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Heart Failure

Ultrafiltration Versus Intravenous Diuretics for
Patients Hospitalized for Acute Decompensated Heart Failure
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Objectives This study was designed to compare the safety and efficacy of veno-venous ultrafiltration and standard intrave-
nous diuretic therapy for hypervolemic heart failure (HF) patients.

Background Early ultrafiltration may be an alternative to intravenous diuretics in patients with decompensated HF and volume overload.

Methods Patients hospitalized for HF with �2 signs of hypervolemia were randomized to ultrafiltration or intravenous di-
uretics. Primary end points were weight loss and dyspnea assessment at 48 h after randomization. Secondary
end points included net fluid loss at 48 h, functional capacity, HF rehospitalizations, and unscheduled visits in
90 days. Safety end points included changes in renal function, electrolytes, and blood pressure.

Results Two hundred patients (63 � 15 years, 69% men, 71% ejection fraction �40%) were randomized to ultrafiltra-
tion or intravenous diuretics. At 48 h, weight (5.0 � 3.1 kg vs. 3.1 � 3.5 kg; p � 0.001) and net fluid loss (4.6
vs. 3.3 l; p � 0.001) were greater in the ultrafiltration group. Dyspnea scores were similar. At 90 days, the ultrafiltra-
tion group had fewer patients rehospitalized for HF (16 of 89 [18%] vs. 28 of 87 [32%]; p � 0.037), HF rehospitaliza-
tions (0.22 � 0.54 vs. 0.46 � 0.76; p � 0.022), rehospitalization days (1.4 � 4.2 vs. 3.8 � 8.5; p � 0.022) per pa-
tient, and unscheduled visits (14 of 65 [21%] vs. 29 of 66 [44%]; p � 0.009). No serum creatinine differences
occurred between groups. Nine deaths occurred in the ultrafiltration group and 11 in the diuretics group.

Conclusions In decompensated HF, ultrafiltration safely produces greater weight and fluid loss than intravenous diuretics,
reduces 90-day resource utilization for HF, and is an effective alternative therapy. (The UNLOAD trial; http://
clinicaltrials.gov/ct/show/NCT00124137?order�1; NCT00124137). (J Am Coll Cardiol 2007;49:675–83)
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In the U.S., 90% of the one million annual
hospitalizations for heart failure (HF) are due
to symptoms of volume overload (1,2). Hyper-
volemia contributes to HF progression and
mortality (3–5). Treatment guidelines recom-
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Intravenous loop diuretics in-
duce a rapid diuresis that reduces
lung congestion and dyspnea (7).
However, loop diuretics’ effec-
tiveness declines with repeated

xposure (8). Unresolved congestion may contribute to high
ehospitalization rates (3). Furthermore, loop diuretics may
e associated with increased morbidity and mortality attrib-
table to deleterious effects on neurohormonal activation,
lectrolyte balance, and cardiac and renal function (7–10).

Ultrafiltration is an alternative method of sodium and
ater removal that safely improves hemodynamics in pa-

ients with HF (11–14). Application of this technology has
een limited by the need for high flow rates, large extracor-

Baseline Characteristics

Table 1 Baseline Characteristics

Characteristic

Age (yrs)

Mean � SD

Range

Male gender (%)

Race

Caucasian (%)

African American (%)

Comorbidities

History of hypertension (%)

Coronary artery disease (%)

Chronic obstructive pulmonary disease (%)

Diabetes (%)

Heart failure characteristics

Prior heart failure (%)

Hospitalizations for heart failure in �12 months

Mean � SD

Range

Left ventricular ejection fraction �40% (%)

Third heart sound (%)

Jugular venous distension �10 cm (%)

Pulmonary rales (%)

Peripheral edema (%)

New York Heart Association functional class

Mean � SD

Range

III (%)

IV (%)

Minnesota Living with Heart Failure score

Mean � SD

Range

Vital signs

Weight (kg)

Mean � SD

Range

Systolic blood pressure (mm Hg)

Mean � SD

Range

Heart rate (beats/min)

Mean � SD

Range

Abbreviations
and Acronyms

HF � heart failure
oreal blood volumes, and large-bore central venous cathe-
ers. A modified ultrafiltration device has overcome these
imitations (14–16). We tested the hypothesis that ultrafil-
ration may be a safe and effective alternative to intravenous
iuretics in the treatment of decompensated HF.

ethods

he UNLOAD (Ultrafiltration versus Intravenous Diuret-
cs for Patients Hospitalized for Acute Decompensated
ongestive Heart Failure) trial was a prospective, random-

zed, multicenter trial of early ultrafiltration versus intrave-
ous diuretics in patients hospitalized with HF and hyper-
olemia. Patients were enrolled from June 2004 until July

rafiltration
n � 100)

Standard Care
(n � 100) p Value

62 � 15 63 � 14 0.823

27–86 23–88

0 (70) 68 (68) 0.879

5 (55.0) 52 (52.0)

1 (41.0) 40 (40.0) 0.489

4 (74.0) 74 (74.0) 1.000

6 (56.0) 48 (48.0) 0.474

7 (27.0) 30 (30.0) 0.755

0 (50.0) 50 (49.0) 0.887

5 (95.0) 95 (95.0) 1.000

n � 89 n � 90

.6 � 1.9 1.5 � 1.7 0.981

0–10 0–10

1 (71.0) 70 (70.0) 0.736

4 (44.0) 32 (32.0) 0.109

8 (68.0) 62 (62.0) 0.363

9 (59.8) 51 (51.3) 0.343

1 (81.0) 79 (79.0) 0.860

.4 � 0.6 3.4 � 0.6 0.861

2–4 2–4

2 (52) 48 (48)

5 (45) 45 (45)

n � 81 n � 72

70 � 23 74 � 18 0.707

4–105 36–105

n � 100 n � 99

01 � 27 96 � 29 0.194

51–198 51–210

n � 100 n � 100

26 � 26 129 � 24 0.233

80–221 90–214

n � 100 n � 100

81 � 17 83 � 16 0.381

50–134 44–131
Ult
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005 at 28 U.S. centers experienced in the use of the Aquadex
ystem 100 (CHF Solutions, Minneapolis, Minnesota) after
pproval by the institutions’ ethics committees and patients’
ritten informed consent were obtained. Treatment was not
linded. Prespecified follow-up was 90 days.
atients. Eligible patients were at least 18 years of age,
ospitalized for HF, randomized within 24 h of hospital-

zation, and hypervolemic by at least 2 of the following: 1)
eripheral edema �2�; 2) jugular venous distension �7
m; 3) radiographic pulmonary edema or pleural effusion;
) enlarged liver or ascites; or 5) pulmonary rales, paroxys-
al nocturnal dyspnea, or orthopnea. By study design, there
as no ejection fraction inclusion criterion. Patients were

xcluded for: 1) acute coronary syndrome, 2) serum creatinine
3.0 mg/dl, 3) systolic blood pressure �90 mm Hg,

) hematocrit �45%, 5) unattainable venous access,
) requirement for intravenous pressors, 7) vasoactive drug use
uring the index hospitalization before trial entry, 8) use of

odinated radiocontrast material, 9) comorbidities expected to
rolong hospitalization, 10) contraindications to anticoagula-
ion, 11) systemic infection, or 12) heart transplant.
tudy procedures. All patients received daily 2 g sodium

Continued

Table 1 Continued

Characteristic

Laboratory measurements

Blood urea nitrogen (mg/dl)

Mean � SD

Range

Serum creatinine (mg/dl)

Mean � SD

Range

Serum sodium (mg/dl)

Mean � SD

Range

Serum potassium (mg/dl)

Mean � SD

Range

B-type natriuretic peptide level (pg/ml)

Mean � SD

Range

Hematocrit (%)

Mean � SD

Range

Medications

Angiotensin-converting enzyme inhibitors (%)

Angiotensin receptor blockers (%)

Beta-blockers (%)

Calcium channel blockers (%)

Aldosterone antagonists (%)

Loop diuretics (%)

Furosemide-equivalent diuretic dose* (mg)

Mean � SD

Range

*1 mg bumetamide � 10 mg torsemide � 20 mg furosemide.
nd 2,000 ml fluid intake restriction. Angiotensin- b
onverting enzyme inhibitors, angiotensin receptor blockers,
nd beta-blockers were continued throughout the study, as
olerated, in all patients. Patients requiring intravenous
asoactive drugs (nitroglycerin, nesiritide, dobutamine, do-
amine, or milrinone) in the first 48 h after randomization
or worsening HF or urine output �30 ml/h were consid-
red to have treatment failure but were followed for 90 days.
atients were randomized through a secure website.
Patients randomized to ultrafiltration were treated

ith heparin according to standard protocols to maintain
he activated clotting time between 180 and 220 s or the
artial thromboplastin time between 65 and 85 s. Intra-
enous access for blood withdrawal and return was
btained using any combination of peripheral, midline,
nd central venous catheters. The ultrafiltration proce-
ure has been previously described (14). During the first
8 h after enrollment, hypervolemia was treated exclusively
ith ultrafiltration and intravenous diuretics were prohibited.
he duration and rate (up to 500 ml/h) of fluid removal were
ecided by treating physicians. The ultrafiltration device con-
ists of a 0.12-m2 polysulphone filter with a blood flow
djustable between 10 and 40 ml/min and total extracorporeal

rafiltration
n � 100)

Standard Care
(n � 100) p Value

n � 99 n � 100

32 � 16 33 � 20 0.920

7–85 8–102

n � 99 n � 100

.5 � 0.5 1.5 � 0.5 0.834

.7–2.8 0.5–2.7

n � 100 n � 100

39 � 5 139 � 5 0.751

25–147 121–151

n � 99 n � 100

.0 � 0.6 4.2 � 0.6 0.028

.0–5.9 3.0–6.3

n � 71 n � 81

56 � 1,203 1,309 � 1,494 0.840

8–5,000 5–9,791

n � 99 n � 100

36 � 5 36 � 6 0.643

25–47 12–51

9 (49.0) 49 (49.0) 1.000

4 (14.0) 19 (19.0) 0.446

5 (65.0) 66 (66.0) 1.000

8 (8.0) 8 (8.0) 1.000

1 (21.0) 22 (22.0) 0.864

2 (72.0) 77 (77.0) 0.517

n � 72 n � 77

29 � 122 119 � 116 0.559

20–800 20–800
Ult
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Patients randomized to standard care were treated with
ntravenous diuretics. By protocol, minimum intravenous
iuretics doses for each 24-h period beginning with the time
f randomization and ending at 48 h after randomization
ad to be at least twice the before-hospitalization daily
ral dose. Loop diuretic doses are referenced to their
urosemide-equivalent dose (1 mg bumetamide � 10 mg
orsemide � 20 mg furosemide) (17).
ssessments and follow-up. Weight was measured in
ilograms using appropriately calibrated scales at random-
zation; daily during hospitalization; at discharge; and days
0, 30, and 90. Weight loss was the difference between
andomization weight and the weight recorded at subse-
uent evaluations. Total fluid intake and output (ultrafiltrate
nd urine) measured during the first 48 h after randomiza-
ion were used to calculate net fluid losses.

Assessments during the study included patients’ percep-
ion of dyspnea (Likert scale from 1 � markedly worse to

� markedly better) at 48 h after randomization; vital
igns, complete blood count, chemistries, and physical
xaminations daily during hospitalization, at discharge, and
ays 10, 30, and 90 after randomization; B-type natriuretic
eptide levels measured at each center using the Triage
NP Test (Biosite Inc., San Diego, California) at trial
ntry, 48 h after randomization, and at 30 and 90 days (18);
ew York Heart Association functional class; 6-min walk

istance (in meters) (19); quality of life (Minnesota Living
ith Heart Failure Questionnaire scores [20]); and Global
ssessment (from 1 � markedly worse to 7 � markedly
etter) at discharge and at 30 and 90 days.
Investigators reported all rehospitalizations for HF and

heir duration, unscheduled office and emergency depart-
ent visits, and all adverse events during the 90-day

ollow-up period.
nd points. The primary efficacy end points in the
NLOAD trial were weight loss and patients’ dyspnea

ssessment 48 h after randomization. The primary safety
nd points were: 1) changes in serum blood urea nitrogen,
reatinine, and electrolytes at 8, 24, 48, and 72 h after
andomization, discharge, 10, 30, and 90 days; and 2)
pisodes of hypotension (a decrease in systolic blood
ressure requiring therapeutic intervention) at 48 h after
andomization. The secondary efficacy end points were:
) net fluid loss 48 h after randomization; 2) length of
ndex hospitalization; 3) change in B-type natriuretic
eptide levels at 48 h after randomization, 30, and 90
ays; 4) changes in New York Heart Association func-
ional class, Minnesota Living with Heart Failure Ques-
ionnaire scores, Global Assessment scores, 6-min walk
istance and loop diuretic doses at discharge, 30, and 90
ays; and 5) rehospitalizations for HF, percentage of
atients rehospitalized for HF, days of rehospitalization,
nd unscheduled office and emergency department visits
ithin 90 days. Cause of death was adjudicated by 2
ndependent observers. 1
CHF Solutions funded the trial and provided a study
anager. All data were entered by the investigators, sent to
data-management group, and verified with source docu-
ents. Investigators had complete access to the database

nd directed all statistical analyses, which were performed
y an independent statistician.
tatistical analysis. Differences between treatment groups
ere evaluated using the Fisher exact test for categorical
ariables and Wilcoxon’s rank-sum test for continuous and
rdinal variables. The effects of covariates on weight loss at
8 h were tested using analysis of variance. Change over
ime within treatment groups was tested using Wilcoxon’s
atched-pairs signed-ranks test. Correlations were calcu-

ated using Spearman’s rho. A p value (2-tailed) �0.05 was
onsidered statistically significant. Kaplan-Meier analysis
as used to analyze time until rehospitalization, and Cox’s

egression was used to estimate univariate hazard ratios and
heir confidence intervals.

esults

ne hundred patients were randomized to each treatment
rm and followed for 90 days or until death. Twenty
atients (10%) died by 90 days. Baseline characteristics were
imilar (Table 1). In the ultrafiltration group, fluid was
emoved at an average rate of 241 ml/h for 12.3 � 12 h. In
he standard-care group, average intravenous furosemide-
quivalent daily diuretic dose during the 48 h after random-
zation was 181 � 121 mg. Of the patients randomized to
tandard care, 68 received intravenous diuretics as bolus
njections and 32 as continuous infusion.
rimary efficacy end points. At 48 h, weight loss was
reater in the ultrafiltration than in the standard-care group
5.0 � 3.1 kg [range 14.1 loss to 1.3 gain] vs. 3.1 � 3.5 kg
range 11.3 loss to 2.5 gain]; p � 0.001) (Fig. 1A). Dyspnea
core at 48 h improved to a similar degree in the 2 groups
Fig. 1B). Dyspnea scores were similarly improved in the
ltrafiltration and standard-care group also at 8 h after
andomization (5.4 � 1.1 [range 3 to 7] vs. 5.2 � 1.2 [range
to 7]; p � 0.588). Subgroup analyses revealed no hetero-

eneity in the effect of ultrafiltration on 48-h weight loss.
ewer patients in the ultrafiltration group required vasoac-

ive drugs at 48 h (3 of 8 [3.1%] vs. 12 of 99 [12%]; p �
.015). In both groups, a significant correlation existed
etween the 48-h weight and fluid loss (r � �0.60 and
0.40, respectively, p � 0.001). There was no correlation,

owever, between the 48-h dyspnea score and either 48-h
eight or fluid loss.
rimary safety end points. Changes in serum creatinine
ere similar in the 2 groups throughout the study (Fig. 1C).
he percentage of patients with rises in serum creatinine

evels �0.3 mg/dl was similar in the ultrafiltration and
tandard-care group at 24 h (13 of 90 [14.4%] vs. 7 of 91
7.7%]; p � 0.528); at 48 h (18 of 68 [26.5%] vs. 15 of 74
20.3 %]; p � 0.430); and at discharge (19 of 84 [22.6%] vs.

7 of 86 [19.8%]; p � 0.709). There was no correlation
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etween net fluid removed and changes in serum creatinine
n the ultrafiltration (r � �0.050; p � 0.695) or in the
ntravenous diuretics group (r � 0.028; p � 0.820). No
linically significant changes in serum blood urea nitrogen,
odium, chloride, and bicarbonate occurred in either group.
erum potassium �3.5 mEq/l occurred in 1 of 77 patients
1%) in the ultrafiltration group and in 9 of 75 patients

Figure 1 Primary Efficacy and Safety End Points

(A) Mean weight loss in kilograms; (B) mean dyspnea score (from 1 � markedly w
circles) and standard-care (red circles) groups; p values are for the comparison b
(CIs). (C) Mean changes from baseline serum creatinine levels at 8, 24, 48, and
(red bars) and standard-care (blue bars) groups. Error bars indicate 95% CIs. Diff
sum test; p � 0.05 at all time points for the comparison of mean change in serum
12%) in the diuretics group (p � 0.018). Episodes of N
ypotension during 48 h after randomization were similar (4
f 100 [4%] vs. 3 of 100 [3%]).
econdary end points. Net fluid loss 48 h after random-

zation was greater in the ultrafiltration than in the
tandard-care group (4.6 � 2.6 1 vs. 3.3 � 2.6 l; p � 0.001).
engths of index hospitalization were comparable (6.3 �
.9 days vs. 5.8 � 3.8 days; p � 0.979). At each assessment,

to 7 � markedly better) at 48 h after randomization in the ultrafiltration (blue
n ultrafiltration and standard care. Error bars indicate 95% confidence intervals
fter randomization; at discharge; and 10, 30, and 90 days in the ultrafiltration
s between groups at each time point were evaluated with the Wilcoxon’s rank-
tinine levels between groups.
orse
etwee
72 h a
erence

crea
ew York Heart Association functional class, Minnesota
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iving with Heart Failure scores, 6-min walk distance,
lobal Assessment scores, and B-type natriuretic peptide

evels were similarly improved in the 2 groups. Although
0% of patients in each group were discharged with oral
oop diuretics, compared with baseline, oral furosemide-
quivalent doses tended to decrease more in the ultrafiltra-
ion than in the standard-care group at discharge (14 � 68
g decrease vs. 11 � 61 mg increase; p � 0.058), at 10 days

11 � 79 mg decrease vs. 12 � 53 mg increase; p � 0.049),
nd this trend continued at 30 and 90 days.

At 90 days, the ultrafiltration group had fewer patients
ehospitalized for HF (16 of 89 [18%] vs. 28 of 87 [32%];
� 0.037), HF rehospitalizations (0.22 � 0.54 vs. 0.46 �

.76; p � 0.022), and rehospitalization days (1.4 � 4.2 vs.

.8 � 8.5; p � 0.022) per patient and fewer unscheduled
ffice and emergency department visits (14 of 65 [21%] vs.
9 of 66 [44%]; p � 0.009). Kaplan-Meier analysis dem-
nstrated a greater freedom from rehospitalization in 90
ays for the ultrafiltration group (p � 0.037) (Fig. 2). Use
f ultrafiltration during the index hospitalization was asso-
iated with a 53% reduction in the risk of rehospitalization
or HF (hazard ratio 0.5625, 95% confidence interval
.2848 to 0.5086; p � 0.0367). Furthermore, compared to
ntravenous diuretics, ultrafiltration resulted in hazard ratios
onsistently below 1.0 for HF rehospitalization according to
elected baseline characteristics (Fig. 3).

There were 9 deaths (9.6%) in the ultrafiltration group
ue to HF (n � 3), renal failure (n � 1), and causes
nrelated to HF or treatment (n � 5). Eleven patients
11.6%) died in the standard-care group because of HF (n �
), myocardial infarction (n � 1), other causes (n � 3), and
nknown causes (n � 2).

Figure 2 Freedom From Heart Failure Rehospitalization

Kaplan-Meier estimate of freedom from rehospitalization for heart failure within 90
in the ultrafiltration (red line) and standard care (blue line) groups.
dverse events. Adverse events are shown in Table 2.
ive ultrafiltration filters clotted in 2 patients, but treat-
ent was completed after filter replacement. Transient

iscomfort at the venous access site occurred in 3
ltrafiltration patients. One central venous catheter in-
ection occurred in the ultrafiltration group. One patient
eceived hemodialysis because volume overload was re-
ractory to ultrafiltration. Fewer bleeding events (p �
.032) occurred in the ultrafiltration group (1 gastroin-
estinal bleeding 7 days after randomization) than in the
tandard-care group (gastrointestinal bleeding [n � 5],
ematuria [n � 1], and ocular hemorrhage [n � 1] 1 to
0 days after randomization).

iscussion

he UNLOAD trial is the first randomized comparison of
ntravenous diuretic therapy alone against an alternative
herapy, ultrafiltration, in hypervolemic HF patients. The
rincipal findings of this trial are: 1) in hypervolemic HF
atients ultrafiltration produces greater weight and fluid loss
han intravenous diuretics at the doses used in this trial; 2)
olume removal with ultrafiltration at the index hospitaliza-
ion was associated with significant reductions in the rate
nd length of rehospitalization and unscheduled medical
isits for HF; and 3) the benefit of short-term ultrafiltration
ver 90 days was achieved without significant adverse
ffects.

The results of the UNLOAD trial expand those of a pilot
tudy in which patients randomized to a single 8-h course of
ltrafiltration plus usual care had greater weight and fluid loss
t 24 h than usual-care patients (15).

after discharge
days
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Weight changes were highly variable in both the ultra-
ltration and intravenous diuretics groups. This finding is
onsistent with the data from the Acute Decompensated
eart Failure National Registry showing that, during hos-

italizations for decompensated HF, changes in weight
ange from a loss of 20 lbs to a gain of more than 10 lbs (2).
n the UNLOAD trial, fewer patients gained weight in the

Figure 3 Hazard Ratios for Heart Failure Rehospitalization Acco

Cox proportional hazards analysis estimate of hazard ratios and their 95% confide
for rehospitalization owing to heart failure according to selected baseline characte
ltrafiltration group than in the standard-care group at 48 h d
3 of 83 [3.6%] vs. 16 of 84 [19%]; p � 0.003), and this
rend persisted at discharge (4 of 89 [4.5%] vs. 10 of 87
11.5%]; p � 0.101).

The similar improvement in dyspnea, quality of life,
unctional status, and biomarkers in the 2 treatment groups,
espite greater weight and fluid loss with ultrafiltration,
uggest that such measures are unable to quantify significant

to Selected Baseline Characteristics

ervals (CIs)
of the study patients.
rding

nce int
ristics
ifferences in volume changes and lack the sensitivity to
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redict long-term outcomes. Indeed, compared to intrave-
ous diuretics, ultrafiltration was associated with a 44%
eduction in the percentage of patients rehospitalized for

F, more than 50% reduction in the number and length of
F rehospitalizations, and in the occurrence of unscheduled
edical visits for HF. The inability to demonstrate a shorter

ndex hospitalization with ultrafiltration may be related to
he lack of specific criteria for discharge in the study
rotocol or to the open-label design of the study. Patients
ndergoing ultrafiltration may have been observed for a
onger period of time owing to physicians’ lesser familiarity
ith this therapy. Alternatively, fluid removal may not be

he sole determinant for discharge of hypervolemic HF
atients.
Improved 90-day event rates in the ultrafiltration group

uggest a link between volume reduction during hospital-
zation and subsequent clinical events. A possible explana-
ion is that for similar volumes of fluid removed, ultrafiltra-
ion removes more total body sodium (7). Because sodium
nd its anion are the major determinants of extracellular
uid volume, total body fluid volume can be reduced more
y ultrafiltration than by diuretics (7). Indeed, urine pro-
uced by loop diuretics is hypotonic compared to plasma,
hereas ultrafiltrate is iso-osmotic and isonatremic. Fur-

hermore, unlike diuretics, ultrafiltration does not decrease
odium presentation to the macula densa and thus avoids
eurohormonally mediated sodium and water reabsorption
21). In 16 HF patients treated with either ultrafiltration or
iuretics to achieve equivalent fluid removal, sustained
emodynamic and neurohormonal benefits occurred only in
he ultrafiltration group because isotonic fluid was removed
ithout protracted intravascular volume depletion (22,23).
Improved outcomes following ultrafiltration could also be

ue to reduced exposure to diuretics (22). Indeed, discharge
ral diuretic doses were reduced in the ultrafiltration
roup and increased in the standard-care group. These

dverse Events

Table 2 Adverse Events

Ultrafiltration Standard Care p Value

Catheter/needle site 3 0 0.156

Filter 5 NA NA

Infection

Catheter-related 1 0 0.315

Other 4 9 0.202

Bleeding 1 7 0.032

Hypotension 22 10 0.113

Anemia 3 0 0.080

Dialysis 1 0 0.315

Worsening heart failure 39 63 0.094

Myocardial infarction 3 2 0.988

Arrhythmias 10 7 0.968

Cardiac arrest 4 6 0.987

Neurologic 5 15 0.070

A � not applicable.
bservations suggest that a strategy of early ultrafiltration
6

nd “diuretic holiday” may improve responsiveness to
iuretics (23).
The safety of ultrafiltration in the UNLOAD trial con-

rms previous observations (14 –16). Renal function
hanges were modest and similar in the 2 groups throughout
he study. In addition, the lack of correlation between
eight removed and serum creatinine changes suggests that

ntravenous diuretics may independently contribute to renal
ysfunction, which, in turn, may accelerate HF progression
24,25). In a porcine HF model, furosemide shortened time
o left ventricular dysfunction independent of cardiac pre-
oad (26). Ultrafiltration was also associated with fewer
pisodes of hypokalemia, an electrolyte disturbance that
ncreases morbidity and mortality in HF patients (10).
tudy limitations. The treatment targets for both diuretics
nd ultrafiltration were not prespecified. Although treat-
ent was not blinded, it is unlikely that a placebo effect

nfluenced either weight loss or the improved 90-day out-
omes associated with ultrafiltration. The possibility that
tandard-care patients were inadequately treated is dimin-
shed by the observation that improvements in symptoms of

F, biomarkers, and quality of life were similar in the 2
reatment groups throughout the study. Furthermore, 43%
f patients in the standard-care group lost at least 4.5 kg
uring hospitalization, a weight loss greater than that
bserved in 75% of patients enrolled in the Acute Decom-
ensated Heart Failure National Registry (2).
Although the study did not include measurements of

lood volume, plasma refill rate, interstitial salt and water,
ardiac performance, or hemodynamics, ultrafiltration was
ot associated with excessive hypotension or renal or elec-
rolyte abnormalities.

The economic impact of ultrafiltration as an initial
trategy for decompensated HF was also not addressed in
his trial. Although the costs associated with ultrafiltration
uring the index hospitalization may exceed those of intra-
enous diuretics, total cost over time may be lower because
f decreased resource utilization for HF.
onclusions. In summary, the UNLOAD trial conclu-

ively shows that early ultrafiltration safely produces greater
eight and fluid loss than intravenous loop diuretics in
ypervolemic HF patients. Ultrafiltration significantly de-
reased rehospitalizations for HF and unscheduled medical
isits. The cost-effectiveness of ultrafiltration is not estab-
ished; however, this treatment may have favorable eco-
omic implications for patients and payers owing to reduced
esource utilization after the index hospitalzation. Mecha-
isms linking different methods of fluid removal to clinical
enefit deserve further study.
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R

1

1

1

1

1

1

1

1

1

1

2

2

2

2

2

2

2

F

683JACC Vol. 49, No. 6, 2007 Costanzo et al.
February 13, 2007:675–83 Ultrafiltration Versus Diuretics in HF
EFERENCES

1. Thom T, Haase N, Rosamond W, et al. Heart disease and stroke
statistics—2006 update. A report from the American Heart Associa-
tion Statistics Committee and the Stroke Statistics Subcommittee.
Circulation 2006;113:e85–151.

2. Adams KF, Fonarow GC, Emerman CL, et al. Characteristics and
outcomes of patients hospitalized for heart failure in the United States:
rationale, design, and preliminary observations from the first 100,000
cases in the Acute Decompensated Heart Failure National Registry
(ADHERE). Am Heart J 2005;149:209–16.

3. Jain P, Massie BM, Gattis WA, et al. Current medical treatment for
exacerbation of chronic heart failure resulting in hospitalization. Am
Heart J 2003;145:S3–S17.

4. Drazner MH, Rame JE, Stevenson LW, Dries DL. Prognostic
importance of elevated jugular venous pressure and a third heart sound
in patients with heart failure. N Engl J Med 2001;345:574–81.

5. Androne AS, Katz SD, Lund L, et al. Hemodilution is common in
patients with advanced heart failure. Circulation 2003;107:226–9.

6. Hunt SA, Abraham WT, Chin MH, et al. ACC/AHA 2005 guideline
update for the diagnosis and management of chronic heart failure in
the adult. Circulation 2005;112:1825–52.

7. Schrier RW. Role of diminished renal function in cardiovascular
mortality. Marker or pathogenetic factor? J Am Coll Cardiol 2006;47:
1–8.

8. Ellison DH. Diuretic therapy and resistance in congestive heart failure.
Cardiology 2001;96:132–43.

9. Francis GS, Benedict C, Johnstone DE, et al. Comparison of
neuroendocrine activation in patients with left ventricular dysfunction
with and without congestive heart failure. A substudy of the Studies Of
Left Ventricular Dysfunction (SOLVD). Circulation 1990;82:1724–9.

0. Domanski M, Norman J, Pitt B, Haigney M, Hanlon S, Peyster E.
Diuretic use, progressive heart failure, and death in patients in the
Studies Of Left Ventricular Dysfunction (SOLVD). J Am Coll
Cardiol 2003;42:705–8.

1. Sharma A, Hermann DD, Mehta RL. Clinical benefit and approach
of ultrafiltration in acute heart failure. Cardiology 2001;96:144–54.

2. Marenzi G, Lauri G, Grazi M, Assanelli E, Campodonico J, Agostoni
P. Circulatory response to fluid overload removal by extracorporeal
ultrafiltration in refractory congestive heart failure. J Am Coll Cardiol
2001;38:963–8.

3. Rimondini A, Cipolla C, Della Bella P, et al. Hemofiltration as
short-term treatment for refractory congestive heart failure. Am J Med
1987;83:43–8.

4. Jaski BE, Ha J, Denys BG, Lamba S, Trupp RJ, Abraham WT.

Peripherally inserted veno-venous ultrafiltration for rapid treatment of
volume overloaded patients. J Card Fail 2003;9:227–31. t
5. Bart BA, Boyle A, Bank AJ, et al. Ultrafiltration versus usual care for
hospitalized patients with heart failure: the Relief for Acutely Fluid-
Overloaded Patients with Decompensated Congestive heart failure
(RAPID-CHF) trial. J Am Coll Cardiol 2005;46:2043–6.

6. Costanzo MR, Saltzberg M, O’Sullivan J, Sobotka P. Early ultrafil-
tration in patients with decompensated heart failure and diuretic
resistance. J Am Coll Cardiol 2005;46:2043–51.

7. Troutman WG. Drugs for the treatment of heart failure. In: Anderson
PO, Knoben JE, Troutman WG, editors. Handbook of Clinical Drug
Data. Stamford, CT: Appleton & Lange, 1999:351–3.

8. Dao Q, Krishnaswamy P, Kazanegra R. Utility of B-type natriuretic
peptide in the diagnosis of congestive heart failure in an urgent-care
setting. J Am Coll Cardiol 2001;37:379–85.

9. Bittner V, Weiner DH, Yusuf S, et al. Prediction of mortality and
morbidity with a 6-minute walk test in patients with left ventricular
dysfunction. SOLVD Investigators. JAMA 1993;270:1702–7.

0. Rector TS, Cohn JN. Pimobendan Multicenter Research Group.
Assessment of patient outcome with the Minnesota Living with Heart
Failure Questionnaire; reliability and validity during a randomized,
double-blind, placebo-controlled trial of pimobendan. Am Heart J
1992;124:1017–25.

1. He X-R, Greenberg S, Briggs J, Schnermann J. Effects of furosemide
and verapamil on the NaCl dependency of macula densa-mediated
secretion. Hypertension 1995;26:137–42.

2. Agostoni PG, Marenzi GC, Lauri G, et al. Sustained improvement in
functional capacity after removal of body fluid with isolated ultrafil-
tration in chronic cardiac insufficiency: failure of furosemide to provide
the same result. Am J Med 1994;96:191–9.

3. Guazzi MD, Agostoni P, Perego B, et al. Apparent paradox of
neurohumoral axis inhibition after body fluid volume depletion in
patients with chronic congestive heart failure and water retention. Br
Heart J 1994;72:534–9.

4. Butler J, Forman DE, Abraham WT, et al. Relationship between heart
failure treatment and development of worsening renal function among
hospitalized patients. Am Heart J 2004;147:331–8.

5. Gottlieb SS, Brater DC, Thomas I, et al. BG9719 (CVT-124), an A1
adenosine receptor antagonist, protects against the decline in renal
function observed with diuretic therapy. Circulation 2002;105:1348–53.

6. McCurley JM, Hanlon SU, Wei S, et al. Furosemide and the
progression of left ventricular dysfunction in experimental heart failure.
J Am Coll Cardiol 2004;44:1301–7.

APPENDIX

or a list of investigators and institutions that participated in the UNLOAD

rial, please see the online version of this article.
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