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Background

Ultrafiltration is an alternative strategy to diuretic therapy for the treatment of pa-
tients with acute decompensated heart failure. Little is known about the efficacy 
and safety of ultrafiltration in patients with acute decompensated heart failure 
complicated by persistent congestion and worsened renal function.

Methods

We randomly assigned a total of 188 patients with acute decompensated heart failure, 
worsened renal function, and persistent congestion to a strategy of stepped pharma-
cologic therapy (94 patients) or ultrafiltration (94 patients). The primary end point 
was the bivariate change from baseline in the serum creatinine level and body weight, 
as assessed 96 hours after random assignment. Patients were followed for 60 days.

Results

Ultrafiltration was inferior to pharmacologic therapy with respect to the bivariate 
end point of the change in the serum creatinine level and body weight 96 hours 
after enrollment (P = 0.003), owing primarily to an increase in the creatinine level 
in the ultrafiltration group. At 96 hours, the mean change in the creatinine level 
was −0.04±0.53 mg per deciliter (−3.5±46.9 μmol per liter) in the pharmacologic-
therapy group, as compared with +0.23±0.70 mg per deciliter (20.3±61.9 μmol per 
liter) in the ultrafiltration group (P = 0.003). There was no significant difference in 
weight loss 96 hours after enrollment between patients in the pharmacologic-ther-
apy group and those in the ultrafiltration group (a loss of 5.5±5.1 kg [12.1±11.3 lb] 
and 5.7±3.9 kg [12.6±8.5 lb], respectively; P = 0.58). A higher percentage of patients 
in the ultrafiltration group than in the pharmacologic-therapy group had a serious 
adverse event (72% vs. 57%, P = 0.03).

Conclusions

In a randomized trial involving patients hospitalized for acute decompensated heart 
failure, worsened renal function, and persistent congestion, the use of a stepped 
pharmacologic-therapy algorithm was superior to a strategy of ultrafiltration for the 
preservation of renal function at 96 hours, with a similar amount of weight loss with 
the two approaches. Ultrafiltration was associated with a higher rate of adverse 
events. (Funded by the National Heart, Lung, and Blood Institute; ClinicalTrials.gov 
number, NCT00608491.)
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T he acute cardiorenal syndrome 
(type 1) is defined as worsening renal 
function in patients with acute decompen-

sated heart failure.1 It occurs in 25 to 33% of 
patients with acute decompensated heart failure 
and is associated with poor outcomes.1,2 Multiple 
processes contribute to the development of the 
acute cardiorenal syndrome, including extrarenal 
hemodynamic changes, neurohormonal activation, 
intrarenal microvascular and cellular dysregula-
tion, and oxidative stress.1 In some cases, intra-
venous diuretics, which are often administered 
in patients with acute decompensated heart fail-
ure,3 may directly contribute to worsening renal 
function.1,4,5 The use of diuretics to treat persis-
tent congestion after the onset of worsening re-
nal function may lead to further kidney injury.

Venovenous ultrafiltration is an alternative ther-
apy in this setting. Potential advantages of ultra-
filtration include greater control over the rate 
and volume of fluid removal, greater net loss of 
sodium, and less neurohormonal activation.6 
Current treatment guidelines state that ultrafil-
tration is a reasonable approach in patients with 
congestion that is not responding to medical 
therapy (class IIa, level of evidence B).3 However, 
little is known about the safety and efficacy of 
ultrafiltration as compared with pharmacologic 
therapy in patients with acute decompensated 
heart failure complicated by acute cardiorenal 
syndrome and persistent congestion.4 Therefore, 
we designed the Cardiorenal Rescue Study in Acute 
Decompensated Heart Failure (CARRESS-HF) to 
compare the effect of ultrafiltration with that of 
stepped pharmacologic therapy on renal function 
and weight loss in patients with heart failure who 
have worsening renal function and persistent 
congestion.7

Me thods

Study Oversight

The National Heart, Lung, and Blood Institute 
(NHLBI)–sponsored Heart Failure Network con-
ceived, designed, and conducted the CARRESS-HF. 
The trial protocol was approved by a protocol re-
view committee and a data and safety monitor-
ing board, both appointed by the NHLBI, and by 
the institutional review board at each participat-
ing site. All study-related activities, including the 
collection and analysis of the data, were coordi-
nated by the data coordinating center at the Duke 
Clinical Research Institute. The first draft of the 

manuscript was written by the first author, and 
the final draft was revised, reviewed, and approved 
by all the authors. All the authors assume re-
sponsibility for the overall content and integrity 
of the article. The authors, steering committee, 
and executive committee of the Heart Failure 
Network made the decision to submit the manu-
script for publication and vouch for the data and 
analysis and for the fidelity of this report to the 
study protocol (which is available with the full 
text of this article at NEJM.org). CHF Solutions 
(Brooklyn Park, MN) provided limited financial 
support for the purchase of ultrafiltration filters 
but had no role in the conduct of the trial, analy-
sis of the data, or interpretation of the results. 
No data or draft of the manuscript was shared 
with CHF Solutions before publication.

Study Design

The design of and rationale for the trial have been 
described previously.7 The CARRESS-HF was a ran-
domized trial that compared ultrafiltration with 
a strategy of diuretic-based stepped pharmaco-
logic therapy. Patients who were hospitalized with 
acute decompensated heart failure as the primary 
diagnosis were eligible for enrollment. There was 
no exclusion criterion that was based on ejection 
fraction. All patients had worsened renal function 
(defined as an increase in the serum creatinine 
level of at least 0.3 mg per deciliter [26.5 μmol per 
liter]) within 12 weeks before or 10 days after the 
index admission for heart failure. All patients 
were required to have at least two of the following 
conditions at the time of randomization: at least 
2+ peripheral edema, jugular venous pressure 
greater than 10 cm of water, or pulmonary edema 
or pleural effusion on chest radiography. Patients 
with a serum creatinine level of more than 3.5 mg 
per deciliter (309.4 μmol per liter) at the time of 
admission and those receiving intravenous vasodi-
lators or inotropic agents were excluded from the 
study. A complete list of the trial inclusion and 
exclusion criteria is provided in the Supplemen-
tary Appendix, available at NEJM.org.

All study participants provided written in-
formed consent before randomization. With the 
use of an automated Web-based system, patients 
were randomly assigned, in a 1:1 ratio, to either 
ultrafiltration therapy or pharmacologic therapy. 
A permuted-block randomization scheme was 
used, with stratification according to clinical site.

For patients assigned to ultrafiltration therapy, 
loop diuretics were to be discontinued for the 
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duration of the ultrafiltration intervention. Fluid 
status was managed by means of ultrafiltration 
with the use of the Aquadex System 100 (CHF 
Solutions) according to the manufacturer’s spec-
ifications. Ultrafiltration was performed at a 
fluid-removal rate of 200 ml per hour. The addi-
tion of intravenous vasodilators or positive ino-
tropic agents after randomization was prohibit-
ed unless they were deemed to be necessary as 
rescue therapy.

For patients assigned to stepped pharmaco-
logic therapy, intravenous diuretics were used to 
manage signs and symptoms of congestion. In-
vestigators were encouraged to decrease doses, 
increase doses, or continue current doses of di-
uretics as necessary to maintain a urine output 
of 3 to 5 liters per day. Recommendations re-
garding the use of intravenous vasodilators and 
inotropic agents for patients in whom the target 
urine output could not be attained were based 
on the individual patient’s blood pressure, ejec-
tion fraction, and the presence or absence of 
right ventricular failure at 48 hours. The details 
of the stepped pharmacologic-therapy algorithm 
are provided in the Supplementary Appendix.

In both groups, the assigned treatment strategy 
was to be continued until the signs and symptoms 
of congestion in the patient were reduced to the 
best extent possible. Crossover was discouraged. 
Diuresis or ultrafiltration could be slowed or tem-
porarily discontinued to address technical prob-
lems or clinical care requirements, as determined 
by the treating physician.

Trial End Points

The primary end point was the change in the 
serum creatinine level and the change in weight, 
considered as a bivariate response, between the 
time of randomization and 96 hours after ran-
domization.7 The use of a bivariate primary end 
point (in which the change in serum creatinine 
level and the change in weight are considered si-
multaneously, with the results displayed on a two-
dimensional grid) was intended to allow for the 
integration of two clinically important outcomes.8 
Secondary end points included the rate of clinical 
decongestion and measures of global well-being 
and dyspnea. Clinical decongestion was defined 
as jugular venous pressure of less than 8 cm of 
water, no more than trace peripheral edema, and 
the absence of orthopnea. Global well-being and 
dyspnea were assessed with the use of a visual-
analogue scale that ranged from 0 to 100, with 

higher scores indicating greater well-being and 
less severity of dyspnea, respectively.9 A complete 
listing of secondary end points is provided in the 
Supplementary Appendix.

Statistical Analysis

On the basis of data from the Ultrafiltration ver-
sus Intravenous Diuretics for Patients Hospital-
ized for Acute Decompensated Congestive Heart 
Failure (UNLOAD) trial,10 the standard deviation 
of the change in weight at 96 hours was esti-
mated to be 3.1 to 3.5 kg (6.8 to 7.7 lb), and the 
standard deviation of the change in the creati-
nine level at 96 hours was estimated to be 0.55 to 
0.75 mg per deciliter (48.6 to 66.3 μmol per liter). 
We estimated that with enrollment of 200 par-
ticipants, the study would have more than 90% 
power to detect a difference of 0.5 SD between 
the treatment groups for each component of the 
bivariate primary end point.

The primary analyses were based on the inten-
tion-to-treat principle. Baseline characteristics 
are presented as means and standard deviations 
or medians and interquartile ranges. The response 
of each patient with respect to the bivariate pri-
mary end point was displayed on a two-dimen-
sional grid representing changes in the creati-
nine level and changes in weight 96 hours after 
randomization. For the comparison of treatment 
groups in the primary analysis, we used a multi-
variate linear-regression model, adjusting for base-
line weight and creatinine level.7 A 95% confi-
dence region (an ellipse) for the mean bivariate 
response (change in creatinine level and change 
in weight) in each treatment group and for the 
average between-group difference in the bivariate 
response was identified with the use of the mul-
tivariate linear-regression model framework.8,11

The primary analysis was based on results of 
creatinine testing performed at the core labora-
tory, when those were available; otherwise, the 
results of testing performed at local laboratories 
were used. Body weight was measured by research 
personnel with the use of a locally available 
scale. Site personnel were encouraged to use the 
same scale for all patients whenever possible 
(and otherwise, the same scale for all weight as-
sessments of a particular patient) and to weigh 
patients in the morning before breakfast, with 
patients wearing hospital gowns and no shoes. 
In the case of patients for whom 96-hour data 
were missing owing to death or early discharge 
from the hospital (13 patients in each treatment 

The New England Journal of Medicine 
Downloaded from nejm.org on November 7, 2012. For personal use only. No other uses without permission. 

 Copyright © 2012 Massachusetts Medical Society. All rights reserved. 



T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

n engl j med nejm.org4

Table 1. Baseline Characteristics of the Patients.*

Characteristic
Pharmacologic Therapy

(N = 94)
Ultrafiltration

(N = 94)

Age — yr

Median 66 69

Interquartile range 57–78 61–78

Male sex — no. (%) 68 (72) 73 (78)

White race — no. (%)† 67 (71) 72 (77)

Weight — lb

Median 234 207

Interquartile range 190–292 172–265

Ejection fraction — %

Median 35 30

Interquartile range 25–55 20–52

Hospitalization for heart failure in previous yr — no./total no. (%) 73/92 (79) 70/93 (75)

Ischemia as cause of heart failure — no. (%) 48 (51) 66 (70)

History of atrial fibrillation or flutter — no. (%) 48 (51) 54 (57)

Diabetes mellitus — no. (%) 63 (67) 61 (65)

Medications received before hospitalization

ACE inhibitor or ARB — no. (%) 49 (52) 52 (55)

Beta-blocker — no. (%) 73 (78) 74 (79)

Aldosterone antagonist — no. (%) 17 (18) 21 (22)

Furosemide-equivalent diuretic

Patients receiving medication — no. (%) 90 (96) 86 (91)

Furosemide-equivalent dose — mg/day

Median 120 120

Interquartile range 80–160 80–240

Blood urea nitrogen — mg/dl

Median 50.5 48.7

Interquartile range 39.0–64.0 39.5–66.0

Creatinine — mg/dl‡

Median 2.09 1.90

Interquartile range 1.71–2.65 1.57–2.37

Qualifying increase in creatinine — mg/dl§

Median 0.46 0.43

Interquartile range 0.37–0.70 0.35–0.60

NT-proBNP — pg/ml¶

Median 4007 5013

Interquartile range 1128–8534 2310–10381

* There were no significant differences between the groups in the baseline characteristics listed here, with the exception 
of ischemia as the cause of heart failure (P = 0.007). ACE denotes angiotensin-converting enzyme, ARB angiotensin-re-
ceptor blocker, and NT-proBNP N-terminal pro–brain natriuretic peptide. To convert the values for creatinine to micro-
moles per liter, multiply by 88.4. To convert the values for blood urea nitrogen to micromoles per liter, multiply by 
0.357. To convert the values for weight to kilograms, multiply by 0.45.

† Race was self-reported.
‡ The creatinine values reflect the results of testing performed at the core laboratory only.
§ The qualifying increases in creatinine level reflect the results of testing performed at local laboratories.
¶ The reference range for NT-proBNP is 5 to 70,000 pg/ml.
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group), the last-observation-carried-forward 
method was used for imputation of data on cre-
atinine level and weight. Two patients who were 
randomly assigned to ultrafiltration were not in-
cluded in the primary end-point analysis owing to 
missing baseline data on creatinine level (1 pa-
tient) or lack of all post-baseline data on creati-
nine level (1 patient). Cumulative event rates for 
secondary end points involving time-to-event 
data were estimated with the use of the Kaplan–
Meier method.12 Hazard ratios, their 95% confi-
dence intervals, and P values for the comparison 
of the two treatment groups were determined 
with the use of the Cox regression model.13 A 
two-sided alpha level of 0.05 was considered to 
indicate statistical significance. All data analy-
ses were conducted with the use of SAS software, 
version 9.2.

R esult s

Patients

Patients were enrolled in the trial between June 
22, 2008, and January 27, 2012, at 22 sites in the 
United States and Canada. Enrollment ended on 
February 3, 2012, on the recommendation of the 
data and safety monitoring board, after 188 of 
the planned 200 patients had been enrolled, be-
cause of a lack of evidence of benefit, as well as 
an excess of adverse events, with ultrafiltration.

A total of 94 patients were enrolled in each 
treatment group. The baseline demographic and 
clinical characteristics are shown in Table 1. The 
median age of the population was 68 years, 75% of 
the patients were men, 85% had hypertension, and 
66% had diabetes mellitus. The median ejection 
fraction was 33%. A total of 77% of the patients 
had been hospitalized for heart failure during the 
previous year. The median time from the index 
hospital admission (the admission qualifying the 
patient for enrollment in the study) to random 
assignment to a treatment group was 34 hours. 
The qualifying serum creatinine value was ob-
tained after admission to the hospital in 95% of 
the participants. The median qualifying increase 
in the creatinine level was 0.45 mg per deciliter 
(39.8 μmol per liter).

Study Treatments

All 94 patients in the pharmacologic-therapy 
group received intravenous diuretics. The medi-
an duration of the stepped pharmacologic-thera-
py intervention was 92 hours (interquartile range, 

56 to 138). The primary reasons that stepped 
pharmacologic therapy was discontinued were 
the following: the best possible fluid volume was 
reached (72% of the patients), the creatinine level 
was increased (12%), there was evidence of intra-
vascular volume depletion (3%), and blood pres-
sure dropped or clinical instability developed 
(2%). Six participants (6%) in the pharmacologic-
therapy group underwent ultrafiltration during 
the first 7 days (two of whom underwent ultrafil-
tration before the primary end-point assessment 
on day 4). In addition to receiving loop diuretics, 
46% of the participants in the pharmacologic-
therapy group received treatment with metola-
zone within the first 7 days, 5% were treated 
with intravenous vasodilators, and 12% were 
treated with intravenous inotropic agents before 
the day 4 assessment.

Ultrafiltration was started a median of 8 hours 
after random assignment, and the median dura-
tion of the treatment was 40 hours (interquartile 
range, 28 to 67). The primary reasons that ultra-
filtration was stopped were the following: the 
best possible fluid volume was reached (50% of 
the patients), the creatinine level was increased 
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Figure 1. Changes in Serum Creatinine and Weight at 96 Hours (Bivariate 
Response).

The ellipses represent the 95% confidence regions and the stars the exact 
values for the mean changes in the serum creatinine level and weight at 96 
hours in the ultrafiltration group and the pharmacologic-therapy group. Data 
from two patients who had been randomly assigned to the ultrafiltration 
group were excluded from the analysis: baseline creatinine measurements 
were missing for one patient, and all post-baseline creatinine measure-
ments were missing for the other patient. To convert the values for creati-
nine to micromoles per liter, multiply by 88.4. To convert the values for 
weight to kilograms, multiply by 0.45.
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(16%), difficulties developed with vascular ac-
cess (9%), and thrombosis of the ultrafiltration 
circuit developed (9%). Eight patients (9%) in the 
ultrafiltration group received intravenous diuret-
ics instead of ultrafiltration, and an additional 
28 (30%) received intravenous diuretics after ul-
trafiltration was stopped and before the 96-hour 
assessment. A total of 3% of the patients re-
ceived vasodilators and 3% received intravenous 
inotropic agents before the day 4 assessment. 
Randomization, treatment, and follow-up of the 
patients are shown in Figure S1 in the Supple-
mentary Appendix.

Primary End Point

There was a significant difference between the 
treatment groups in the bivariate end point of 
change in weight and change in serum creatinine 

level 96 hours after enrollment (P = 0.003) (Fig. 1, 
and Fig. S2 in the Supplementary Appendix). This 
difference was due primarily to an increase in the 
serum creatinine level in the ultrafiltration group. 
At 96 hours, the mean change in the serum cre-
atinine level from the level measured at the time 
of randomization was a decrease of 0.04±0.53 mg 
per deciliter (3.5±46.9 μmol per liter) in the 
pharmacologic-therapy group, as compared with 
an increase of 0.23±0.70 mg per deciliter 
(20.3±61.9 μmol per liter) in the ultrafiltration 
group (P = 0.003). There was no significant dif-
ference between pharmacologic therapy and ul-
trafiltration with respect to the mean weight loss 
96 hours after enrollment (5.5±5.1 kg [12.1±11.3 
lb] and 5.7±3.9 kg [12.6±8.5 lb] in the two 
groups, respectively; P = 0.58).

Secondary End Points

The changes from baseline in the creatinine level 
at 48, 72, and 96 hours and at 60 days differed 
significantly between the patients in the pharma-
cologic-therapy group and those in the ultrafil-
tration group (Fig. 2A). However, there were no 
significant differences between the treatment 
groups at the time of discharge or on day 7, which-
ever occurred first, or at the 30-day assessment. 
There were no significant between-group differ-
ences in weight at any of the time points (Fig. 2B).

The rate of clinical decongestion at 96 hours 
was low in the two treatment groups (9% with 
pharmacologic therapy and 10% with ultrafiltra-
tion, P = 0.83) (Table 2). Within the first 7 days, 
there was no significant difference between the 
groups in the percentage of participants whose 
condition worsened (with worsening condition 
defined as death, worsening or persistent heart 
failure, need for dialysis, or the occurrence of a 
serious adverse event) or who crossed over to 
alternate therapy (18% with pharmacologic ther-
apy and 23% with ultrafiltration, P = 0.45) or the 
change in the furosemide-equivalent dose of di-
uretics (an increase of 2.2 mg per day in the 
pharmacologic-therapy group and a decrease of 
20.6 mg per day in the ultrafiltration group, 
P = 0.18). At 96 hours and at day 7 or hospital 
discharge, there were no significant between-
group differences in scores on the dyspnea and 
global well-being visual-analogue scales (Table 2). 
The total fluid output differed significantly be-
tween the two groups on the second day after 
randomization but not on days 1, 3, or 4 (Fig. S3 
in the Supplementary Appendix).
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The P values were calculated with the use of a Wilcoxon test. The data on creat-
inine levels reflect results from testing in local laboratories only.
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Serious Adverse Events and Clinical 
Outcomes

A higher percentage of patients in the ultrafiltra-
tion group than in the pharmacologic-therapy 
group had a serious adverse event over the 60- 
day period of follow-up (72% vs. 57%, P = 0.03). 
The higher percentage in the ultrafiltration group 
was attributable mainly to higher incidences of  
kidney failure, bleeding complications, and intra-
venous catheter-related complications (Table 3).

The 60-day estimated mortality was 17% in 
the ultrafiltration group, as compared with 13% 
in the pharmacologic-therapy group (P = 0.47) 

(Fig. S4 in the Supplementary Appendix). There 
was no significant difference in the composite 
rate of death or rehospitalization for heart fail-
ure (38% and 35%, respectively; P = 0.96) (Fig. S5 
in the Supplementary Appendix) or in the com-
posite rate of death or rehospitalization for any 
reason (61% and 48%, respectively; P = 0.12) (Fig. 
S6 in the Supplementary Appendix).

Discussion

In CARRESS-HF, we compared ultrafiltration with 
diuretic-based therapy in patients with acute de-

Table 2. Secondary End Points.*

End Point

Pharmacologic 
Therapy
(N = 94)

Ultrafiltration
(N = 94) P Value

Significant body weight loss and renal improvement — no. (%)†

At 96 hr 20 (21) 16 (17) 0.62

At 7 days 20 (21) 15 (16) 0.52

Worsening condition or crossover during the first 7 days — no./ 
total no. (%)‡

17/94 (18) 21/93 (23) 0.45

Clinical decongestion at 96 hr — no./total no. (%)§ 7/80 (9) 8/82 (10) 0.83

Change in sodium from baseline to 96 hr — mmol/liter 0.0±3.6 −2.3±3.5 <0.001

Change in hemoglobin from baseline to 96 hr — g/dl 0.38±0.76 −0.01±0.92 0.002

Change in NT-proBNP from baseline to 96 hr — pg/ml −979±2902 −814±9239 0.30

Change in cystatin C from baseline to 96 hr — mg/liter 0.14±0.52 0.22±0.52 0.37

Change in blood urea nitrogen from baseline to 96 hr — mg/dl 5.68±18.29 12.54±24.81 0.02

Change in glomerular filtration rate from baseline to 96 hr — ml/
min/1.73 m2

1.67±10.94 0.93±14.60 0.66

Change in score on global well-being scale from baseline to 96 hr¶ 22.8±25.8 13.7±27.9 0.33

Change in score on dyspnea assessment scale from baseline  
to 96 hr¶

20.5±27.8 16.5±29.2 0.57

Total net fluid loss from randomization to 96 hr — ml 7082±4183 7443±4329 0.59

Change in furosemide-equivalent dose from preadmission to discharge 
— mg/day

2.2±166.5 −20.6±116.0 0.18

Death — no. (%) 13 (14) 16 (17) 0.55

Hospitalization — no./total no. (%)

For heart failure 24/93 (26) 23/90 (26) 0.97

For any cause 37/93 (40) 46/90 (51) 0.12

Unscheduled emergency department or clinic visit — no./total no. (%) 13/93 (14) 19/90 (21) 0.21

* Plus–minus values are means ±SD.
† Significant weight loss was defined as a loss of 3 kg (6.6 lb) or more; significant renal improvement was defined as a 

decrease in the creatinine level of 0.3 g per deciliter (27 μmol per liter) or more.
‡ Worsening condition was defined as death, worsening or persistent heart failure, need for dialysis, or the occurrence of 

a serious adverse event.
§ Clinical decongestion was defined as jugular venous pressure of less than 8 cm of water, no more than trace peripheral 

edema, and the absence of orthopnea.
¶ Global well-being and dyspnea were assessed with the use of a visual-analogue scale that ranged from 0 to 100, with 

higher scores indicating greater well-being and lesser severity of dyspnea, respectively.9
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compensated heart failure and worsened renal 
function. The serum creatinine level 96 hours af-
ter enrollment was significantly increased in the 
ultrafiltration group as compared with the phar-
macologic-therapy group but the weight loss was 
not significantly greater. There were also no sig-
nificant between-group differences in weight loss, 
mortality, or the rate of hospitalization for heart 
failure during the 60-day follow-up period. Given 
the high cost and complexity of ultrafiltration, 
the use of this technique as performed in the 
current study does not seem justified for patients 
hospitalized for acute decompensated heart fail-
ure, worsened renal function, and persistent con-
gestion.

The reason for the early rise in the creatinine 
level in the patients who underwent ultrafiltration 
is unclear. It is possible that these patients had 
transient intravascular volume depletion during 
ultrafiltration. Previous studies examining plas-
ma refill rates in patients with heart failure have 
shown that rates of volume removal greater than 
200 ml per hour, which was the rate used in our 
trial, are not associated with adverse effects.14 
The duration of ultrafiltration was longer in the 
present study than it was in other trials,10,14,15 a 
fact that may have contributed to the increase in 
the creatinine level at 96 hours in the patients 
who received this treatment. At 30 days and at 
60 days, the mean creatinine level was below 

the baseline level in both treatment groups. The 
lesser reduction in the creatinine level in the 
ultrafiltration group may be real, but it may also 
represent a chance finding or an imbalance in 
baseline features between the two treatment 
groups, or it may be the result of other events 
influencing kidney function that may have oc-
curred after the patients’ discharge from the 
hospital.

On the basis of prior studies of the use of 
ultrafiltration in patients with acute decompen-
sated heart failure,10,15,16 we anticipated that the 
patients in the ultrafiltration group would lose 
more weight than would those in the pharmaco-
logic-therapy group. Ultrafiltration was discontin-
ued early owing to multiple reasons other than 
attainment of a satisfactory fluid volume, a find-
ing that shows the complexity of the use of ul-
trafiltration in patients with acute decompen-
sated heart failure and the cardiorenal syndrome. 
Patients in the pharmacologic-therapy group had 
substantial diuresis as a result of the aggressive 
use of diuretics and adjuvant therapies.

The rates of death and rehospitalization did not 
differ significantly between the two treatment 
strategies, despite the increase in the creatinine 
level at 96 hours in the ultrafiltration group. 
Several retrospective studies have shown an as-
sociation between worsening renal function and 
poor outcomes.17-19 Other trials, however, indi-
cate that the relationships among the degree of 
clearing of congestion, changes in renal func-
tion, and outcomes are less clear.10,20-23 In the 
Diuretic Optimization Strategies Evaluation 
(DOSE) trial, worsening renal function in the 
high-dose furosemide group was not associated 
with worse outcomes.20 In the UNLOAD trial, a 
trend toward worsening renal function and 
greater weight loss in the ultrafiltration group 
was associated with a reduction in the rate of 
hospitalization for heart failure.10 The relation-
ships among changes in renal function, degree 
of clearing of congestion, and outcomes in pa-
tients with acute decompensated heart failure 
are complex and require more study. In our trial, 
the rates of death or rehospitalization at 60 days 
were very high, showing the need for better 
therapies for this patient population.

Our study has several limitations. First, al-
though the trial was randomized, the treatment 
assignments were not blinded, and biases on the 
part of study investigators may have affected the 

Table 3. Serious Adverse Events.

Event

Pharmacologic 
Therapy
(N = 94)

Ultrafiltration
(N = 94)

no. of patients (%)

Any 54 (57) 68 (72)

Heart failure 28 (30) 31 (33)

Other cardiovascular disorder 5 (5) 6 (6)

Renal failure 14 (15) 17 (18)

Anemia or thrombocytopenia 5 (5) 8 (9)

Catheter-site hemorrhage 0 2 (2)

Electrolyte disorder* 3 (3) 0

Gastrointestinal hemorrhage 3 (3) 7 (7)

Pneumonia or other respiratory disorder 6 (6) 10 (11)

Sepsis, bacteremia, or cellulitis 4 (4) 8 (9)

Other 19 (20) 17 (18)

* Included in this category are hyperkalemia, hypokalemia, hypernatremia, hypo-
natremia, and hyperuricemia.
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duration or relative intensity of ultrafiltration 
and pharmacologic therapy. Second, the safest 
and most effective rates of fluid removal, the 
duration of therapy, and the conditions for ter-
mination of ultrafiltration are unknown. A dif-
ferent intensity of ultrafiltration might have re-
sulted in more fluid loss in the ultrafiltration 
group; however, the effect of a different inten-
sity on renal function and outcomes is un-
known. Finally, the results of the strategies 
tested here may not apply to other patient popu-
lations with acute decompensated heart failure, 
such as patients with less severe cardiorenal 
syndrome.

In summary, we conducted a randomized trial 
involving patients hospitalized for acute decom-
pensated heart failure, worsened renal function, 
and persistent congestion. We found that the use 
of a stepped pharmacologic-therapy algorithm 

was superior to a strategy of ultrafiltration for 
the preservation of renal function, with the 
amount of weight loss at 96 hours similar with 
the two approaches. Ultrafiltration was associ-
ated with higher rates of adverse events.
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