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Acute decompensated heart failure (ADHF) is defined as 
the new onset or recurrence of gradually or rapidly developing 
symptoms and signs of heart failure (HF) requiring urgent 
or emergent therapy and resulting in hospitalization. Most 
hospitalized patients have signs and symptoms of volume 
overload due to abnormal hemodynamics and neurohormonal 
status.1

ADHF represents a major burden in the developed world. 
In the United States, HF is the primary diagnosis for more 
than 1 million hospitalized patients annually, representing 
an expenditure of $39 billion per year.1 Despite therapeutic 
advances in the care of chronic HF, prognosis of patients with 
ADHF remains poor, with an in-hospital mortality of 4%; a 
30-day re-hospitalization rate of 23%; a 6-month mortality 
rate of 20% in advanced HF, with all event rates higher than 
those of myocardial infarction.2-4 

Systemic or pulmonary congestion is the hallmark clinical 
presentation of most patients hospitalized for acute HF, 
and greater severity of congestion predicts worse outcomes. 
Diuretics are among the most important drugs in the 
treatment of ADHF and volume overload. However, initial 
diuresis requires a high dose, which may cause hypotension 
and worsening heart failure.1 Intravenous loop diuretics 
remain the first line therapy of ADHF and are prescribed in 
90% of hospitalized patients. Despite its ubiquitous use, there 
are emerging uncertainties with regards to its appropriate 
dosing and overall safety profile. Also, even with diuretic 
therapy, up to 40% of hospitalized patients with HF are 
discharged with unresolved congestion.5 

There has been increasing focus to investigate on alternative 
strategies to manage volume overload. Ultrafiltration emerges 
as a promising alternative to diuretics. It allows extracorporeal 

BACKGROUND Acute decompensated heart failure (ADHF) is defined as the new onset or recurrence of gradually 
or rapidly developing symptoms and signs of heart failure requiring urgent or emergent therapy and 
resulting in hospitalization. Ultrafiltration emerges as a promising alternative to diuretics in patients 
with signs and symptoms of volume overload. It allows extracorporeal removal of plasma from the 
whole blood across a semi-permeable membrane through a transmembrane pressure gradient. The 
objective of this meta-analysis is to compare the benefit of ultrafiltration vs intravenous loop diuretics 
in patients with ADHF. 

METHODS This was a meta-analysis of randomized controlled trials that compared the effectiveness of 
ultrafiltration vs intravenous loop diuretics in reducing systemic congestion among ADHF patients. 
Articles were identified through PubMed, Medline, Cochrane and internet electronic databases. Two 
reviewers independently assessed and abstracted data from the included studies using the Quality 
Scale for Meta-analytic Review Form and Data Extraction Form for randomized controlled trials. 
Analyses were performed using RevMan 5.2.

RESULTS Ultrafiltration was superior to intravenous loop diuretics in terms of mean change in weight from 
baseline (WMD -1.78 kg; 95%CI -2.40 to -1.17; p<0.00001). The test for heterogeneity was not 
significant (chi-square=1.08; p=0.58; I2=58%) after doing a sensitivity analysis. The outcomes on 
mean change in re-hospitalization and mortality were similar between the two arms. The outcome 
of change in creatinine clearance was inconclusive.
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removal of plasma from the whole blood across a semi-
permeable membrane along a transmembrane pressure 
gradient.6 It is currently an acceptable treatment for patients 
with refractory congestion not responding to medical therapy, 
considered in lieu of diuretics, to reduce fluid overload in 
selected patients and correct hyponatremia in symptomatic 
patients refractory to diuretics.7-9 

This meta-analysis aimed to directly compare the benefit 
of ultrafiltration vs intravenous loop diuretics among patients 
with ADHF.

METHODOLOGY
Types of studies included

This meta-analysis included randomized controlled 
trials that compared the effectiveness of ultrafiltration vs 
intravenous loop diuretics in reducing systemic congestion. 
Studies included patients admitted for ADHF with grade 
2+ bipedal edema and at least one of the following: elevated 
jugular venous pressure (more than 10 cm H2O), pulmonary 
edema or pleural effusion on chest X-ray, pulmonary rales, 
dyspnea, paroxysmal nocturnal dyspnea, orthopnea or 
tachypnea. Studies needed to compare ultrafiltration with 
maximum fluid removal rate of up to 500 mL/hour with the 
standard therapy of intravenous loop diuretics. The primary 
outcome measured was mean change from baseline in weight. 
Secondary outcomes include difference in hospitalization 
rates due to HF, and mean change in serum creatinine after 
treatment.

Search strategy for relevant studies
We obtained relevant trials from 2004 up to 2013 from 

PubMed, Medline, and Cochrane. We used the keywords 
“ultrafiltration”, “diuretics”, “acute heart failure” and 
“randomized trials”. Both free text and MeSH terms were 
used. In addition, we searched for abstracts, reference lists 
of review articles, and retrieved studies using manual and 
internet search strategies. A manual search was likewise done 
to check for unpublished data and on-going trials.

Data extraction and quality assessment of included studies:
Two reviewers independently assessed and abstracted 

data from the included studies using the Quality Scale for 
Meta-analytic Review Form and Data Extraction Form for 
randomized controlled trials. Assessment was made on the 
basis of randomization, concealment, degree of blinding, 

intention to treat analysis and number of drop-outs. 
Disagreements were resolved by consensus and through 
another reviewer. Baseline characteristics of the patients in 
the individual studies were tabulated and listed in Table 1.

Further treatment of data was done using the Review 
Manager 5.2 software to compare the effectiveness of 
ultrafiltration versus intravenous loop diuretics in among the 
different outcomes. Results of outcomes with continuous data 
were calculated using weighted mean difference (WMD). 

Heterogeneity between comparable trials were tested 
using the standard chi-square test and was considered 
significant when p was less than 0.1. A fixed effects model 
was adopted to quantify computed outcomes. 

RESULTS
Nine relevant citations were identified after performing 

a thorough search of literature. After probing the title and 
abstracts, three were excluded: one study was a cohort study 
on early ultrafiltration in patients with ADHF and diuretic 
resistance; the other two articles were randomized controlled 
trials that reported surrogate endpoints not included in our 
meta-analysis outcomes.

The full text of the six remaining trials were obtained 
and evaluated thereafter to determine the validity of data.10-15 

Most were graded B based on our appraisal (Table 1). The 
baseline characteristics of each included study were tabulated. 
The six studies had a total sample size of 515 patients. Two 
hundred fifty eight patients underwent ultrafiltration and 
257 patients received intravenous loop diuretics. 

Figure1 shows the mean change from baseline in weight 
of patients with ADHF reported in four studies, showing 
that ultrafiltration is superior to intravenous loop diuretics 
in terms of mean change in weight from baseline (WMD 
-1.78 kg; 95%CI -2.40 to -1.17; p<0.00001).11,13-15 The 
test for heterogeneity was significant (chi-square=8.48; p= 
0.04; I2=65%). Sensitivity analysis was done, which showed 
that exclusion of the study by Bart et al (2012) increased 
homogeneity among the studies (chi-square=1.08; p=0.58; 
I2=58%) (Figure 2).

Figure 3 showed that re-hospitalization between those 
treated with ultrafiltration and intravenous loop diuretics were 
similar (OR 0.75; 95% CI 0.48 to 1.17; p=0.21).11,14,15 The 
test for heterogeneity was not significant (chi-square=3.31; 
p=0.19; I2= 40%). 

Figure 4 showed a statistical difference between the 
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Study Patients included Intervention Outcome Methodology Study 
Quality

Bart, et al 
200510

n=40

40 patients hospitalized for 
chronic HF, required to have 
at least 2+
edema of the lower extremities 
and at least one of the following: 
elevated JVP>10 cm H2O,
pulmonary edema or pleural 
e f fus ion on ches t  X-ray , 
pulmonary
rales, pulmonary wedge or left 
ventricular end-diastolic
pressure >20 mmHg, ascites, or 
pre-sacral edema

8-hour course 
of  UF wi th 
m a x i m u m 
fluid removal 
rate up to 500 
cc/hr 

vs 

IV Furosemide 
maximum dose 
of up to 180 
mg/24 hrs

Primary: Weight loss 24 hrs after 

Secondary: total volume removal at 24 hr and 48 hr, 
global chronic HF and dyspnea assessments, serum 
electrolytes and length of hospital stay

M u l t i c e n t e r 
randomized
controlled trial

B

Costanzo et 
al 200711

n=200

≥18 years of age,
hospitalized for HF, randomized 
within 24 hr of hospitalization,
and hypervolemic by at least 2 
of the following: 1)
peripheral edema ≥2+; 2) 
JVP≥7cm; 3) radiographic 
pulmonary edema or pleural 
effusion;
4) enlarged liver or ascites; or 
5) pulmonary rales, paroxysmal
nocturnal dyspnea, or orthopnea

UF of up to 
500 cc/hr 

vs 

I V  l o o p 
diuretic

Primary efficacy end points: weight loss and patients’ 
dyspnea
assessment 48 hr after
Primary safety
end points: changes in serum BUN;
creatinine; and electrolytes at 8, 24, 48, and 72 hr after
randomization, discharge, 10, 30, and 90 days and 
episodes of hypotension
Secondary efficacy end points: 1) net fluid loss 48 hr 
after randomization; 2) length of
index hospitalization; 3) change in BNP levels at 48 hr 
after randomization, 30, and 90
days; 4) changes in NYHA functional
class,  Minnesota Living with Heart Failure 
Questionnaire
scores, Global Assessment scores, 6-min walk
distance and loop diuretic doses at discharge, 30, and 90
days; and 5) rehospitalizations for HF, percentage of
patients rehospitalized for HF, days of re-hospitalization,
and unscheduled office and emergency department 
visits
within 90 days

P r o s p e c t i v e , 
randomized,
multicenter trial

B

Giglioli et al 
201112

n= 30

≥18 years old, peripheral edema 
≥2+ and at least one of the 
following: (i) pulmonary
rales; (ii) dyspnea, paroxysmal 
nocturnal dyspnea,
orthopnea or tachypnea; (iii) 
third heart sound; (iv) jugular 
venous
distension; (v) positive hepato-
jugular reflux; (vi) maximal 
pulmonary
pressure values >50 mmHg, 
measured by two-dimensional 
echocardiogram;
or (vii) radiographic pleural 
effusions

UF at 100-300 
cc/h 

vs

 continuous IV
i n f u s i o n  o f 
furosemide at 
an initial dose 
of 250 mg/24 
hr

Mean plasma
Creatinine, Na, K, hemoglobin, N-terminal 
prohormone of BNP levels
Mean change in hemodynamic variables
Cumulative fluid loss

R a n d o m i z e d 
controlled trial

B

Table 1. The baseline characteristics of each included studies.10-15

Continue on next page...



1

84PJC  Vol. 41 No.2
July 2013 to December 2013

Effectiveness of Ultrafiltration in the Treatment of ADHF
Cawed et al

Badawy et 
al 201213

n= 40 

Patients with chronic HF stages 
III to IV
according to the NYHA
class system with edema of the 
lower extremities
and at least 1 of the following: 
elevated JVP > 10 cm H2O, 
pulmonary edema or pleural
e f fu s ion  on  ches t  x - ray , 
pulmonary rales, pulmonary 
wedge
or left ventricular end-diastolic 
pressure more than 20 mm
Hg, ascites, or presacral edema

CVVH 100-
300 cc/hr 

vs
 
Furosemide IV 
250mg/24hrs

Primary end points: weight loss and total fluid output

Secondary end points: length of stay in ICU and 30-
day mortality rate

Safety end points: hemodynamic parameters and 
hypotension  

P r o s p e c t i v e , 
r a n d o m i z e d , 
c o m p a r a t i v e 
study

B

Bart et al 
201214

Patients who were hospitalized 
with
ADHF as the primary
diagnosis; at least
2+ peripheral edema, JVP>10 
cm H2O or pulmonary edema
or pleural effusion on chest 
radiography

UF ≥ 200cc/hr 

vs 

IV Furosemide 
80-240mg/day

Primary end point: change in the
serum creatinine level and the change in weight 

Randomized
trial

B

Hanna et al 
201215

n= 36

18 years or older, NYHA class 
III ⁄ IV HF
symptoms with pulmonary 
a r t e r y  c a t h e t e r  i n  s i t u , 
LVEF<40%, mean 
PCWP ≥20 mm Hg

UF at 200-400 
cc/hr 

vs

 IV diuretics

time to discharge
from the hospital; changes in patient
status from baseline (NYHA class, body weight, kidney
function, neurohormones, and cytokines); 90-day 
follow-up for quality of life, survival status, and a 
composite end point comprising hospital readmission,
emergency department visit, or death

s ingle-center, 
p r o s p e c t i v e , 
open-label,
r a n d o m i z e d , 
controlled trial

B

Continued from previous page...

two arms favoring ultrafiltration in terms of lowering serum 
creatinine (WMD -0.96 mg/dL; 95% CI -1.35 to -0.58; p 
<0.00001).12,13,15 The test for heterogeneity was significant 
(chi-square=104.14; p<0.000001; I2=98%), rendering an 
inconclusive result. 

Mortality did not differ significantly between 
ultrafiltration and intravenous loop diuretics (RR 0.76; 
95%CI 0.47 to 1.25; p=0.28) (Figure 5).10,11,13-15 Test for 
heterogeneity among the five studies included were not 
significant (chi-square=0.37; p=0.98; I2=0%). 

DISCUSSION
This meta-analysis showed that ultrafiltration is beneficial 

in reducing systemic congestion as reflected in greater 
mean weight difference from baseline. Analysis of serum 
changes in serum creatinine was inconclusive. Furthermore, 

ultrafiltration was as effective as loop diuretics in terms of 
re-hospitalization and mortality.

Overall, these results indicate that ultrafiltration may 
be an appropriate treatment for volume overload in patients 
with ADHF, especially for those who developed resistance 
to intravenous loop diuretics. 

Our review of the literature has identified several 
significant limitations. The study population of the studies 
included was small and consequently was underpowered to 
detect a clinically significant outcome in some endpoints. All 
studies included were not double-blinded, and some were 
not strictly analyzed as intention to treat. Furthermore, some 
studies also failed to compare the incidence of adverse events 
with the use of ultrafiltration. However, this parameter has 
not been included in this meta-analysis.

In conclusion, ultrafiltration is a useful and effective 

JVP=jugular vein pressure; IV=intravenous; HF=heart failure; UF=ultrafiltration; BUN=blood urea nitrogen; BNP=B-type natriuretic peptide; NYHA=New 
York Heart Association; CVVH=continuous veno-venous hemofiltration; ICU=intensive care unit; ADHF=acute decompensated heart failure; LVEF=left 
ventricular ejection fraction; PCWP=pulmonary capillary wedge pressure.
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Figure 1. Forest plot comparing mean weight loss from ultrafiltration vs IV loop diuretics.
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Figure 2. Forest plot comparing mean weight loss from ultrafiltration vs IV loop diuretics (sensitivity analysis).

Figure 3. Forest plot comparing re-hospitalization rates from ultrafiltration vs IV loop diuretics.

treatment for patients with ADHF who are refractory to 
diuretic therapy; particularly in reducing volume overload 
when compared with use of intravenous loop diuretics. 
However, we were unable to show benefit in improving renal 
function and preventing re-hospitalization vs conventional 

treatments. Hence, ultrafiltration may be an acceptable 
adjunct to current standards for treatment of ADHF 
especially in patients refractory to diuretic therapy. More 
studies would be helpful in further quantifying its benefits 
and possible adverse outcomes. 
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