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Abstract
Background—Worsening renal function is common among patients hospitalized for acute
decompensated heart failure (ADHF). When this occurs, subsequent management decisions often
pit the desire for effective decongestion against concerns about further worsening renal function.
There are no evidence-based treatments or guidelines to assist in these difficult management
decisions. Ultrafiltration is a potentially attractive alternative to loop diuretics for the management
of fluid overload in patients with ADHF and worsening renal function.

Methods and Results—The National Heart, Lung, and Blood Institute Heart Failure Clinical
Research Network designed a clinical trial to determine if ultrafiltration results in improved renal
function and relief of congestion compared with stepped pharmacologic care when assessed 96
hours after randomization in patients with ADHF and cardiorenal syndrome. Enrollment began in
June 2008. This paper describes the rationale and design of the Cardiorenal Rescue Study in Acute
Decompensated Heart Failure (CARRESS-HF).
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Conclusions—Treating the signs and symptoms of congestion in ADHF is often complicated by
worsening renal function. CARRESS-HF compares treatment strategies (ultrafiltration vs stepped
pharmacologic care) for the management of worsening renal function in patients with ADHF. The
results of the CARRESS-HF trial are expected to provide information and evidence as to the most
appropriate approaches for treating this challenging patient population.
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Cardiorenal syndrome is a “disorder of the heart and kidneys whereby acute or chronic
dysfunction in one organ may induce acute or chronic dysfunction in the other.”1 One
widely recognized subtype of cardiorenal syndrome is kidney injury that occurs in the
setting of acute decompensated heart failure (AHDF) and is often recognized by the
presence of abnormal kidney function at the time of presentation or worsening renal function
after initiation of acute therapies.1 Worsening renal function, often defined as an increase in
creatinine of ≥0.3 mg/dL from baseline, occurs in 20%–30% of patients with ADHF and is
associated with greater length of stay, hospital readmission, and death.2–4 Complicating our
understanding of cardiorenal syndrome are recent observations that worsening renal function
may be associated with improved clinical outcomes in some subgroups.5 The underlying
pathophysiology of this increase in creatinine is poorly understood and probably
multifactorial, reflecting comorbid conditions, acute therapies, impaired renal perfusion,
sympathetic over-activity, oxidative injury, and endothelial dysfunction.1,6 Perhaps for this
reason, there are no proven treatments or guidelines for patients who develop worsening
renal function in the setting of ADHF. When renal function deteriorates during treatment of
ADHF, subsequent management decisions often pit the desire for effective decongestion
against concerns about further worsening of renal function. Common interventions for
patients with worsening renal function include intensification or deescalation of loop
diuretics or the use of vasodilators, positive inotropes, or ultrafiltration.

Ultrafiltration is a potentially attractive alternative to loop diuretics for the management of
fluid overload in patients with ADHF and cardiorenal syndrome. It is a more effective
means of restoring sodium balance than intravenous loop diuretics,7 has no effect on serum
electrolytes, and results in rapid and predictable fluid removal.8–12 Moreover, ultrafiltration
does not directly stimulate the neurohormonal system and appears to restore responsiveness
to loop diuretics in patients with diuretic resistance.8–10,13

Rapid relief of venous congestion is associated with improved renal function in animal
experiments and human studies, indicating that “congestion” of the kidney may significantly
impact renal function in patients with ADHF, especially those who go on to develop
cardiorenal syndrome.14–16

In the Ultrafiltration Versus Intravenous Diuretics for Patients Hospitalized for Acute
Decompensated Heart Failure (UNLOAD) trial, venovenous ultrafiltration for up to 48
hours was compared with intravenous diuretics in patients hospitalized for ADHF.17 Patients
were hospitalized with the primary diagnosis of decompensated heart failure and evidence of
volume overload on physical examination. Patients with normal and decreased systolic
function were included. Patients were randomized within 24 hours of hospitalization. Thus
the 2 treatment arms represented early treatment strategies, not “rescue therapy.” Patients
randomized to the standard-care arm were treated with intravenous diuretics (average daily
dose 181 mg/d referenced to furosemide-equivalent doses). Patients in the ultrafiltration arm
had all diuretics stopped and underwent ultrafiltration at volume removal rates of up to 500
mL/h for up to 48 hours at the discretion of the treating physician. Despite the aggressive
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use of diuretics in the comparison arm (3.3 L net fluid loss in the first 48 hours),
ultrafiltration removed more fluid (4.6 L net fluid loss in the first 48 hours) and was
associated with more weight loss and improved clinical outcomes 90 days after
hospitalization. There was no significant difference in the incidence of worsening renal
function between the 2 treatment groups, raising hopes that ultrafiltration might be an
effective treatment for patients with impaired baseline renal function, diuretic resistance, or
worsening renal function after hospitalization.

In spite of these promising results, the UNLOAD trial has been criticized for being small,
unblinded, and inadequate regarding the dosing of diuretics for patients in the usual-care
arm. In addition, ultrafiltration is expensive, requires systemic anticoagulation, and can lead
to severe device-related complications, including air embolism, bleeding, and overly
aggressive volume removal.18,19

Therefore, the purpose of the Cardiorenal Rescue Study in Acute Decompensated Heart
Failure (CARRESS-HF) is to evaluate the efficacy and safety of ultrafiltration compared
with stepped pharmacologic care for the treatment of patients with persistent congestion and
worsening renal function.

Study Design
CARRESS-HF is a multicenter, prospective, randomized, controlled trial comparing slow
continuous venovenous ultrafiltration to stepped pharmacologic care in patients admitted to
the hospital with a primary diagnosis of ADHF who develop cardiorenal syndrome. This
trial is part of the Heart Failure Clinical Research Network sponsored by the National Heart,
Lung, and Blood Institute (NHLBI; clinicaltrials.gov identifier NCT00608491) and is being
performed at 9 regional clinical centers and 5 additional centers invited to participate by the
steering committee. All study-related activities are being coordinated by the Data
Coordinating Center at the Duke Clinical Research Institute in Durham, North Carolina.

Objectives
The primary hypothesis of CARRESS-HF is that ultrafiltration results in improved renal
function and relief of congestion compared with stepped pharmacologic care when assessed
96 hours after randomization in patients with ADHF and cardiorenal syndrome. Some of the
prespecified secondary objectives are listed in Table 1.

Patient Population, Inclusion and Exclusion Criteria
This study was approved by an NHLBI-appointed Protocol Review Committee and Data and
Safety Monitoring Board and by the local Institutional Review Boards of each participating
site. Each patient must provide informed consent before enrollment. Outpatients are not
eligible for this study. Only patients admitted to the hospital with a primary diagnosis of
ADHF (regardless of ejection fraction) are eligible for enrollment and all patient must
experience worsening renal function (defined as an increase in serum creatinine of ≥0.3 mg/
dL from baseline) while demonstrating signs and symptoms of persistent congestion (Table
2). Worsening renal function can be documented up to 6 weeks before admission in the
setting of escalating doses of diuretics or, if this information is unavailable, up to 7 days
after admission.

Randomization and Treatment Interventions
Patients are randomized to the 2 treatment arms in a 1-to-1 fashion through an automated
web-based system. The randomized allocations are based on a permuted block
randomization scheme stratified by clinical site.
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All patients are started on 2 L/d fluid restriction and 2 g/d sodium restriction. Decisions
regarding the use of standard heart failure medications, such as angiotensin-converting
enzyme inhibitors, beta-blockers, and digoxin, are left to the discretion of the treating
physicians. However, investigators are encouraged to decrease the doses of these drugs if
cardiorenal syndrome develops in temporal association with dose escalations.

Ultrafiltration
All loop diuretics are discontinued at the time of randomization and for the duration of the
ultrafiltration intervention. Fluid status is managed exclusively by ultrafiltration using the
Aquadex System 100 (CHF Solutions, Brooklyn Park, Minnesota) according to the
manufacturer's specifications. The Aquadex System 100 is a simplified ultrafiltration device
the size and weight of which is similar to a standard intravenous fluid pump. Blood is
removed from the patient through an intravenous catheter at a maximum rate of 40 mL/min
and a maximum filtration rate of 500 mL/h. The console monitors blood flow through the
tubing and the blood circuit, alerting the user to abnormal conditions such as the obstruction
of blood flow or air in the circuit. Operating the device requires the same nursing skill level
and the amount of monitoring as that necessary for a blood transfusion and can be performed
in the setting of an intensive care unit/cardiac care unit or monitored hospital floor.10

Ultrafiltration is initiated at a fluid removal rate of 200 mL/h after the placement of
appropriate intravenous access and continued until the patient's signs and symptoms of
congestion are optimized. The use of vasodilators or positive inotropic agents is prohibited
unless deemed necessary for rescue therapy.

Ultrafiltration can be performed through the use of 2 peripheral intravenous catheters, a
combination of an extended-length catheter placed in the antecubital fossa and a standard
peripheral intravenous catheter, or, in some circumstances, a single dual-lumen peripheral
intravenous catheter. Although central venous access is not necessary, it is sometimes
acquired in patients hospitalized with ADHF, especially those who develop cardiorenal
syndrome. In these instances, ultrafiltration can be performed using the introducer sheath or
a triple-lumen catheter according to the manufacturer's specifications.

During ultrafiltration, patients receive heparin to achieve an activated partial thromboplastin
time (PTT) 2.0—2.5 times normal to prevent clotting of the ultrafiltration circuit.

Justification for Ultrafiltration “Prescription”
A fluid removal rate of 200 mL/h applied for 24 hours results in 4.8 L fluid removal and a
measureable net negative fluid balance of ~3.4 L, assuming the patient adheres to the 2 L
fluid restriction mandated per protocol and produces at least 600 mL urine. These
parameters were selected to maximize the likelihood that this degree of fluid removal will be
well tolerated. In the UNLOAD trial, the average ultrafiltration rate was 241 mL/h over an
average of 12.3 hours, resulting in ~3 L plasma water removal.17 This rate of fluid removal
was well tolerated with no significant adverse hemodynamic effects and no significant
difference in the percentage of patients who ultimately developed worsening renal function
between the ultrafiltration and standard care groups. Marenzi et al11 measured the plasma
refill rate (the rate of fluid volume transport from the interstitium to the intravascular space
during ultrafiltration) in heart failure patients undergoing ultrafiltration at a rate of 530 mL/h
for an average of 9 hours. The plasma refill rate began to drop after 4 L fluid removal but
was still in excess of 400 mL/h. Therefore, it is anticipated that patients with significant
persistent congestion as defined by the inclusion criteria should tolerate the ultrafiltration
rate of 200 mL/h.
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Stepped Pharmacologic Care
Intravenous diuretics are used to address signs and symptoms of congestion. To prevent
heterogeneity in the treatment approach used for these patients and to ensure the use of
appropriate diuretic doses, a stepped care algorithm developed by the Heart Failure Clinical
Trials Network is provided to investigators (Table 3). At the time of randomization to
stepped pharmacologic care, investigators are encouraged to decrease, increase, or continue
current doses of diuretics depending on urine output and clinical response. This assessment
is to be repeated daily until the signs and symptoms of congestion have been optimized. If
signs and symptoms of congestion persist after the 96-hour end point, the stepped
pharmacologic care algorithm should continue to be used as a guideline for ongoing
treatment. Recommendations regarding the use of vasodilators and inotropes in the stepped
pharmacologic care algorithm are based on blood pressure, ejection fraction, and the
presence of right ventricular failure at 48 hours if urine output remains suboptimal.
Investigators are encouraged to consider additional approaches such as hemodynamic-
guided intravenous therapy, advanced mechanical support, dialysis, or ultrafiltration
crossover at 72 hours and 96 hours if congestion persists and there is still inadequate urine
output.

Stopping Points for Randomized Interventions
There is no predetermined treatment duration; treatment is continued in both treatment arms
until the signs and symptoms of congestion are optimized and there is no ongoing need for
ultrafiltration or intravenous diuretics. Careful clinical monitoring is necessary in all patients
with ADHF to maintain hemodynamic stability and reduce the likelihood of intravascular
volume depletion. Vital signs, physical examination, symptoms, blood urea nitrogen,
creatinine, basic electrolytes, and right atrial and pulmonary capillary wedge pressures,
when available, will be assessed daily to assist in determining the optimal volume status for
patients in both treatment arms. Ultrafiltration rates and the doses of diuretics may be
decreased or temporarily discontinued at the discretion of the treating physician if there is a
decrease in blood pressure or an increase in creatinine that is thought to be due to a transient
episode of intravascular volume depletion. After the patient has stabilized, if congestion
persists based on review of all available clinical data, the randomized treatment intervention
(ultrafiltration or stepped pharmacologic care) is reinitiated until the patient's fluid status has
been optimized. There is no need to reestablish the entry criteria for episodes of interrupted
decongestive therapy. The transition to oral diuretics before discharge is left to the discretion
of the treating physician and is continued in the outpatient setting as needed to maintain
optimal fluid homeostasis. The primary end point of change in weight and change in
creatinine will be assessed 96 hours after enrollment whether or not the randomized
intervention has been completed.

Outcome Determinations and Statistical Considerations
The primary end point of this study is change in weight and change in creatinine from
baseline to 96 hours. This bivariate response will be displayed on a two-dimensional grid
with individual data points for each patient representing paired changes in both creatinine
and weight 96 hours after randomization (Fig. 1). A confidence region for the average
difference between treatment arms in this bivariate response can be described as an ellipse,
and the 2 treatment arms will be compared statistically with the use of the Hotelling T-
square, which is a multivariate analog of the 2-sample t test used with a single continuous
variable.20

This novel bivariate end point was selected to reflect the importance of both decongestion
and improved renal function in treating patients with decompensated heart failure. It allows
for the integration of clinically important outcomes that may be in “opposite directions.”
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Weight loss is a measure of successful volume reduction therapy and is a desirable treatment
outcome, whereas worsening renal function, as measured by an increase in creatinine, is an
adverse outcome that often complicates volume reduction therapy. Evaluating these 2
important responses to treatment as a bivariate end point reflects clinically important
responses to therapy and avoids the requirement of making adjustments in sample size to
prevent a type 1 error that would be necessary if the end points were considered
separately.21

The null hypothesis is that there is no difference between the treatment groups in this 2-
dimensional end point. Based on data from the UNLOAD study,17 the standard deviation
(SD) of change in weight at 96 hours is estimated to be 3.1—3.5 kg, and the SD of change in
creatinine at 96 hours is estimated to be 0.55—0.75 mg/dL. A sample size of 100 patients
per treatment arm will provide 90% power for detecting a difference between treatment
groups in each of the primary end point variables (change in weight and change in creatinine
at 96 hours) of one-half SD unit. Thus, if the SD of weight loss is 3.5 kg, or even as high as
4.0 kg, the study will have 90% power for detecting an average weight loss difference
between groups of 2.0 kg. If the SD of change in creatinine is 0.6—0.7 mg/dL, the study
will have 90% power to detect a difference between groups of 0.3—0.35 mg/dL. One
hundred patients per arm will also provide adequate power for selected secondary end points
of interest, such as net fluid loss and treatment failure. Assuming that the SD of net fluid
loss over 96 hours is consistent with the recently published Diuretic Strategies in Patients
with Acute Decompensated Heart Failure (DOSE) trial22 (~3,000 mL) the study will have
>90% power for detecting a difference between arms of ≥1,000 mL. If the rate of treatment
failure (defined in Table 1) in the stepped-care arm is ≥40% (consistent with the DOSE trial)
200 patients will provide 80% power for detecting a 50% reduction. This same power would
apply also for an end point such as rehospitalization.

The primary end point measured at 96 hours will be analyzed on an intention-to-treat basis.
Temporary interruptions of ultrafiltration or stepped pharmacologic care to address episodes
of transient intravascular volume depletion are permitted in accordance with standard
clinical practice; there is no separate analysis planned to account for these adjustments in
volume reduction therapies. It is anticipated that there may be some crossovers from stepped
pharmacologic care to ultrafiltration or from ultrafiltration to stepped pharmacologic care
before the 96-hour end point. The number of crossovers will be documented to provide
context for interpreting the primary results; however, treatment crossovers before the 96-
hour assessment will be analyzed according to the intention-to-treat principle and thus will
be included in the arm to which they were randomized. A supplementary analysis will be
performed censoring patient measurements after the time of crossover to ultrafiltration or
stepped pharmacologic care and carrying forward change in weight and change in creatinine
at the time of crossover to the 96-hour primary end point. Safety end points are reported to
and monitored by the Coordinating Center and an independent Data and Safety Monitoring
Board appointed by the NHLBI.

Current Status
Enrollment began in June 2008, and there were 180 patients randomized in CARRESS-HF
by Nov 7, 2011. At the current rate at which patients are being recruited in the trial, target
enrollment should be reached in the spring of 2012.

Conclusions
Worsening renal function occurs in 20%–30% of patients hospitalized with ADHF and is
associated with poor outcomes. The clinical challenge of adequately addressing signs and
symptoms of congestion is complicated by worsening renal function. There are no safety or
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efficacy data supporting common treatment approaches in this clinical setting, such as
deescalation or intensification of loop diuretics, positive inotropes, other vasoactive drugs,
or ultrafiltration. CARRESS-HF compares treatment strategies (ultrafiltration vs stepped
pharmacologic care) for the management of worsening renal function in patients with
ADHF. The results of the CARRESS-HF trial are expected to provide information and
evidence as to the most appropriate approaches for treating this challenging patient
population.
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Fig. 1.
Two-dimensional grid for the primary end point of change in weight and change in
creatinine 96 hours after enrollment. Each study subject's change in weight and change in
creatinine will be plotted on the figure such that subjects in quadrant I will represent those
with increased weight and increased creatinine and subjects in quadrant III will represent
those with weight loss and a reduction in creatinine.
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Table 1

Secondary Objectives of CARRESS-HF

1 Bivariate response of change in creatinine and change in weight from randomization to days 1 through 3 and day 7 (or discharge).

2 Changes in serum electrolytes and renal function, including creatinine, blood urea nitrogen, estimated glomerular filtration rate, and

cystatin C, at multiple time points.*

3 Changes in volume status, including significant weight loss (≥3.0 kg), net fluid loss, B-type natriuretic peptide, and clinical
decongestion (defined as pulmonary wedge pressure < 18 cm [if available], jugular venous pressure or central venous pressure < 8

cm [if available], no more than trace peripheral edema, and the absence of orthopnea), at multiple time points.*

4 Treatment failure defined as death, worsening/persistent heart failure, need for dialysis, crossover from stepped pharmacologic care
to ultrafiltration, or the occurrence of a serious adverse event during the first 7 days after randomization.

5 Changes in symptoms assessed using global and dyspnea visual analog scores assessed at 96 hours and on day 7 (or discharge).

6 Number of days in hospital assessed from randomization to discharge.

7 Length of index hospitalization, heart failure rehospitalizations, days alive outside the hospital, and unscheduled clinic and
emergency department visits during the 60-day follow-up interval.

8 Diuretic doses before hospitalization and on day 7 (or discharge), 30 days, and 60 days.

9 Adverse events, including device-related adverse events.

*
Assessments at multiple time points include the following: Change in electrolytes will be assessed at 96 hours and 1 week; change in creatinine,

blood urea nitrogen, and estimated glomerular filtration rate will be assessed at 96 hours, 1 week, and 30 and 60 days; change in C-reactive protein
will be assessed at 96 hours, 1 week, and 60 days; change in weight will be assessed daily until discharge or day 7, whichever comes first, and 30
and 60 days; change in B-type natriuretic peptide will be assessed at 96 hours, 1 week, and 60 days; clinical decongestion will be assessed at 96
hours, 1 week, and 30 and 60 days.
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Table 2

Inclusion and Exclusion Criteria

Inclusion Criteria

1 Age ≥18 y

2 Admitted to hospital with a primary diagnosis of decompensated heart failure

3 Onset of cardiorenal syndrome (increasing creatinine ≥0.3 mg/dL) after hospitalization or before hospitalization

a. After hospitalization—within 7 days from the time of admission after receiving intravenous diuretics

b. Before hospitalization—within 6 weeks of the index hospitalization in the setting of escalating doses of outpatient loop
diuretics

4 Persistent volume overload

a. For patients with a pulmonary artery catheter, persistent volume overload will include: Pulmonary capillary wedge
pressure >22 mm Hg and one of the following clinical signs: ≥2+ peripheral edema and/or pulmonary edema or pleural
effusions on chest x-ray

b. For patients without a pulmonary artery catheter, persistent volume overload will include at least 2 of the following:
≥2+ peripheral edema, jugular venous pressure >10 mm Hg, and pulmonary edema or pleural effusions on chest x-ray

Exclusion Criteria

1 Intravascular volume depletion

2 Acute coronary syndrome within 4 weeks

3 Indication for hemodialysis

4 Creatinine >3.5 mg/dL at admission to the hospital

5 Systolic blood pressure <90 mm Hg at time of enrollment

6 Alternate explanation for worsening renal function, such as obstructive nephropathy, contrast induced nephropathy, acute tubular
necrosis

7 Hematocrit >45%

8 Poor venous access

9 Clinical instability likely to require the addition of intravenous vasoactive drugs including vasodilators and/or inotropic agents

10 Allergy or contraindications to the use of heparin

11 The use of a iodinated radiocontrast material in the past 72 hours or anticipated use of intravenous contrast during the current
hospitalization
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Table 3

Stepped Pharmacologic Care Treatment Algorithm

Urine output (UO) goals to be assessed daily from randomization to 96 hours

 UO > 5 L/d → Reduce current diuretic regimen if desired

 UO 3–5 L/d → Continue current diuretic regimen

 UO < 3 L/d → See diuretic grid

24-hour assessment

 UO recommendations as above

 Advance to next step on grid if UO < 3 L/d

48-hour assessment

 UO recommendations as above

 Advance to next step on grid if UO < 3 L/d

 Consider dopamine or dobutamine at 2 μg/kg/h if SBP < 110 mm Hg and EF <40% or RV systolic dysfunction.

 Consider nitroglycerin or nesiritide if SBP > 120 mm Hg (any EF) and severe symptoms

72- and 96-hour assessments

 UO recommendations as above

 Advance to next step on grid if UO < 3 L/d

 Consider dopamine or dobutamine at 2 μg/kg/hr if SBP < 110 mm Hg and EF <40% or RV systolic dysfunction.

 Consider nitroglycerin or nesiritide if SBP > 120 mm Hg (any EF) and severe symptoms

 Consider hemodynamic guided IV therapy, LVAD, dialysis, or ultrafiltration crossover

Diuretic Grid

Suggested Dose

Current Dose Daily Loop Dose Thiazide

A <80 mg 40 mg IV bolus + 5 mg/h None

B 81–160 mg 80 mg IV bolus + 10 mg/h 5 mg metolazone once daily

C 161–240 mg 80 mg IV bolus + 20 mg/h 5 mg metolazone twice daily

D >240mg 80 mg IV bolus + 30 mg/h 5 mg metolazone twice daily

SBP, systolic blood pressure; EF, ejection fraction; RV, right ventricle; LVAD, left ventricular assist device; Loop, loop diuretic dose in
furosemide equivalents.
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