, p = 0.08). However, no study com-
pared the long-term impact on renal function after UF or
diuretic therapy. Few data were available for adverse-event
rates between treatment arms. There were no gross differ-
ences in adverse-event in studies that presented data (ta-
ble 4). Catheter-related adverse events including catheter
infection, catheter associated bleeding or discomfort,
ranged from 2.13 to 5% in the UF group.

Discussion
Acute cardiorenal syndrome (ACS) characterized by

an acute heart disorder leading to acute kidney injury
occurs in about 25% of unselected patients admitted

Nephron 2015;129:189-196
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Ultrafiltration Diuretics Risk ratio QOdds ratio §
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Fig. 5. Forest plot of studies examining the effect of ultrafiltration on renal function deterioration in patients with decompensated heart

failure and chronic kidney disease.

()
Ultrafiltration Diuretics Risk ratio Risk ratio _é
Study or subgroup Events Total Events Total Weight M-H, Random, 95% ClI M-H, Random, 95% ClI -
Marenzi 2014 4 27 14 29 16.9% 0.31[0.12,0.82] — g
Hanna 2010 8 19 6 17 20.6% 1.19 [0.52, 2.74] — <
Costanzo 2010 16 89 28 87  303% 0.56 [0.33, 0.96] —— 2
Bart 2012 23 90 24 93  321% 0.99 [0.60, 1.62] - g
3
Total (95% Cl) 225 226 100.0% 0.7110.43,1.18] <o “
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Test for overall effect: Z = 1.33 (p = 0.18) 0.01 0.1 1 10 100
Favours [ultrafiltration] ~ Favours [diuretics]

Fig. 6. Forest plot of studies examining the effect of ultrafiltration on readmissions due to heart failure in patients with decompensated

heart failure and chronic kidney disease.

Table 4. Summary of adverse events reported

Adverse events Catheter-related

(%) adverse events (%)
UF D UF D
Bart (2005) ND ND 5.3 0
Costanzo (2010) 1.01 1.19 4 0
Hanna (2010) 2.68 2.47 ND 0
Bart (2012) 1.85 1.50 2.13 0
Total 1.53 1.43 3.27 0

Event rate expressed as events per patient. UF = Ultrafiltration
group; D = diuretic group; ND = no data available.

with ADHF [18]. Renal hypoperfusion, passive venous
congestion and reduced renal autoregulation play im-
portant roles in the pathogenesis of ACS. ACS represents
a clinical challenge regarding its appropriate manage-
ment; however, the preservation of renal function should

194 Nephron 2015;129:189-196
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receive the same priority as maintaining cardiac func-
tion.

Apart from neurohormonal blockade, salt and fluid
restriction, intensive diuretic therapy is usually an essen-
tial part of therapy in patients with ADHF, but a signifi-
cant subset of patients receiving diuretics (60%) develop
worsening renal function which leads to diuretic resis-
tance [19, 20]. The activation of sympathetic nervous sys-
tem and exacerbation in renin-angiotensin-aldosterone
system following the natriuretic effect of diuretic therapy
are the possible reasons [8, 21]. Ultrafiltration, the me-
chanical extraction of isotonic fluid, has been an alterna-
tive treatment for ADHF. This procedure results in in-
creased sodium removal without an increase in sodium
delivery to the distal nephron, which could activate the
tubuloglomerular feedback system. The lack of neuro-
hormonal activation would theoretically preserve or even
improve renal function through the reduction in venous
congestion more efficiently, improvement of cardiac out-
put, and increase in renal perfusion [13, 22]. So far, no
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studies have approved the beneficial effect of UF on renal
function. Further studies using the change of renal func-
tion as primary outcome following UF in patients with
ADHEF will be needed to clarify the issue.

We noted a large apparent effect of UF on body weight
loss and fluid removal during intervention, but no appar-
ent effect on readmission or mortality after discharge.
Most of the patients in the analysis had poor heart func-
tion as reflected by the low ejection fraction and higher
NYHA classification of more than 3. Alternatively, death
from arrhythmia rather than fluid overload alone is com-
mon in patients with ADHF. Thus, the effect of UF on
mortality or readmission would be diluted. However, flu-
id overload or pulmonary edema is associated with poor
health-related quality of life and higher in hospital com-
plications, and faster improvement of symptoms by UF
remains an important advance for treatment of ADHF.

Although the UF modality in our meta-analysis can be
performed via peripheral line, some patients still need
central venous access due to difficulty in puncturing the
peripheral vein under edematous and hypoperfusion sta-
tus. It might carry the risk of catheter-associated adverse
events in the UF group. Bradley et al. developed a deci-
sion-analytic model to explore the potential health eco-
nomic benefits associated with UF and concluded that it
appears unlikely that UF therapy for index and subse-
quent ADHF hospitalizations is cost-saving from a soci-
etal perspective compared to IV diuretics at 90 days from
index hospitalization [23]. However, these calculations
were based on the use of a recently developed compact
device. It would be financially more advantageous to use
already existing resources such as nursing staff and con-
ventional cheaper hemofilters; then the results of the de-
cision model analysis would become in favor of ultrafil-
tration.

At the present time, we would recommend ultrafiltra-
tion in patients with ADHF who are unable to achieve
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decongestion with a rational diuretic regimen and usual
hemodynamic care. More RCT data focusing on the im-
pact of long-term, overall kidney outcomes are needed.

Limitations

The included studies were heterogeneous with respect
to UF modality, UF or diuretics regimen, patients includ-
ed, and duration of follow-up. There is lack of diuretic
protocol available in most of the trials, which will lead to
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