
HOW DO YOU MEND A BROKEN HEART?

Brian W. Hardaway, M.D
Advanced Heart Failure & Cardiac Transplantation
Mayo Clinic Arizona 

Management Strategies in Acutely Decompensated Heart Failure



FINANCIAL DISCLOSURES

None



OBJECTIVES

• Identify the most common conditions leading to decompensated 
heart failure

• Identify patient profiles of the acutely decompensated heart failure 
patient and the specific treatments aimed at the respective profiles

• Identify strategies to reduce heart failure readmission



DEFINITION

“A family of syndromes characterized by 
new or worsening signs or symptoms of 
heart failure leading to hospitalization or 

unscheduled medical care.”

Felker GM et al, AHJ 2001



DEFINITION

“A gradual or rapid change in heart failure 
signs and symptoms resulting in a need for 

urgent therapy.”

Gheorghiade M et al. Circulation 2006



HEART FAILURE HOSPITALIZATIONS
Incidence & Cost

• 1 million admissions per year with primary 
diagnosis of Heart Failure

• 3 million admissions per year with primary or 
secondary diagnosis of Heart Failure

• Most frequent cause of hospitalization in the 
elderly

• ~ $37 billion spent annually on managing 
episodes of decompensation



HEART FAILURE HOSPITALIZATIONS

Short Term Morbidity & Mortality

• 20-30% readmission rate at 30 days
• 20% post hospitalization mortality at 6 months
• 30% post hospitalization mortality at 1 year



HEART FAILURE HOSPITALIZATIONS

Weintraub et al., Circulation 2010; 122:1975-1999



CLINICAL CHARACTERISTICS OF THE ADHF PATIENT

These findings suggest that renal dysfunction is likely to
be an important element in the pathophysiology of
patients hospitalized with heart failure. The ADHERE
demonstrates that many patients hospitalized with heart
failure have mild or no impairment of systolic ventricular
function as assessed by prehospital or inpatient ejection
fraction measurement. Data from the registry indicate
that not only is history of hypertension common in
patients hospitalized with heart failure, but that the
mean blood pressure for this patient group is frankly
hypertensive. In contrast, only 3% of the registry
patients have a first-recorded blood pressure b90 mm
Hg. These results show that patients who are admitted
for heart failure are more often significantly hyperten-

sive and have preserved systolic function instead of
being hypotensive and having reduced systolic function.
The ADHERE demonstrates significant differences be-
tween the typical patient hospitalized for heart failure
and patients who have participated in randomized
clinical trials, in hospital or outpatient settings
(Table II).11 Studies of patients hospitalized for heart
failure have involved mostly patients with reduced
systolic dysfunction who are less hypertensive than
those enrolled in the ADHERE. Women and the elderly
made up a lower percentage of the trial population
compared with the registry population (Table II).
Outcome data on patients enrolled into the ADHERE

database demonstrate that admission for heart failure is a

Table II. Comparison of patients in acute heart failure trials and the ADHERE

VMAC*
(N = 489)

OPTIMEy
(N = 949)

ADHEREz
(N = 105388)

Demographics
Age 60-62 (13-15)* 66 (14)/65(15)y 72.4 (14.0)
White (%) 58 65 72
Black (%) 24 33 20
Female (%) 31 29 52

Heart failure history
NYHA II (%) 8 7 20§
NYHA III (%) 42 46 44§
NYHA IV (%) 42 47 32§
Prior hospitalizations NA 1.9(2.0)/2.1 (2.2)y (last year) 1.0 (1.1) (last 6 mo)

LVEF
Ejection fraction (prehospital) 27 (14) 24 (8) 34.4 (16.1)O
Ejection fraction N40% (prehospital) (% ) 13.3 (N40) NA 37O
Ejection fraction N40%, or normal or mild impairment of systolic
function (either before or during index hospitalization) (%)

NA NA 46#

Medical history
Coronary artery disease (%) 65 NA 57
Hypertension (%) 70 68 73
Myocardial infarction (%) 46 48 31
Diabetes mellitus (%) 47 44 44
Renal insufficiency (%) NA NA 30
Ventricular tachycardia (%) 13 (sustained) NA 8
Ventricular fibrillation (%) 6 NA 1
Atrial fibrillation (%) 35 32 31

Baseline medications
ACE inhibitors (%) 60 70 41
Diuretics (%) 86 90 70
h-Blockers (%) 33 22 48
Angiotensin receptor blockers (%) 10 13 12
Nitrates (%) 35 NA 26
Antiarrhythmics (%) 21 NA 11
Digoxin (%) 61 73 28

Physical and laboratory findings
Systolic blood pressure (mm Hg) 121 (22) 120 (18)/120(19)y 144 (32.6)
Serum creatinine (mg/dL) NA 1.5 (0.5)/1.4(0.5)y 1.8 (1.6)
Serum creatinine N2 mg/dL 21 NA 20

Data are expressed as mean (FSD), unless otherwise indicated. NA, not applicable, not assessed, or not reported; NYHA, New York Heart Association Heart Failure
Classification.
*Based on data from the 3 treatment groups in the VMAC trial.10

yData presented as placebo (n = 472)/milrinone (n = 477) for the OPTIME trial,4 which excluded patients with serum creatinine N3.0 mg/dL.
zn = 98034 to 105388 depending on available data for each specific measure, unless otherwise indicated.
§n for the denominator = 8391; 89% of patients had unknown or no mention of NYHA classification; 4% were classified as NYHA class I.
On for the denominator = 40713.
#n for the denominator = 85270.

American Heart Journal
February 2005

214 Adams et al

Adams KF et al, Am Heart J 2005;149:209-16

• Elderly Females
• Mean LVEF 34.4%
• HFpEF: 46% of patients
• HTN & CAD highly prevalent
• Atrial fibrillation in 31%
• CKD in 30%
• Low utilization rates of GDMT
• Mean SBP 144 mmHg



KEY PRECIPITANTS

• Non-Adherence
• Poorly controlled HTN
• Myocardial ischemia
• Atrial fibrillation or other arrhythmias
• Loss of BiV pacing
• Worsening renal function

• Negative inotropic drugs
• Drugs that increase salt retention
• Excessive EtOH or drug usage
• Infections
• Pulmonary Embolism
• Hyper/Hypothyroidism



SIGNS & SYMPTOMS

• Jugular Venous Distension
• S3
• Rales or Pleural Effusion
• Edema
• Ascites
• Hepatojugular Reflux

• Dyspnea
• Orthopnea / PND / Bendopnea
• Fatigue & Lethargy
• Anorexia
• Early Satiety
• Confusion

• Jugular Venous Distension
• S3
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Of the 2479 patients, a total of 706 had elevated
jugular venous pressure, a third heart sound, or both:
109 had elevated jugular venous pressure in the ab-
sence of a third heart sound, 426 had a third heart
sound in the absence of elevated jugular venous pres-
sure, and 171 had both elevated jugular venous pres-
sure and a third heart sound. Multivariate analysis
with the use of the same covariates as described
above showed that, as compared with the 1773 pa-
tients with neither finding, patients with elevated jug-
ular venous pressure, a third heart sound, or both
were at significantly increased risk for death from all
causes, hospitalization for heart failure, the composite
end point of death or hospitalization for heart failure,
and death from pump failure, but not death from ar-

rhythmia (Table 3). In addition, a multivariate analy-
sis in which the 171 patients who had both elevated
jugular venous pressure and a third heart sound were
compared with the 535 patients who had only one
of these physical findings showed that the risk of all
outcomes, including hospitalization for heart failure
(relative risk, 1.13; 95 percent confidence interval, 0.86
to 1.48; P=0.38) and the composite end point of
death or hospitalization for heart failure (relative risk,
1.05; 95 percent confidence interval, 0.84 to 1.30;
P=0.69), was similar.

 

Multivariate Analysis Stratified According to NYHA 
Functional Class and Treatment Assignment

 

In the light of the disparities at base line in the
NYHA functional class between patients with and
those without the physical findings, we performed a
multivariate analysis that was stratified according to
the NYHA class (1671 patients were in NYHA class I
or II and 808 were in NYHA class III or IV). With
the exception of the NYHA functional class, the same
covariates included in the primary analysis were en-
tered into these models. As shown in Table 4, the re-
sults of this subgroup analysis were consistent with
those of the primary analysis. In both NYHA class
strata the presence of elevated jugular venous pres-
sure alone; a third heart sound alone; or elevated jug-
ular venous pressure, a third heart sound, or both was
associated with a relative risk of more than 1.00 in the
case of hospitalization for heart failure, the composite
end point of death or hospitalization for heart fail-
ure, and death from pump failure, though not all val-
ues reached statistical significance.

To determine whether treatment with angioten-
sin-converting–enzyme inhibitors altered the prog-
nostic value of the physical-examination findings, we
also performed a multivariate analysis that was strat-
ified according to treatment assignment. With the ex-
ception of treatment assignment, the same covariates
included in the primary analysis were entered into
these models. As shown in Table 4, the presence of el-
evated jugular venous pressure alone; a third heart
sound alone; or elevated jugular venous pressure, a
third heart sound, or both was associated with similar
risks for most outcomes in the two treatment groups.
In addition, there was no evidence of a statistically
significant interaction between treatment assignment
and elevated jugular venous pressure or between treat-
ment assignment and a third heart sound with re-
spect to the risk of death, hospitalization for heart
failure, the composite end point of death or hospital-
ization for heart failure, and death from pump failure
when these interaction terms were included in mul-
tivariate models (P>0.1 for all comparisons).

 

DISCUSSION

 

These data suggest that the finding of elevated jug-
ular venous pressure or a third heart sound on phys-

 

Figure 1.

 

 Kaplan–Meier Analysis of Event-free Survival Accord-
ing to the Presence or Absence of Elevated Jugular Venous
Pressure (Panel A) and a Third Heart Sound (Panel B).
The end point was a composite of death or hospitalization for
heart failure. In Panel A, the 280 patients with elevated jugular
venous pressure were significantly more likely than the 2199 pa-
tients without elevated jugular venous pressure to reach the
composite end point (P<0.001 by the log-rank test). In Panel B,
the 597 patients with a third heart sound were significantly more
likely than the 1882 patients without a third heart sound to reach
the composite end point (P<0.001 by the log-rank test).
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Drazner MH et al, N Engl J Med 2001; 345:574-81 

PROGNOSTIC IMPORTANCE OF ELEVATED JUGULAR VENOUS PRESSURE 
AND A THIRD HEART SOUND IN PATIENTS WITH HEART FAILURE 







NATRIURETIC PEPTIDES

• Useful to support clinical judgement for 
the diagnosis of ADHF, especially in the 
setting of uncertainty. Class I. Level of Evidence A

Maisel, A. et al. N Engl J Med 2002;347:161-167

CHF Guideline Statement on 
Natriuretic Peptides



CLINICAL PRESENTATIONS

Nordeen JD, et al. US Pharm. 2010;35(2):HS8-HS19

Hemodynamic / Clinical State in Acute Heart Failure

Signs of Low 
Perfusion
Cool extremities
Low urine output
Altered Mental Status
Inadequate response to IV 
diuretic
Prerenal Azotemia

Signs of Congestion
Jugular Venous Distension
(+) Hepatojugular reflux
Peripheral edema
S3
Exertional Dyspnea
Orthopnea / PND
Rales



CLINICAL PRESENTATIONS

Hemodynamic / Clinical State in Acute Heart Failure

Elevated SBP
Normal SBP }90%
Hypotension
Cardiogenic Shock }10%



GOALS  OF  THERAPY

• Relieve Symptoms
• Optimize fluid Status
• Identify precipitating factors
• Optimize Chronic Oral Therapy
• Minimize Side Effects
• Educate Patient & Family



ARMAMENTARIUM

• Ultrafiltration
• Vasodilators
• Inotropes
• Arginine Vasopressor Antagonists
• Mechanical Circulatory Support*

• Diuretics



Diuretics



• 70% intravenous utilization rate during 
hospitalization

• 90% of patients report feeling better at 
discharge

• 40% feel better, but are still congested
        Gheorghiade M, et al. Circ 2005;112:3958-68

Diuretics



DIURETIC PHARMACOKINETICS

Brater DC et al. N Engl J Med 1998; 339:387-395

• Highly variable bioavailability of Furosemide
• Bumetanide & Torsemide more reliably absorbed
• Longer elimination half-life in CHF patients 

compared with normal



DIURETIC PHARMACOKINETICS

• Bumex is the most potent of the loop 
diuretics followed by Torsemide and 
Furosemide

• 1:1 oral to IV conversion with Torsemide 
& Bumex

• 1:2 oral to IV conversion with 
Furosemide



DIURETIC PHARMACOKINETICS

• Loop diuretics are threshold drugs with 
steep dose-response curves 

• In ADHF the curve is shifted downward 
& rightward with less natriuresis despite 
higher doses of diuretic

• Increasing the dose above the threshold 
does not result in an increase in 
natriuretic efficiency 

ELLISON DH, FELKER GM. N ENGL J MED 2017;377:1964-1975.



DIURETIC PHARMACOKINETICS

Increasing the dose above the ceiling dose 
can cause additional natriuresis by 
increasing the time the plasma 
diuretic concentration exceeds 
the natriuretic threshold 

Dashed lines = Natriuretic threshold

ELLISON DH, FELKER GM. N ENGL J MED 2017;377:1964-1975.



DIURETIC  THERAPY  IN  ADHF

Target of 3 - 5 L urine 
output / day until 

clinical euvolemia 
is achieved 

Clinical Euvolemia = JVP < 8 cm H2O, Trace edema or less



DIURETIC  THERAPY  IN  ADHF

Yancey et al. JACC Vol. 62, No. 16, 2013 

Patients admitted with HF and with evidence of significant fluid overload 
should be treated with intravenous loop diuretics. Class I. Level of Evidence B



DIURETIC  THERAPY  IN  ADHF

Yancey et al. JACC Vol. 62, No. 16, 2013 

If patients are already receiving loop diuretic therapy, the initial IV dose should 
equal or exceed their chronic oral daily dose and should be given as 

either intermittent boluses or continuous infusion. Class I. Level of Evidence B



DIURETIC PHARMACOKINETICS

ELLISON DH, FELKER GM. N ENGL J MED 2017;377:1964-1975.

The Braking Phenomenon

• A reduction of natriuretic response to 
subsequent doses of diuretic.

• Causes include activation of the SNS 
& RAAS, depletion of extracellular 
fluid volume and Distal Nephron 
Remodeling 



DIURETIC PHARMACOKINETICS

ELLISON DH, FELKER GM. N ENGL J MED 2017;377:1964-1975.

• More NaCl is delivered to the distal 
nephron

• The distal nephron hypertrophies
• Increased transcription of luminal 

NaCl transporters resulting in more 
NaCl reabsorption in the 
distal nephron  

• This leads to

Distal Nephron Remodeling 

 DIURETIC RESISTANCE



Ellison DH et al. N Engl J Med 2017; 377:1964-1975

The failure of diuretics to achieve 
decongestion despite the use of 

maximal recommended doses.

 DIURETIC RESISTANCE



The failure of diuretics to achieve 
decongestion despite the use of 

maximal recommended doses.

 DIURETIC RESISTANCE

Brater DC. N Engl J Med 1998; 339:387-395



Yancey et al. JACC Vol. 62, No. 16, 2013 

When diuresis is inadequate to relieve congestion the diuretic regimen should be 
intensified using either 

a: higher doses of loop diuretics
b: addition of a second diuretic (Metolazone, Spironolactone or IV Chlorothiazide) 

Class IIa. Level of Evidence B

 DIURETIC RESISTANCE



Yancey et al. JACC Vol. 62, No. 16, 2013 

Low dose Dopamine infusion may be considered in 
addition to loop diuretic therapy to improve diuresis and 

better preserve renal function and renal blood flow. Class IIb. Level of 
Evidence B

 DIURETIC RESISTANCE

Post hoc subgroup analysis of the ROSE-AHF trial 
suggests that in HFrEF patients Dopamine may have 

enhanced decongestion.   



TREATMENT OF DIURETIC RESISTANCE

ELLISON DH, FELKER GM. N ENGL J MED 2017;377:1964-1975.
Bart BA, Goldsmith SR, Lee KL, et al. N Engl J Med 2012;367:2296-304. 



TREATMENT OF DIURETIC RESISTANCE

6 
 

AT RANDOMIZATION – STEPPED PHARMACOLOGIC CARE ARM 
 
UO > 5 L/day ĺ�5HGXFH�FXUUHQW�GLXUHWLF�UHJLPHQ�if desired   
UO 3-5 L/day ĺ�&RQWLQXH�FXUUHQW�GLXUHWLF�UHJLPHQ�� 
UO < 3 L/day ĺ�6HH�WDEOH� 
 

              
 
AT 24 Hrs - STEPPED PHARMACOLOGIC CARE ARM 
Persistent Volume Overload Present  
UO > 5 L/day ĺ�5HGXFH�FXUUHQW�GLXUHWLF�UHJLPHQ�if desired   
UO 3-5 L/day ĺ�&RQWLQXH�FXUUHQW�GLXUHWLF�UHJLPHQ�� 
UO < 3 L/day ĺ�$GYDQFH�WR�QH[W�VWHS�RQ�WDEOH� 
 
AT 48 Hrs - STEPPED PHARMACOLOGIC CARE ARM 
Persistent Volume Overload Present  
UO > 5 L/day ĺ�5HGXFH�Furrent diuretic regimen if desired   
UO 3-5 L/day ĺ�&RQWLQXH�FXUUHQW�GLXUHWLF�UHJLPHQ�� 
UO < 3 L/day ĺ�$GYDQFH�WR�QH[W�VWHS�RQ�WDEOH�DQG�FRQVLGHU��� 
Dopamine or dobutamine at 2 ug/kg/hr if SBP < 110 mmHg and EF<40% or RV systolic 
dysfunction.  Nitroglycerin or Nesiritide if SBP > 120 (any EF) and Severe Symptoms  
  
AT 72 Hrs - STEPPED PHARMACOLOGIC CARE ARM 
Persistent Volume Overload Present  
UO > 5 L/day ĺ�5HGXFH�FXUUHQW�GLXUHWLF�UHJLPHQ�if desired   
UO 3-5 L/day ĺ�&RQWLQXH�FXUUHQW�GLXUHWLF�UHJLPHQ�� 
UO < 3 L/day ĺ�$GYDQFH�WR�QH[W�VWHS�RQ�WDEOH�DQG�FRQVLGHU� 
Dopamine or dobutamine at 2 ug/kg/hr if SBP < 110 mmHg and EF<40% or RV systolic 
dysfunction.  Nitroglycerin or Nesiritide if SBP > 120 (Any EF) and Severe Symptoms 
Advanced Cardiorenal Therapy   Hemodynamic guided iv therapy, LVAD, Dialysis or UF 
Cross over  
  
AT 96 Hrs - STEPPED PHARMACOLOGIC CARE ARM 
Persistent Volume Overload Present  
UO > 5 L/day ĺ�5HGXFH�FXUUHQW�GLXUHWLF�UHJLPHQ�if desired   
UO 3-5 L/day ĺ�&RQWLQXH�FXUUHQW�GLXUHWLF�UHJLPHQ�� 
UO < 3 L/day ĺ�$GYDQFH�WR�QH[W�VWHS�RQ�WDEOH�DQG�FRQVLGHU�� 
Dopamine or dobutamine at 2 ug/kg/hr if SBP < 110 mmHg and EF<40% or RV systolic 
dysfunction.  Nitroglycerin or Nesiritide if SBP > 120 (Any EF) and Severe Symptoms 
Advanced Cardiorenal Therapy   Hemodynamic guided iv therapy, LVAD, Dialysis or UF 
Cross over  
 

ELLISON DH, FELKER GM. N ENGL J MED 2017;377:1964-1975.
Bart BA, Goldsmith SR, Lee KL, et al. N Engl J Med 2012;367:2296-304. 
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Background
Loop diuretics are an essential component of therapy for patients with acute decom-
pensated heart failure, but there are few prospective data to guide their use.
Methods
In a prospective, double-blind, randomized trial, we assigned 308 patients with acute 
decompensated heart failure to receive furosemide administered intravenously by 
means of either a bolus every 12 hours or continuous infusion and at either a low 
dose (equivalent to the patient’s previous oral dose) or a high dose (2.5 times the previ-
ous oral dose). The protocol allowed specified dose adjustments after 48 hours. The 
coprimary end points were patients’ global assessment of symptoms, quantified as 
the area under the curve (AUC) of the score on a visual-analogue scale over the course 
of 72 hours, and the change in the serum creatinine level from baseline to 72 hours.
Results
In the comparison of bolus with continuous infusion, there was no significant dif-
ference in patients’ global assessment of symptoms (mean AUC, 4236±1440 and 
4373±1404, respectively; P = 0.47) or in the mean change in the creatinine level 
(0.05±0.3 mg per deciliter [4.4±26.5 µmol per liter] and 0.07±0.3 mg per deciliter 
[6.2±26.5 µmol per liter], respectively; P = 0.45). In the comparison of the high-dose 
strategy with the low-dose strategy, there was a nonsignificant trend toward greater 
improvement in patients’ global assessment of symptoms in the high-dose group 
(mean AUC, 4430±1401 vs. 4171±1436; P = 0.06). There was no significant differ-
ence between these groups in the mean change in the creatinine level (0.08±0.3 mg 
per deciliter [7.1±26.5 µmol per liter] with the high-dose strategy and 0.04±0.3 mg per 
deciliter [3.5±26.5 µmol per liter] with the low-dose strategy, P = 0.21). The high-dose 
strategy was associated with greater diuresis and more favorable outcomes in some 
secondary measures but also with transient worsening of renal function.
Conclusions
Among patients with acute decompensated heart failure, there were no significant 
differences in patients’ global assessment of symptoms or in the change in renal 
function when diuretic therapy was administered by bolus as compared with con-
tinuous infusion or at a high dose as compared with a low dose. (Funded by the 
National Heart, Lung, and Blood Institute; ClinicalTrials.gov number, NCT00577135.)
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at 72 hours)
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• No difference in △ in Global VAS 
at 72 hours in the Bolus vs Continuous 
infusion group

• No difference in △ in Global VAS 
at 72 hours in the Low dose vs High 
dose diuretic group
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Bolus versus Continuous Infusion

Patients who were assigned to intravenous bo-
luses of furosemide every 12 hours were more 
likely to require a dose increase at 48 hours than 
were those assigned to continuous intravenous 
infusion (21% vs. 11%, P = 0.01). There was no 
significant difference between these groups in 
the likelihood of a switch to oral diuretics at 48 
hours (22% in the bolus group and 26% in the 
continuous-infusion group, P = 0.44). The medi-
an total dose of loop diuretics received over the 
course of 72 hours (in intravenous furosemide 
equivalents) was 592 mg in the bolus group as 
compared with 480 mg in the continuous-infu-
sion group (P = 0.06) (for details, see Section 5 in 
the Supplementary Appendix).

There was no significant difference between 
the two treatment groups in the primary efficacy 
end point of patient-reported global assessment 
of symptoms (mean AUC, 4236±1440 with bo-
luses and 4373±1404 with continuous infusion; 
P = 0.47) (Fig. 1). There was also no significant 
between-group difference in the primary safety 
end point of the change in serum creatinine level 
from baseline to 72 hours (mean change in cre-
atinine level, 0.05±0.3 mg per deciliter [4.4±26.5 
µmol per liter] with boluses and 0.07±0.3 mg 
per deciliter [6.2±26.5 µmol per liter] with con-
tinuous infusion; P = 0.45) (Fig. 2). There was no 
evidence of an interaction between factorial groups 
(i.e., between the mode of administration and the 
dosing strategy) for either the primary efficacy 
end point (P = 0.93) or the primary safety end 
point (P = 0.70). There were also no significant 
between-group differences across a variety of sec-
ondary end points (Table 2). Serum creatinine 
and cystatin C levels were similar between the 
groups during the index hospitalization and at 
60 days (see Section 6 in the Supplementary Ap-
pendix).

Low-Dose versus High-Dose Strategy
Patients assigned to the high-dose strategy were 
more likely to change to oral diuretics at 48 hours 
than were those assigned to the low-dose strategy 
(31% vs. 17%, P<0.001). Conversely, patients in 
the low-dose group were more likely to require 
a 50% increase in the dose at 48 hours than were 
those in the high-dose group (24% vs. 9%, 
P = 0.003). The median total dose of loop diuret-
ics received over the course of 72 hours (in intra-
venous furosemide equivalents) was 358 mg with 

the low-dose strategy as compared with 773 mg 
with the high-dose strategy (P<0.001) (for details, 
see Section 5 in the Supplementary Appendix).

There was a nonsignificant trend toward great-
er improvement in the primary efficacy end point 
in the high-dose group than in the low-dose 
group (mean AUC, 4430±1401 vs. 4171±1436; 
P = 0.06) (Fig. 1). There was no significant differ-
ence between these two treatment groups in the 
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Figure 1. Patients’ Global Assessment of Symptoms during the 72-Hour 
Study-Treatment Period.

Patients’ global assessment of symptoms was measured with the use of a 
visual-analogue scale and quantified as the area under the curve (AUC) of 
serial assessments from baseline to 72 hours. Mean (±SD) AUCs are shown 
for the group that received boluses every 12 hours as compared with the 
group that received a continuous infusion (Panel A) and for the group that 
received a low dose of the diuretic (equivalent to the patients’ previous oral 
dose) as compared with the group that received a high dose (2.5 times the 
previous oral dose) (Panel B). Plus–minus values are means ±SD.
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DIURETICS

• No difference in △ in Creatinine at 
72 hours in the Bolus vs Continuous 
infusion group

• No difference in △ in Creatinine at 
72 hours in the Low dose vs High dose 
diuretic group



DIURETICS

• Visual Analog Scale (AUC) for 
Dyspnea at 72◦

• Pts in High Dose group 
were less dyspneic at 72◦  



DIURETICS

• A higher percentage of pts in 
the High Dose group 
experienced an increase in 
Creatinine > 0.3 mg/dl



DIURETICS

• High Dose group also 
associated with greater weight 
loss & net fluid loss

• Trend towards greater 
reduction in NT-pro BNP



DIURETICS

• No difference in composite 
endpoints of Death, 
Rehospitalization or ED visit in the 
Bolus vs Continuous infusion group

• No difference in composite 
endpoints of Death, 
Rehospitalization or ED visit in the 
Low dose vs High dose diuretic group

p = 0.28

p = 0.41



ARMAMENTARIUM

• Ultrafiltration
• Vasodilators
• Inotropes
• Arginine Vasopressor Antagonists
• Mechanical Circulatory Support*

• Diuretics
Ultrafiltration
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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)
© 2007 by the American College of Cardiology Foundation
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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-

mend that therapy of patients with HF be aimed at
achieving euvolemia (6).

See page 684
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• UF associated with greater weight 
and fluid loss

• No difference in change in creatinine
• UF associated with lower ADHF 

readmission rates
• BUT…the diuretic regimen in the 

standard of care arm was not very 
robust
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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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for imputation of data on creatinine level and 
weight. Two patients who were randomly as-
signed to ultrafiltration were not included in the 
primary end-point analysis owing to missing base-
line data on creatinine level (1 patient) or lack of 
all post-baseline data on creatinine level (1 pa-
tient). Cumulative event rates for secondary end 
points involving time-to-event data were estimat-
ed with the use of the Kaplan–Meier method.12 
Hazard ratios, their 95% confidence intervals, 
and P values for the comparison of the two treat-
ment 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 analyses 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 metolazone 
within the first 7 days, 5% were treated with in-
travenous 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 
(16%), difficulties developed with vascular ac-
cess (9%), and thrombosis of the ultrafiltration 
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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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(1.9 ! 0.9 mg/dl vs. 1.5 ! 0.8 mg/dl, p " 0.007) and at
discharge (2.2 ! 1.1 mg/dl vs. 1.4 ! 0.7 mg/dl, p # 0.001).
Impact of medication on development of WRF. Subjects
who developed WRF versus those who did not had compara-
ble baseline medication use on admission, with the exception
of lower spironolactone utilization (Table 1). Overall, no
statistically significant differences in medication use during
PAC-guided therapy were observed. The mean dose of furo-
semide during intensive medical therapy guided by PAC was
similar among patients who did and did not develop WRF
(117 ! 130 mg/day and 116 ! 81 mg/day, respectively, p "
NS). One-half of the patients in both groups received furo-
semide through continuous parental infusion.

Baseline hemodynamic predictors of incident WRF. Table 2
illustrates the baseline hemodynamic measurements strati-
fied by the presence or absence of incident WRF. All
subjects showed signs of impaired hemodynamics with
impaired CI and increased right- and left-sided filling
pressures at baseline. Heart rate, systolic arterial blood
pressure, PCWP, and systolic pulmonary artery pressure at
baseline were comparable (p " NS) between the 2 cohorts
and were not predictive for WRF.

There was an incremental risk in WRF with increasing
categories of baseline CVP, with 75% of subjects presenting
with a baseline CVP $24 mm Hg developing WRF (Fig. 1).
Furthermore, the mean baseline CVP was statistically greater

Figure 1 Prevalence of Worsening Renal Function During Hospitalization
According to Categories of Admission CVP, CI, SBP, and PCWP

CI " cardiac index; Cr " serum creatinine; CVP " central venous pressure; PCWP " pulmonary capillary wedge pressure; SBP " systolic blood pressure.

Hemodynamic Variables on Admission and Time of PAC in All Patients and StratifiedAccording to Those Who Developed WRF (n ! 58) and Those Who Did Not (n ! 87)

Table 2 Hemodynamic Variables on Admission and Time of PAC in All Patients and Stratified
According to Those Who Developed WRF (n ! 58) and Those Who Did Not (n ! 87)

All Patients (n ! 145) Patients With WRF (n ! 58) Patients Without WRF (n ! 87)

Baseline Follow-Up p Value Baseline Follow-Up p Value Baseline Follow-Up p Value

HR (beats/min) 88 ! 40 89 ! 18 NS 86 ! 22* 90 ! 16* NS 89 ! 46 88 ! 19 NS

SBP (mm Hg) 109 ! 18 109 ! 18 NS 111 ! 21* 110 ! 25* NS 108 ! 15 109 ! 15 NS

CVP (mm Hg) 14 ! 7 9 ! 6 #0.001 18 ! 7† 11 ! 8‡ #0.001 12 ! 6 8 ! 5 #0.001

SPA (mm Hg) 55 ! 15 46 ! 7 #0.001 57 ! 13* 49 ! 15* #0.001 54 ! 16 46 ! 12 #0.001

PCWP (mm Hg) 24 ! 7 18 ! 5 #0.001 25 ! 7* 19 ! 5* #0.001 24 ! 7 18 ! 5 #0.001

CI (l/min/m2) 1.9 ! 0.6 2.5 ! 0.6 #0.001 2.0 ! 0.8§ 2.7 ! 0.7! #0.001 1.8 ! 0.4 2.4 ! 0.5 #0.001

*p " NS, †p # 0.001, ‡p " 0.04, §p " 0.008, !p " 0.01 between patients who did and did not develop worsening renal function at the same moment in time.
CI " cardiac index; CVP " central venous pressure; HR " heart rate; PCWP " pulmonary capillary wedge pressure; SBP " systolic arterial blood pressure; SPA " systolic pulmonary artery pressure; other

abbreviations as in Table 1.

592 Mullens et al. JACC Vol. 53, No. 7, 2009
Venous Congestion and Worsening Renal Function February 17, 2009:589–96

(1.9 ! 0.9 mg/dl vs. 1.5 ! 0.8 mg/dl, p " 0.007) and at
discharge (2.2 ! 1.1 mg/dl vs. 1.4 ! 0.7 mg/dl, p # 0.001).
Impact of medication on development of WRF. Subjects
who developed WRF versus those who did not had compara-
ble baseline medication use on admission, with the exception
of lower spironolactone utilization (Table 1). Overall, no
statistically significant differences in medication use during
PAC-guided therapy were observed. The mean dose of furo-
semide during intensive medical therapy guided by PAC was
similar among patients who did and did not develop WRF
(117 ! 130 mg/day and 116 ! 81 mg/day, respectively, p "
NS). One-half of the patients in both groups received furo-
semide through continuous parental infusion.

Baseline hemodynamic predictors of incident WRF. Table 2
illustrates the baseline hemodynamic measurements strati-
fied by the presence or absence of incident WRF. All
subjects showed signs of impaired hemodynamics with
impaired CI and increased right- and left-sided filling
pressures at baseline. Heart rate, systolic arterial blood
pressure, PCWP, and systolic pulmonary artery pressure at
baseline were comparable (p " NS) between the 2 cohorts
and were not predictive for WRF.

There was an incremental risk in WRF with increasing
categories of baseline CVP, with 75% of subjects presenting
with a baseline CVP $24 mm Hg developing WRF (Fig. 1).
Furthermore, the mean baseline CVP was statistically greater

Figure 1 Prevalence of Worsening Renal Function During Hospitalization
According to Categories of Admission CVP, CI, SBP, and PCWP

CI " cardiac index; Cr " serum creatinine; CVP " central venous pressure; PCWP " pulmonary capillary wedge pressure; SBP " systolic blood pressure.

Hemodynamic Variables on Admission and Time of PAC in All Patients and StratifiedAccording to Those Who Developed WRF (n ! 58) and Those Who Did Not (n ! 87)

Table 2 Hemodynamic Variables on Admission and Time of PAC in All Patients and Stratified
According to Those Who Developed WRF (n ! 58) and Those Who Did Not (n ! 87)

All Patients (n ! 145) Patients With WRF (n ! 58) Patients Without WRF (n ! 87)

Baseline Follow-Up p Value Baseline Follow-Up p Value Baseline Follow-Up p Value

HR (beats/min) 88 ! 40 89 ! 18 NS 86 ! 22* 90 ! 16* NS 89 ! 46 88 ! 19 NS

SBP (mm Hg) 109 ! 18 109 ! 18 NS 111 ! 21* 110 ! 25* NS 108 ! 15 109 ! 15 NS

CVP (mm Hg) 14 ! 7 9 ! 6 #0.001 18 ! 7† 11 ! 8‡ #0.001 12 ! 6 8 ! 5 #0.001

SPA (mm Hg) 55 ! 15 46 ! 7 #0.001 57 ! 13* 49 ! 15* #0.001 54 ! 16 46 ! 12 #0.001

PCWP (mm Hg) 24 ! 7 18 ! 5 #0.001 25 ! 7* 19 ! 5* #0.001 24 ! 7 18 ! 5 #0.001

CI (l/min/m2) 1.9 ! 0.6 2.5 ! 0.6 #0.001 2.0 ! 0.8§ 2.7 ! 0.7! #0.001 1.8 ! 0.4 2.4 ! 0.5 #0.001

*p " NS, †p # 0.001, ‡p " 0.04, §p " 0.008, !p " 0.01 between patients who did and did not develop worsening renal function at the same moment in time.
CI " cardiac index; CVP " central venous pressure; HR " heart rate; PCWP " pulmonary capillary wedge pressure; SBP " systolic arterial blood pressure; SPA " systolic pulmonary artery pressure; other

abbreviations as in Table 1.

592 Mullens et al. JACC Vol. 53, No. 7, 2009
Venous Congestion and Worsening Renal Function February 17, 2009:589–96

(1.9 ! 0.9 mg/dl vs. 1.5 ! 0.8 mg/dl, p " 0.007) and at
discharge (2.2 ! 1.1 mg/dl vs. 1.4 ! 0.7 mg/dl, p # 0.001).
Impact of medication on development of WRF. Subjects
who developed WRF versus those who did not had compara-
ble baseline medication use on admission, with the exception
of lower spironolactone utilization (Table 1). Overall, no
statistically significant differences in medication use during
PAC-guided therapy were observed. The mean dose of furo-
semide during intensive medical therapy guided by PAC was
similar among patients who did and did not develop WRF
(117 ! 130 mg/day and 116 ! 81 mg/day, respectively, p "
NS). One-half of the patients in both groups received furo-
semide through continuous parental infusion.

Baseline hemodynamic predictors of incident WRF. Table 2
illustrates the baseline hemodynamic measurements strati-
fied by the presence or absence of incident WRF. All
subjects showed signs of impaired hemodynamics with
impaired CI and increased right- and left-sided filling
pressures at baseline. Heart rate, systolic arterial blood
pressure, PCWP, and systolic pulmonary artery pressure at
baseline were comparable (p " NS) between the 2 cohorts
and were not predictive for WRF.

There was an incremental risk in WRF with increasing
categories of baseline CVP, with 75% of subjects presenting
with a baseline CVP $24 mm Hg developing WRF (Fig. 1).
Furthermore, the mean baseline CVP was statistically greater

Figure 1 Prevalence of Worsening Renal Function During Hospitalization
According to Categories of Admission CVP, CI, SBP, and PCWP

CI " cardiac index; Cr " serum creatinine; CVP " central venous pressure; PCWP " pulmonary capillary wedge pressure; SBP " systolic blood pressure.

Hemodynamic Variables on Admission and Time of PAC in All Patients and StratifiedAccording to Those Who Developed WRF (n ! 58) and Those Who Did Not (n ! 87)

Table 2 Hemodynamic Variables on Admission and Time of PAC in All Patients and Stratified
According to Those Who Developed WRF (n ! 58) and Those Who Did Not (n ! 87)

All Patients (n ! 145) Patients With WRF (n ! 58) Patients Without WRF (n ! 87)

Baseline Follow-Up p Value Baseline Follow-Up p Value Baseline Follow-Up p Value

HR (beats/min) 88 ! 40 89 ! 18 NS 86 ! 22* 90 ! 16* NS 89 ! 46 88 ! 19 NS

SBP (mm Hg) 109 ! 18 109 ! 18 NS 111 ! 21* 110 ! 25* NS 108 ! 15 109 ! 15 NS

CVP (mm Hg) 14 ! 7 9 ! 6 #0.001 18 ! 7† 11 ! 8‡ #0.001 12 ! 6 8 ! 5 #0.001

SPA (mm Hg) 55 ! 15 46 ! 7 #0.001 57 ! 13* 49 ! 15* #0.001 54 ! 16 46 ! 12 #0.001

PCWP (mm Hg) 24 ! 7 18 ! 5 #0.001 25 ! 7* 19 ! 5* #0.001 24 ! 7 18 ! 5 #0.001

CI (l/min/m2) 1.9 ! 0.6 2.5 ! 0.6 #0.001 2.0 ! 0.8§ 2.7 ! 0.7! #0.001 1.8 ! 0.4 2.4 ! 0.5 #0.001

*p " NS, †p # 0.001, ‡p " 0.04, §p " 0.008, !p " 0.01 between patients who did and did not develop worsening renal function at the same moment in time.
CI " cardiac index; CVP " central venous pressure; HR " heart rate; PCWP " pulmonary capillary wedge pressure; SBP " systolic arterial blood pressure; SPA " systolic pulmonary artery pressure; other

abbreviations as in Table 1.

592 Mullens et al. JACC Vol. 53, No. 7, 2009
Venous Congestion and Worsening Renal Function February 17, 2009:589–96



CARDIORENAL SYNDROME (TYPE I)

Mullens et al, JACC 2009 (53) 589-96 

Acute worsening of heart function leading to kidney injury and/or dysfunction

(1.9 ! 0.9 mg/dl vs. 1.5 ! 0.8 mg/dl, p " 0.007) and at
discharge (2.2 ! 1.1 mg/dl vs. 1.4 ! 0.7 mg/dl, p # 0.001).
Impact of medication on development of WRF. Subjects
who developed WRF versus those who did not had compara-
ble baseline medication use on admission, with the exception
of lower spironolactone utilization (Table 1). Overall, no
statistically significant differences in medication use during
PAC-guided therapy were observed. The mean dose of furo-
semide during intensive medical therapy guided by PAC was
similar among patients who did and did not develop WRF
(117 ! 130 mg/day and 116 ! 81 mg/day, respectively, p "
NS). One-half of the patients in both groups received furo-
semide through continuous parental infusion.

Baseline hemodynamic predictors of incident WRF. Table 2
illustrates the baseline hemodynamic measurements strati-
fied by the presence or absence of incident WRF. All
subjects showed signs of impaired hemodynamics with
impaired CI and increased right- and left-sided filling
pressures at baseline. Heart rate, systolic arterial blood
pressure, PCWP, and systolic pulmonary artery pressure at
baseline were comparable (p " NS) between the 2 cohorts
and were not predictive for WRF.

There was an incremental risk in WRF with increasing
categories of baseline CVP, with 75% of subjects presenting
with a baseline CVP $24 mm Hg developing WRF (Fig. 1).
Furthermore, the mean baseline CVP was statistically greater

Figure 1 Prevalence of Worsening Renal Function During Hospitalization
According to Categories of Admission CVP, CI, SBP, and PCWP

CI " cardiac index; Cr " serum creatinine; CVP " central venous pressure; PCWP " pulmonary capillary wedge pressure; SBP " systolic blood pressure.

Hemodynamic Variables on Admission and Time of PAC in All Patients and StratifiedAccording to Those Who Developed WRF (n ! 58) and Those Who Did Not (n ! 87)

Table 2 Hemodynamic Variables on Admission and Time of PAC in All Patients and Stratified
According to Those Who Developed WRF (n ! 58) and Those Who Did Not (n ! 87)

All Patients (n ! 145) Patients With WRF (n ! 58) Patients Without WRF (n ! 87)

Baseline Follow-Up p Value Baseline Follow-Up p Value Baseline Follow-Up p Value

HR (beats/min) 88 ! 40 89 ! 18 NS 86 ! 22* 90 ! 16* NS 89 ! 46 88 ! 19 NS

SBP (mm Hg) 109 ! 18 109 ! 18 NS 111 ! 21* 110 ! 25* NS 108 ! 15 109 ! 15 NS

CVP (mm Hg) 14 ! 7 9 ! 6 #0.001 18 ! 7† 11 ! 8‡ #0.001 12 ! 6 8 ! 5 #0.001

SPA (mm Hg) 55 ! 15 46 ! 7 #0.001 57 ! 13* 49 ! 15* #0.001 54 ! 16 46 ! 12 #0.001

PCWP (mm Hg) 24 ! 7 18 ! 5 #0.001 25 ! 7* 19 ! 5* #0.001 24 ! 7 18 ! 5 #0.001

CI (l/min/m2) 1.9 ! 0.6 2.5 ! 0.6 #0.001 2.0 ! 0.8§ 2.7 ! 0.7! #0.001 1.8 ! 0.4 2.4 ! 0.5 #0.001

*p " NS, †p # 0.001, ‡p " 0.04, §p " 0.008, !p " 0.01 between patients who did and did not develop worsening renal function at the same moment in time.
CI " cardiac index; CVP " central venous pressure; HR " heart rate; PCWP " pulmonary capillary wedge pressure; SBP " systolic arterial blood pressure; SPA " systolic pulmonary artery pressure; other

abbreviations as in Table 1.

592 Mullens et al. JACC Vol. 53, No. 7, 2009
Venous Congestion and Worsening Renal Function February 17, 2009:589–96

(1.9 ! 0.9 mg/dl vs. 1.5 ! 0.8 mg/dl, p " 0.007) and at
discharge (2.2 ! 1.1 mg/dl vs. 1.4 ! 0.7 mg/dl, p # 0.001).
Impact of medication on development of WRF. Subjects
who developed WRF versus those who did not had compara-
ble baseline medication use on admission, with the exception
of lower spironolactone utilization (Table 1). Overall, no
statistically significant differences in medication use during
PAC-guided therapy were observed. The mean dose of furo-
semide during intensive medical therapy guided by PAC was
similar among patients who did and did not develop WRF
(117 ! 130 mg/day and 116 ! 81 mg/day, respectively, p "
NS). One-half of the patients in both groups received furo-
semide through continuous parental infusion.

Baseline hemodynamic predictors of incident WRF. Table 2
illustrates the baseline hemodynamic measurements strati-
fied by the presence or absence of incident WRF. All
subjects showed signs of impaired hemodynamics with
impaired CI and increased right- and left-sided filling
pressures at baseline. Heart rate, systolic arterial blood
pressure, PCWP, and systolic pulmonary artery pressure at
baseline were comparable (p " NS) between the 2 cohorts
and were not predictive for WRF.

There was an incremental risk in WRF with increasing
categories of baseline CVP, with 75% of subjects presenting
with a baseline CVP $24 mm Hg developing WRF (Fig. 1).
Furthermore, the mean baseline CVP was statistically greater

Figure 1 Prevalence of Worsening Renal Function During Hospitalization
According to Categories of Admission CVP, CI, SBP, and PCWP

CI " cardiac index; Cr " serum creatinine; CVP " central venous pressure; PCWP " pulmonary capillary wedge pressure; SBP " systolic blood pressure.

Hemodynamic Variables on Admission and Time of PAC in All Patients and StratifiedAccording to Those Who Developed WRF (n ! 58) and Those Who Did Not (n ! 87)

Table 2 Hemodynamic Variables on Admission and Time of PAC in All Patients and Stratified
According to Those Who Developed WRF (n ! 58) and Those Who Did Not (n ! 87)
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Baseline Follow-Up p Value Baseline Follow-Up p Value Baseline Follow-Up p Value

HR (beats/min) 88 ! 40 89 ! 18 NS 86 ! 22* 90 ! 16* NS 89 ! 46 88 ! 19 NS

SBP (mm Hg) 109 ! 18 109 ! 18 NS 111 ! 21* 110 ! 25* NS 108 ! 15 109 ! 15 NS

CVP (mm Hg) 14 ! 7 9 ! 6 #0.001 18 ! 7† 11 ! 8‡ #0.001 12 ! 6 8 ! 5 #0.001

SPA (mm Hg) 55 ! 15 46 ! 7 #0.001 57 ! 13* 49 ! 15* #0.001 54 ! 16 46 ! 12 #0.001

PCWP (mm Hg) 24 ! 7 18 ! 5 #0.001 25 ! 7* 19 ! 5* #0.001 24 ! 7 18 ! 5 #0.001
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(1.9 ! 0.9 mg/dl vs. 1.5 ! 0.8 mg/dl, p " 0.007) and at
discharge (2.2 ! 1.1 mg/dl vs. 1.4 ! 0.7 mg/dl, p # 0.001).
Impact of medication on development of WRF. Subjects
who developed WRF versus those who did not had compara-
ble baseline medication use on admission, with the exception
of lower spironolactone utilization (Table 1). Overall, no
statistically significant differences in medication use during
PAC-guided therapy were observed. The mean dose of furo-
semide during intensive medical therapy guided by PAC was
similar among patients who did and did not develop WRF
(117 ! 130 mg/day and 116 ! 81 mg/day, respectively, p "
NS). One-half of the patients in both groups received furo-
semide through continuous parental infusion.

Baseline hemodynamic predictors of incident WRF. Table 2
illustrates the baseline hemodynamic measurements strati-
fied by the presence or absence of incident WRF. All
subjects showed signs of impaired hemodynamics with
impaired CI and increased right- and left-sided filling
pressures at baseline. Heart rate, systolic arterial blood
pressure, PCWP, and systolic pulmonary artery pressure at
baseline were comparable (p " NS) between the 2 cohorts
and were not predictive for WRF.

There was an incremental risk in WRF with increasing
categories of baseline CVP, with 75% of subjects presenting
with a baseline CVP $24 mm Hg developing WRF (Fig. 1).
Furthermore, the mean baseline CVP was statistically greater
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(1.9 ! 0.9 mg/dl vs. 1.5 ! 0.8 mg/dl, p " 0.007) and at
discharge (2.2 ! 1.1 mg/dl vs. 1.4 ! 0.7 mg/dl, p # 0.001).
Impact of medication on development of WRF. Subjects
who developed WRF versus those who did not had compara-
ble baseline medication use on admission, with the exception
of lower spironolactone utilization (Table 1). Overall, no
statistically significant differences in medication use during
PAC-guided therapy were observed. The mean dose of furo-
semide during intensive medical therapy guided by PAC was
similar among patients who did and did not develop WRF
(117 ! 130 mg/day and 116 ! 81 mg/day, respectively, p "
NS). One-half of the patients in both groups received furo-
semide through continuous parental infusion.

Baseline hemodynamic predictors of incident WRF. Table 2
illustrates the baseline hemodynamic measurements strati-
fied by the presence or absence of incident WRF. All
subjects showed signs of impaired hemodynamics with
impaired CI and increased right- and left-sided filling
pressures at baseline. Heart rate, systolic arterial blood
pressure, PCWP, and systolic pulmonary artery pressure at
baseline were comparable (p " NS) between the 2 cohorts
and were not predictive for WRF.

There was an incremental risk in WRF with increasing
categories of baseline CVP, with 75% of subjects presenting
with a baseline CVP $24 mm Hg developing WRF (Fig. 1).
Furthermore, the mean baseline CVP was statistically greater
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CVP (mm Hg) 14 ! 7 9 ! 6 #0.001 18 ! 7† 11 ! 8‡ #0.001 12 ! 6 8 ! 5 #0.001

SPA (mm Hg) 55 ! 15 46 ! 7 #0.001 57 ! 13* 49 ! 15* #0.001 54 ! 16 46 ! 12 #0.001

PCWP (mm Hg) 24 ! 7 18 ! 5 #0.001 25 ! 7* 19 ! 5* #0.001 24 ! 7 18 ! 5 #0.001

CI (l/min/m2) 1.9 ! 0.6 2.5 ! 0.6 #0.001 2.0 ! 0.8§ 2.7 ! 0.7! #0.001 1.8 ! 0.4 2.4 ! 0.5 #0.001
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(1.9 ! 0.9 mg/dl vs. 1.5 ! 0.8 mg/dl, p " 0.007) and at
discharge (2.2 ! 1.1 mg/dl vs. 1.4 ! 0.7 mg/dl, p # 0.001).
Impact of medication on development of WRF. Subjects
who developed WRF versus those who did not had compara-
ble baseline medication use on admission, with the exception
of lower spironolactone utilization (Table 1). Overall, no
statistically significant differences in medication use during
PAC-guided therapy were observed. The mean dose of furo-
semide during intensive medical therapy guided by PAC was
similar among patients who did and did not develop WRF
(117 ! 130 mg/day and 116 ! 81 mg/day, respectively, p "
NS). One-half of the patients in both groups received furo-
semide through continuous parental infusion.

Baseline hemodynamic predictors of incident WRF. Table 2
illustrates the baseline hemodynamic measurements strati-
fied by the presence or absence of incident WRF. All
subjects showed signs of impaired hemodynamics with
impaired CI and increased right- and left-sided filling
pressures at baseline. Heart rate, systolic arterial blood
pressure, PCWP, and systolic pulmonary artery pressure at
baseline were comparable (p " NS) between the 2 cohorts
and were not predictive for WRF.

There was an incremental risk in WRF with increasing
categories of baseline CVP, with 75% of subjects presenting
with a baseline CVP $24 mm Hg developing WRF (Fig. 1).
Furthermore, the mean baseline CVP was statistically greater
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CVP (mm Hg) 14 ! 7 9 ! 6 #0.001 18 ! 7† 11 ! 8‡ #0.001 12 ! 6 8 ! 5 #0.001

SPA (mm Hg) 55 ! 15 46 ! 7 #0.001 57 ! 13* 49 ! 15* #0.001 54 ! 16 46 ! 12 #0.001

PCWP (mm Hg) 24 ! 7 18 ! 5 #0.001 25 ! 7* 19 ! 5* #0.001 24 ! 7 18 ! 5 #0.001

CI (l/min/m2) 1.9 ! 0.6 2.5 ! 0.6 #0.001 2.0 ! 0.8§ 2.7 ! 0.7! #0.001 1.8 ! 0.4 2.4 ! 0.5 #0.001
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(1.9 ! 0.9 mg/dl vs. 1.5 ! 0.8 mg/dl, p " 0.007) and at
discharge (2.2 ! 1.1 mg/dl vs. 1.4 ! 0.7 mg/dl, p # 0.001).
Impact of medication on development of WRF. Subjects
who developed WRF versus those who did not had compara-
ble baseline medication use on admission, with the exception
of lower spironolactone utilization (Table 1). Overall, no
statistically significant differences in medication use during
PAC-guided therapy were observed. The mean dose of furo-
semide during intensive medical therapy guided by PAC was
similar among patients who did and did not develop WRF
(117 ! 130 mg/day and 116 ! 81 mg/day, respectively, p "
NS). One-half of the patients in both groups received furo-
semide through continuous parental infusion.

Baseline hemodynamic predictors of incident WRF. Table 2
illustrates the baseline hemodynamic measurements strati-
fied by the presence or absence of incident WRF. All
subjects showed signs of impaired hemodynamics with
impaired CI and increased right- and left-sided filling
pressures at baseline. Heart rate, systolic arterial blood
pressure, PCWP, and systolic pulmonary artery pressure at
baseline were comparable (p " NS) between the 2 cohorts
and were not predictive for WRF.

There was an incremental risk in WRF with increasing
categories of baseline CVP, with 75% of subjects presenting
with a baseline CVP $24 mm Hg developing WRF (Fig. 1).
Furthermore, the mean baseline CVP was statistically greater
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SPA (mm Hg) 55 ! 15 46 ! 7 #0.001 57 ! 13* 49 ! 15* #0.001 54 ! 16 46 ! 12 #0.001

PCWP (mm Hg) 24 ! 7 18 ! 5 #0.001 25 ! 7* 19 ! 5* #0.001 24 ! 7 18 ! 5 #0.001

CI (l/min/m2) 1.9 ! 0.6 2.5 ! 0.6 #0.001 2.0 ! 0.8§ 2.7 ! 0.7! #0.001 1.8 ! 0.4 2.4 ! 0.5 #0.001
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(1.9 ! 0.9 mg/dl vs. 1.5 ! 0.8 mg/dl, p " 0.007) and at
discharge (2.2 ! 1.1 mg/dl vs. 1.4 ! 0.7 mg/dl, p # 0.001).
Impact of medication on development of WRF. Subjects
who developed WRF versus those who did not had compara-
ble baseline medication use on admission, with the exception
of lower spironolactone utilization (Table 1). Overall, no
statistically significant differences in medication use during
PAC-guided therapy were observed. The mean dose of furo-
semide during intensive medical therapy guided by PAC was
similar among patients who did and did not develop WRF
(117 ! 130 mg/day and 116 ! 81 mg/day, respectively, p "
NS). One-half of the patients in both groups received furo-
semide through continuous parental infusion.

Baseline hemodynamic predictors of incident WRF. Table 2
illustrates the baseline hemodynamic measurements strati-
fied by the presence or absence of incident WRF. All
subjects showed signs of impaired hemodynamics with
impaired CI and increased right- and left-sided filling
pressures at baseline. Heart rate, systolic arterial blood
pressure, PCWP, and systolic pulmonary artery pressure at
baseline were comparable (p " NS) between the 2 cohorts
and were not predictive for WRF.

There was an incremental risk in WRF with increasing
categories of baseline CVP, with 75% of subjects presenting
with a baseline CVP $24 mm Hg developing WRF (Fig. 1).
Furthermore, the mean baseline CVP was statistically greater
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CVP (mm Hg) 14 ! 7 9 ! 6 #0.001 18 ! 7† 11 ! 8‡ #0.001 12 ! 6 8 ! 5 #0.001

SPA (mm Hg) 55 ! 15 46 ! 7 #0.001 57 ! 13* 49 ! 15* #0.001 54 ! 16 46 ! 12 #0.001

PCWP (mm Hg) 24 ! 7 18 ! 5 #0.001 25 ! 7* 19 ! 5* #0.001 24 ! 7 18 ! 5 #0.001

CI (l/min/m2) 1.9 ! 0.6 2.5 ! 0.6 #0.001 2.0 ! 0.8§ 2.7 ! 0.7! #0.001 1.8 ! 0.4 2.4 ! 0.5 #0.001

*p " NS, †p # 0.001, ‡p " 0.04, §p " 0.008, !p " 0.01 between patients who did and did not develop worsening renal function at the same moment in time.
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(1.9 ! 0.9 mg/dl vs. 1.5 ! 0.8 mg/dl, p " 0.007) and at
discharge (2.2 ! 1.1 mg/dl vs. 1.4 ! 0.7 mg/dl, p # 0.001).
Impact of medication on development of WRF. Subjects
who developed WRF versus those who did not had compara-
ble baseline medication use on admission, with the exception
of lower spironolactone utilization (Table 1). Overall, no
statistically significant differences in medication use during
PAC-guided therapy were observed. The mean dose of furo-
semide during intensive medical therapy guided by PAC was
similar among patients who did and did not develop WRF
(117 ! 130 mg/day and 116 ! 81 mg/day, respectively, p "
NS). One-half of the patients in both groups received furo-
semide through continuous parental infusion.

Baseline hemodynamic predictors of incident WRF. Table 2
illustrates the baseline hemodynamic measurements strati-
fied by the presence or absence of incident WRF. All
subjects showed signs of impaired hemodynamics with
impaired CI and increased right- and left-sided filling
pressures at baseline. Heart rate, systolic arterial blood
pressure, PCWP, and systolic pulmonary artery pressure at
baseline were comparable (p " NS) between the 2 cohorts
and were not predictive for WRF.

There was an incremental risk in WRF with increasing
categories of baseline CVP, with 75% of subjects presenting
with a baseline CVP $24 mm Hg developing WRF (Fig. 1).
Furthermore, the mean baseline CVP was statistically greater
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(1.9 ! 0.9 mg/dl vs. 1.5 ! 0.8 mg/dl, p " 0.007) and at
discharge (2.2 ! 1.1 mg/dl vs. 1.4 ! 0.7 mg/dl, p # 0.001).
Impact of medication on development of WRF. Subjects
who developed WRF versus those who did not had compara-
ble baseline medication use on admission, with the exception
of lower spironolactone utilization (Table 1). Overall, no
statistically significant differences in medication use during
PAC-guided therapy were observed. The mean dose of furo-
semide during intensive medical therapy guided by PAC was
similar among patients who did and did not develop WRF
(117 ! 130 mg/day and 116 ! 81 mg/day, respectively, p "
NS). One-half of the patients in both groups received furo-
semide through continuous parental infusion.

Baseline hemodynamic predictors of incident WRF. Table 2
illustrates the baseline hemodynamic measurements strati-
fied by the presence or absence of incident WRF. All
subjects showed signs of impaired hemodynamics with
impaired CI and increased right- and left-sided filling
pressures at baseline. Heart rate, systolic arterial blood
pressure, PCWP, and systolic pulmonary artery pressure at
baseline were comparable (p " NS) between the 2 cohorts
and were not predictive for WRF.

There was an incremental risk in WRF with increasing
categories of baseline CVP, with 75% of subjects presenting
with a baseline CVP $24 mm Hg developing WRF (Fig. 1).
Furthermore, the mean baseline CVP was statistically greater
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PCWP (mm Hg) 24 ! 7 18 ! 5 #0.001 25 ! 7* 19 ! 5* #0.001 24 ! 7 18 ! 5 #0.001

CI (l/min/m2) 1.9 ! 0.6 2.5 ! 0.6 #0.001 2.0 ! 0.8§ 2.7 ! 0.7! #0.001 1.8 ! 0.4 2.4 ! 0.5 #0.001
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(1.9 ! 0.9 mg/dl vs. 1.5 ! 0.8 mg/dl, p " 0.007) and at
discharge (2.2 ! 1.1 mg/dl vs. 1.4 ! 0.7 mg/dl, p # 0.001).
Impact of medication on development of WRF. Subjects
who developed WRF versus those who did not had compara-
ble baseline medication use on admission, with the exception
of lower spironolactone utilization (Table 1). Overall, no
statistically significant differences in medication use during
PAC-guided therapy were observed. The mean dose of furo-
semide during intensive medical therapy guided by PAC was
similar among patients who did and did not develop WRF
(117 ! 130 mg/day and 116 ! 81 mg/day, respectively, p "
NS). One-half of the patients in both groups received furo-
semide through continuous parental infusion.

Baseline hemodynamic predictors of incident WRF. Table 2
illustrates the baseline hemodynamic measurements strati-
fied by the presence or absence of incident WRF. All
subjects showed signs of impaired hemodynamics with
impaired CI and increased right- and left-sided filling
pressures at baseline. Heart rate, systolic arterial blood
pressure, PCWP, and systolic pulmonary artery pressure at
baseline were comparable (p " NS) between the 2 cohorts
and were not predictive for WRF.

There was an incremental risk in WRF with increasing
categories of baseline CVP, with 75% of subjects presenting
with a baseline CVP $24 mm Hg developing WRF (Fig. 1).
Furthermore, the mean baseline CVP was statistically greater
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All Patients (n ! 145) Patients With WRF (n ! 58) Patients Without WRF (n ! 87)

Baseline Follow-Up p Value Baseline Follow-Up p Value Baseline Follow-Up p Value

HR (beats/min) 88 ! 40 89 ! 18 NS 86 ! 22* 90 ! 16* NS 89 ! 46 88 ! 19 NS

SBP (mm Hg) 109 ! 18 109 ! 18 NS 111 ! 21* 110 ! 25* NS 108 ! 15 109 ! 15 NS

CVP (mm Hg) 14 ! 7 9 ! 6 #0.001 18 ! 7† 11 ! 8‡ #0.001 12 ! 6 8 ! 5 #0.001

SPA (mm Hg) 55 ! 15 46 ! 7 #0.001 57 ! 13* 49 ! 15* #0.001 54 ! 16 46 ! 12 #0.001

PCWP (mm Hg) 24 ! 7 18 ! 5 #0.001 25 ! 7* 19 ! 5* #0.001 24 ! 7 18 ! 5 #0.001

CI (l/min/m2) 1.9 ! 0.6 2.5 ! 0.6 #0.001 2.0 ! 0.8§ 2.7 ! 0.7! #0.001 1.8 ! 0.4 2.4 ! 0.5 #0.001

*p " NS, †p # 0.001, ‡p " 0.04, §p " 0.008, !p " 0.01 between patients who did and did not develop worsening renal function at the same moment in time.
CI " cardiac index; CVP " central venous pressure; HR " heart rate; PCWP " pulmonary capillary wedge pressure; SBP " systolic arterial blood pressure; SPA " systolic pulmonary artery pressure; other

abbreviations as in Table 1.
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(1.9 ! 0.9 mg/dl vs. 1.5 ! 0.8 mg/dl, p " 0.007) and at
discharge (2.2 ! 1.1 mg/dl vs. 1.4 ! 0.7 mg/dl, p # 0.001).
Impact of medication on development of WRF. Subjects
who developed WRF versus those who did not had compara-
ble baseline medication use on admission, with the exception
of lower spironolactone utilization (Table 1). Overall, no
statistically significant differences in medication use during
PAC-guided therapy were observed. The mean dose of furo-
semide during intensive medical therapy guided by PAC was
similar among patients who did and did not develop WRF
(117 ! 130 mg/day and 116 ! 81 mg/day, respectively, p "
NS). One-half of the patients in both groups received furo-
semide through continuous parental infusion.

Baseline hemodynamic predictors of incident WRF. Table 2
illustrates the baseline hemodynamic measurements strati-
fied by the presence or absence of incident WRF. All
subjects showed signs of impaired hemodynamics with
impaired CI and increased right- and left-sided filling
pressures at baseline. Heart rate, systolic arterial blood
pressure, PCWP, and systolic pulmonary artery pressure at
baseline were comparable (p " NS) between the 2 cohorts
and were not predictive for WRF.

There was an incremental risk in WRF with increasing
categories of baseline CVP, with 75% of subjects presenting
with a baseline CVP $24 mm Hg developing WRF (Fig. 1).
Furthermore, the mean baseline CVP was statistically greater

Figure 1 Prevalence of Worsening Renal Function During Hospitalization
According to Categories of Admission CVP, CI, SBP, and PCWP

CI " cardiac index; Cr " serum creatinine; CVP " central venous pressure; PCWP " pulmonary capillary wedge pressure; SBP " systolic blood pressure.
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All Patients (n ! 145) Patients With WRF (n ! 58) Patients Without WRF (n ! 87)

Baseline Follow-Up p Value Baseline Follow-Up p Value Baseline Follow-Up p Value

HR (beats/min) 88 ! 40 89 ! 18 NS 86 ! 22* 90 ! 16* NS 89 ! 46 88 ! 19 NS

SBP (mm Hg) 109 ! 18 109 ! 18 NS 111 ! 21* 110 ! 25* NS 108 ! 15 109 ! 15 NS
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PCWP (mm Hg) 24 ! 7 18 ! 5 #0.001 25 ! 7* 19 ! 5* #0.001 24 ! 7 18 ! 5 #0.001

CI (l/min/m2) 1.9 ! 0.6 2.5 ! 0.6 #0.001 2.0 ! 0.8§ 2.7 ! 0.7! #0.001 1.8 ! 0.4 2.4 ! 0.5 #0.001

*p " NS, †p # 0.001, ‡p " 0.04, §p " 0.008, !p " 0.01 between patients who did and did not develop worsening renal function at the same moment in time.
CI " cardiac index; CVP " central venous pressure; HR " heart rate; PCWP " pulmonary capillary wedge pressure; SBP " systolic arterial blood pressure; SPA " systolic pulmonary artery pressure; other

abbreviations as in Table 1.
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fied by the presence or absence of incident WRF. All
subjects showed signs of impaired hemodynamics with
impaired CI and increased right- and left-sided filling
pressures at baseline. Heart rate, systolic arterial blood
pressure, PCWP, and systolic pulmonary artery pressure at
baseline were comparable (p " NS) between the 2 cohorts
and were not predictive for WRF.

There was an incremental risk in WRF with increasing
categories of baseline CVP, with 75% of subjects presenting
with a baseline CVP $24 mm Hg developing WRF (Fig. 1).
Furthermore, the mean baseline CVP was statistically greater
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in subjects who developed WRF versus those with did not
(18 ! 7 mm Hg vs. 12 ! 6 mm Hg, p " 0.001). In addition,
a significant correlation between admission CVP and severity
of WRF was found (r # 0.4, p " 0.0001). Estimated renal
perfusion pressure on admission was similar among patients
who did and did not develop WRF (63 ! 15 mm Hg vs.
65 ! 12 mm Hg, p # 0.2).

The mean baseline CI was significantly greater (rather than
lower) in subjects who developed WRF versus those who did
not (2.0 ! 0.8 l/min/m2 vs. 1.8 ! 0.4 l/min/m2, p # 0.008).
However, the pattern of change in GFR during hospitalization
was similar between those with CI above and below the mean
admission CI, indicating that changes in GFR were not related
to baseline CI. In addition, using ROC curve analysis, we
observed that baseline CVP (0.734, p " 0.0001) but not
baseline CI (0.552, p # 0.6) predicted the development of
WRF (difference p # 0.012) (Fig. 2). In a separate ROC
analysis (not shown), baseline CVP remained a predictor of
WRF when patients were categorized according to the pres-
ence or absence of diabetes mellitus, hypertension, or signifi-
cant baseline renal dysfunction. Finally, another subanalysis
was performed in patients without severe renal insufficiency
(GFR $30 ml/min/1.73 m2). In this subset, patients who
developed WRF still had greater admission CVP (17 ! 4 mm
Hg vs. 12 ! 5 mm Hg, p # 0.007) but similar admission CI
(1.9 ! 0.4 l/min/m2 vs. 1.8 !0.5 l/min/m2, p # NS).
Impact of hemodynamic changes on incident WRF. Table 2
also compares the hemodynamic measurements from base-
line to follow-up, stratified by the presence or absence of
incident WRF. All hemodynamic alterations demonstrated

significant improvements after intensive medical therapy as
expected (all p " 0.001). Heart rate, systolic arterial blood
pressure, PCWP, and systolic pulmonary artery pressure at
the time of PAC removal remained comparable (p # NS)
between the 2 cohorts.
Follow-up hemodynamic predictors of incident worsening
renal function. At follow-up, the mean CI remained signif-
icantly greater (2.7 ! 0.7 l/min/m2 vs. 2.4 ! 0.5 l/min/m2,
p # 0.01) and the CVP significantly greater (11 ! 8 mm
Hg vs. 8 ! 5 mm Hg, p # 0.04) in subjects who developed
WRF versus those who did not. In particular, a persistently
increased CVP $8 mm Hg at the time of PAC removal was
associated with a greater incidence of WRF (51% vs. 18%,
p # 0.01). Overall discharge CVP also correlated with the
severity of WRF (r # 0.3, p # 0.007). Finally, discharge
CVP rather than discharge CI was associated with renal
impairment (lower GFR), as illustrated in Figure 3.

The ability of CVP on admission (p # 0.01) or at time of
PAC removal (p # 0.03) to stratify risk to develop WRF
was apparent across the spectrum of heart rate, PCWP,
systolic blood pressure, systolic pulmonary artery pressure,
CI, serum creatinine, and hemoglobin in multivariable
analysis.

Discussion

There have been numerous contemporary reports describing
the natural history of the development of WRF in the
setting of decompensated heart failure. However, the ma-
jority lacked careful cardiac and hemodynamic profiling
during the clinical course of WRF. On the basis of early
work, WRF often is attributed to hypoperfusion of the
kidney due to progressive impairment of cardiac output or
intravascular volume depletion secondary to overzealous use
of diuretics (6). We observed in our patient population with
low-output decompensated HF that besides the presence of
intrinsic renal insufficiency, venous congestion (both with

Figure 2 ROC Curves for CVP and CI on
Admission for the Development of WRF

ROC # receiver-operating characteristic; WRF #
worsening renal function; other abbreviations as in Figure 1.

Figure 3 Relative Contributions of CVP
and CI to GFR at Time of PAC Removal

Error bars represent 95% confidence intervals. Cutoff values for CI # 2.4
l/min/m2 and CVP # 8 mm Hg. GFR # glomerular filtration rate; PAC # pulmo-
nary artery catheter; other abbreviations as in Figure 1.
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ARMAMENTARIUM

• Ultrafiltration
• Vasodilators
• Inotropes
• Arginine Vasopressor Antagonists
• Mechanical Circulatory Support*

• Diuretics
Ultrafiltration
Vasodilators



Vasodilators



Vasodilators

Cardiac Output   =   MAP - CVP
SVR

MAP = Mean Arterial Pressure
CVP = Central Venous Pressure
SVR = Systemic Vascular Resistance



Vasodilators

Cardiac Output   =   MAP - CVP
SVR

MAP = Mean Arterial Pressure
CVP = Central Venous Pressure
SVR = Systemic Vascular Resistance

Cardiac Output and SVR are inversely proportional



Vasodilators



Vasodilators

• Lower mean PCWP
• Lower CVP
• Lower SVR
• Improved Cardiac output & Index

Hemodynamic Effects



Vasodilators

Yancey et al. JACC Vol. 62, No. 16, 2013 

If symptomatic hypotension is absent, IV Nitroglycerin, Nitroprusside, or 
Nesiritide may be considered an adjuvant to diuretic therapy for relief of 

dyspnea in patients admitted with ADHF. Class IIb. Level of Evidence A



ARMAMENTARIUM

• Ultrafiltration
• Vasodilators
• Inotropes
• Arginine Vasopressor Antagonists
• Mechanical Circulatory Support*

• Diuretics
Ultrafiltration

Inotropes



Inotropes



Inotropes

• Utilization rates vary from 0.9% to 44.6% across US Hospitals
• Frequent inappropriate usage (absence of hypoperfusion)
• Frequently associated with tachyarrhythmias
• Associated with increased mortality rates



Hemodynamic Effects of Inotropes

CLASS IIb
1. Short-term, continuous intravenous inotropic support may

be reasonable in those hospitalized patients presenting with
documented severe systolic dysfunction who present with
low blood pressure and significantly depressed cardiac
output to maintain systemic perfusion and preserve end-
organ performance (592,649,650). (Level of Evidence: B)

2. Long-term, continuous intravenous inotropic support may be
considered as palliative therapy for symptom control in
select patients with stage D HF despite optimal GDMT and
device therapy who are not eligible for either MCS or cardiac
transplantation (651–653). (Level of Evidence: B)

CLASS III: Harm
1. Long-term use of either continuous or intermittent, intrave-

nous parenteral positive inotropic agents, in the absence of
specific indications or for reasons other than palliative care,
is potentially harmful in the patient with HF (416,654–659).
(Level of Evidence: B)

2. Use of parenteral inotropic agents in hospitalized patients
without documented severe systolic dysfunction, low blood
pressure, or impaired perfusion and evidence of significantly
depressed cardiac output, with or without congestion, is
potentially harmful (592,649,650). (Level of Evidence: B)

Despite improving hemodynamic compromise, positive
inotropic agents have not demonstrated improved outcomes in
patients with HF in either the hospital or outpatient setting
(416,654–658). Regardless of their mechanism of action (e.g.,
inhibition of phosphodiesterase, stimulation of adrenergic or
dopaminergic receptors, calcium sensitization), chronic oral
inotrope treatment increased mortality, mostly related to
arrhythmic events. Parenteral inotropes, however, remain as
an option to help the subset of patients with HF who are
refractory to other therapies and are suffering consequences
from end-organ hypoperfusion. Inotropes should be consid-
ered only in such patients with systolic dysfunction who have
low cardiac index and evidence of systemic hypoperfusion
and/or congestion (Table 26). To minimize adverse effects,
lower doses are preferred. Similarly, the ongoing need for
inotropic support and the possibility of discontinuation should
be regularly assessed.

See Online Data Supplements 32 and 33 for additional
data on inotropes.

7.4.5. Mechanical Circulatory Support:
Recommendations
CLASS IIa

1. MCS is beneficial in carefully selectedz patients with stage
D HFrEF in whom definitive management (e.g., cardiac
transplantation) or cardiac recovery is anticipated or plan-
ned (660–667). (Level of Evidence: B)

2. Nondurable MCS, including the use of percutaneous and
extracorporeal ventricular assist devices (VADs), is
reasonable as a “bridge to recovery” or “bridge to decision”
for carefully selectedz patients with HFrEF with acute,
profound hemodynamic compromise (668–671). (Level of
Evidence: B)

3. Durable MCS is reasonable to prolong survival for carefully
selectedz patients with stage D HFrEF (672–675). (Level of
Evidence: B)

MCS has emerged as a viable therapeutic option for
patients with advanced stage D HFrEF refractory to optimal
GDMT and cardiac device intervention. Since its initial use 50
years ago for postcardiotomy shock (676), the implantable
VAD continues to evolve.

Designed to assist the native heart, VADs are differentiated
by the implant location (intracorporeal versus extracorporeal),
approach (percutaneous versus surgical), flow characteristic
(pulsatile versus continuous), pump mechanism (volume
displacement, axial, centrifugal), and the ventricle(s) sup-
ported (left, right, biventricular). VADs are effective in both

Table 26. Intravenous Inotropic Agents Used in Management of HF

Inotropic Agent

Dose (mcg/kg)
Drug Kinetics
and Metabolism

Effects
Adverse
Effects

Special
ConsiderationsBolus Infusion (/min) CO HR SVR PVR

Adrenergic agonists

Dopamine N/A 5 to 10 t1/2: 2 to 20 min [ [ 4 4 T, HA, N, tissue
necrosis

Caution: MAO-I

N/A 10 to 15 R,H,P [ [ [ 4

Dobutamine N/A 2.5 to 5 t1/2: 2 to 3 min
H

[ [ Y 4 [/YBP, HA, T, N,
F, hypersensitivity

Caution: MAO-I;
CI: sulfite allergyN/A 5 to 20 [ [ 4 4

PDE inhibitor

Milrinone N/R 0.125 to 0.75 t1/2: 2.5 h H [ [ Y Y T, YBP Renal dosing,
monitor LFTs

BP indicates blood pressure; CI, contraindication; CO, cardiac output; F, fever; H, hepatic; HA, headache; HF, heart failure; HR, heart rate; LFT, liver function test;
MAO-I, monoamine oxidase inhibitor; N, nausea; N/A, not applicable; N/R, not recommended; P, plasma; PDE, phosphodiesterase; PVR, pulmonary vascular resistance;
R, renal; SVR, systemic vascular resistance; and T, tachyarrhythmias; t1/2, elimination half-life.

zAlthough optimal patient selection for MCS remains an active area of investiga-
tion, general indications for referral for MCS therapy include patients with
LVEF <25% and NYHA class III–IV functional status despite GDMT, including,
when indicated, CRT, with either high predicted 1- to 2-year mortality (e.g., as
suggested by markedly reduced peak oxygen consumption and clinical prognostic
scores) or dependence on continuous parenteral inotropic support. Patient selection
requires a multidisciplinary team of experienced advanced HF and transplantation
cardiologists, cardiothoracic surgeons, nurses, and ideally, social workers and
palliative care clinicians.

JACC Vol. 62, No. 16, 2013 Yancy et al.
October 15, 2013:e147–239 2013 ACCF/AHA Heart Failure Guideline: Full Text
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Inotropes

Yancey et al. JACC Vol. 62, No. 16, 2013 

Short term continuous IV inotropic support may be reasonable in those hospitalized 
patients presenting with documented severe systolic dysfunction who 

present with low BP and significantly depressed CO to maintain systemic 
perfusion and preserve end organ performance. Class IIb. Level of Evidence B



Inotropes

Yancey et al. JACC Vol. 62, No. 16, 2013 

Use of parenteral inotropic agents in hospitalized patients without documented 
severe systolic dysfunction, low blood pressure, or impaired 

perfusion and evidence of significantly depressed cardiac output, with or 
without congestion, is potentially harmful. 

Class III. Level of Evidence B



Vasodilators or Inotropes?

Hemodynamic / Clinical State in Acute Heart Failure

Signs of Low 
Perfusion
Cool extremities
Low urine output
Altered Mental Status
Inadequate response to IV 
diuretic
Prerenal Azotemia

Signs of Low 
Congestion
Jugular Venous Distension
(+) Hepatojugular reflux
Peripheral edema
S3
Exertional Dyspnea
Orthopnea / PND
Rales

Nordeen JD, et al. US Pharm. 2010;35(2):HS8-HS19



Vasodilators or Inotropes?

Nordeen JD, et al. US Pharm. 2010;35(2):HS8-HS19

Hemodynamic / Clinical State in Acute Heart Failure

Vasodilators
Inotropes

(Usually after PA catheterization)



ARMAMENTARIUM

• Ultrafiltration
• Vasodilators
• Inotropes
• Arginine Vasopressor Antagonists
• Mechanical Circulatory Support*

• Diuretics
Ultrafiltration

Arginine Vasopressor Antagonists



Arginine Vasopressor Antagonists



Arginine Vasopressor Antagonists

Yancey et al. JACC Vol. 62, No. 16, 2013 

In patients hospitalized with volume overload, including HF, who have persistent 
severe hyponatremia and are at risk for or having active cognitive 

symptoms despite water restriction and maximization of GDMT, 
vasopressin antagonists may be considered in the short term to improve serum 

sodium concentration in hypervolemic, hyponatremic states with either a V2 
receptor selective or a non-selective vasopressin antagonist.  Class IIb. Level of Evidence B
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Maintenance of Guideline Directed 
Medical Therapy

Yancey et al. JACC Vol. 62, No. 16, 2013 

In patients with HFrEF experiencing a symptomatic exacerbation of HF requiring 
hospitalization during chronic maintenance treatment with GDMT, it is 

recommended that GDMT be continued in the absence of hemodynamic 
instability or contraindications.  Class I. Level of Evidence B



Maintenance of Guideline Directed 
Medical Therapy

Fonarow G, et al. JACC 2008; 52:190-9 

0.013). However, these withdrawal patients were at similar
post-discharge risk to those eligible but not treated with
beta-blockers (Table 4).
TOLERABILITY. During the 60- to 90-day post-discharge
follow-up period, continuation of beta-blocker therapy was
very well tolerated, as evidenced by 93.6% of patients
remaining on beta-blocker therapy after discharge. Newly
starting beta-blocker therapy was also well tolerated, with
91.9% of patients remaining on therapy. Of the cohort of
eligible patients who were not prescribed beta-blocker
therapy either before admission or at time of hospital
discharge, only 23.9% were started on beta-blocker therapy
after discharge within the 60- to 90-day follow-up period
(continued cohort 93.6% vs. not-treated cohort 23.9%, OR:
46.7, 95% CI: 32.1 to 68.0, p ! 0.0001). Eligible patients
in whom beta-blocker therapy was withdrawn during hos-
pitalization were also less likely to be receiving treatment
during 60- to 90-day post-discharge follow-up, with only
56.5% restarted on therapy (continued cohort 93.6% vs.
withdrawn cohort 56.5%; OR: 11.3, 95% CI: 6.5 to 19.7,
p ! 0.0001). For patients continued on beta-blockers, 88.2%

were maintained on at least their admission dose of medication
(72.9% same dose and 15.3% increased) during the hospital-
ization and 11.8% had their dosage reduced. During the first
60 to 90 days of post-discharge follow-up, the discharge dose
of beta-blockers was reduced in only 11.7% of patients,
maintained in 73.4%, and increased in 15%.
Subgroups. In the risk- and propensity-adjusted model for
mortality and the combined model for mortality and/or
rehospitalization, the association of continuation of beta-
blocker therapy with improved outcomes was consistent in
all clinically relevant subgroups examined, including age,
gender, race, diabetes status, chronic obstructive pulmonary
disease status, and renal function. The risk-adjusted mor-
tality and mortality/rehospitalization rates were similar for
patients in whom the beta-blocker dosage was reduced
during hospitalization compared with those in whom beta-
blocker dosage was maintained or increased (death/
rehospitalization 36.6% vs. 37.2%, OR: 0.91, 95% CI: 0.61
to 1.36, p " 0.64).

Discussion

The OPTIMIZE-HF program provides an important op-
portunity to evaluate the influence of continuation and
withdrawal of beta-blocker therapy during hospitalization
for HF. This registry contains substantially more detailed
information on patient characteristics, presenting symp-
toms, treatments, and outcomes than has previously been
available in administrative datasets or other registries (12).
In this detailed analysis, the vast majority of hospitalized
HF patients who were treated with beta-blockers before
admission were able to be continued on beta-blocker ther-
apy during the hospitalization. Continuation of beta-
blocker therapy was associated with substantially lower risk
and propensity adjusted post-discharge mortality risk.
Withdrawal of beta-blockers was associated with excess
adjusted mortality risk. In addition, continuation of beta-
blocker therapy was well tolerated after discharge, and
substantially more patients were treated as outpatients with
this strategy. These findings extend the results of prior
observational analyses among select participants in random-

Clinical Outcomes of Follow-Up CohortWith LVSD by Beta-Blocker Treatment Group: Unadjusted

Table 3 Clinical Outcomes of Follow-Up Cohort
With LVSD by Beta-Blocker Treatment Group: Unadjusted

Eligible, Follow-Up
Cohort With LVSD

(n ! 2,373)

Eligible, Beta-Blocker
Therapy Continued

(n ! 1,350)

Eligible, Beta-Blocker
Therapy Newly

Started
(n ! 632)

Eligible, Beta-Blocker
Therapy Withdrawn

(n ! 79)

Eligible, Beta-Blocker
Therapy Not
Prescribed
(n ! 303) p Value

Median length of stay, days
(IQR)

5.0 (3, 8) 4.0 (3, 7) 5.0 (3, 8) 6.0 (3, 9) 5.0 (3, 8) !0.001*

Mean length of stay, days (SD) 6.4 (7.0) 6.1 (6.7) 6.7 (6.2) 7.1 (5.4) 7.2 (10.0) !0.001*

60- to 90-day post-discharge
mortality, %

8.7 8.7 4.5 24.4 13.8 !0.001†

60- to 90-day readmission, % 30.2 32.2 24.1 24.1 35.6 !0.001‡

60- to 90-day mortality and/or
rehospitalization, %

34.8 36.1 27.5 37.7 43.2 !0.001‡

*Kruskal-Wallis test; †log-rank test; ‡Pearson chi-square test.
IQR " interquartile range; LVSD " left ventricular systolic dysfunction.
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Figure 1 Post-Discharge Survival by
Beta-Blocker Treatment Groups

Kaplan-Meier survival curves by
beta-blocker treatment groups. Log-rank test: p ! 0.001.
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0.013). However, these withdrawal patients were at similar
post-discharge risk to those eligible but not treated with
beta-blockers (Table 4).
TOLERABILITY. During the 60- to 90-day post-discharge
follow-up period, continuation of beta-blocker therapy was
very well tolerated, as evidenced by 93.6% of patients
remaining on beta-blocker therapy after discharge. Newly
starting beta-blocker therapy was also well tolerated, with
91.9% of patients remaining on therapy. Of the cohort of
eligible patients who were not prescribed beta-blocker
therapy either before admission or at time of hospital
discharge, only 23.9% were started on beta-blocker therapy
after discharge within the 60- to 90-day follow-up period
(continued cohort 93.6% vs. not-treated cohort 23.9%, OR:
46.7, 95% CI: 32.1 to 68.0, p ! 0.0001). Eligible patients
in whom beta-blocker therapy was withdrawn during hos-
pitalization were also less likely to be receiving treatment
during 60- to 90-day post-discharge follow-up, with only
56.5% restarted on therapy (continued cohort 93.6% vs.
withdrawn cohort 56.5%; OR: 11.3, 95% CI: 6.5 to 19.7,
p ! 0.0001). For patients continued on beta-blockers, 88.2%

were maintained on at least their admission dose of medication
(72.9% same dose and 15.3% increased) during the hospital-
ization and 11.8% had their dosage reduced. During the first
60 to 90 days of post-discharge follow-up, the discharge dose
of beta-blockers was reduced in only 11.7% of patients,
maintained in 73.4%, and increased in 15%.
Subgroups. In the risk- and propensity-adjusted model for
mortality and the combined model for mortality and/or
rehospitalization, the association of continuation of beta-
blocker therapy with improved outcomes was consistent in
all clinically relevant subgroups examined, including age,
gender, race, diabetes status, chronic obstructive pulmonary
disease status, and renal function. The risk-adjusted mor-
tality and mortality/rehospitalization rates were similar for
patients in whom the beta-blocker dosage was reduced
during hospitalization compared with those in whom beta-
blocker dosage was maintained or increased (death/
rehospitalization 36.6% vs. 37.2%, OR: 0.91, 95% CI: 0.61
to 1.36, p " 0.64).

Discussion

The OPTIMIZE-HF program provides an important op-
portunity to evaluate the influence of continuation and
withdrawal of beta-blocker therapy during hospitalization
for HF. This registry contains substantially more detailed
information on patient characteristics, presenting symp-
toms, treatments, and outcomes than has previously been
available in administrative datasets or other registries (12).
In this detailed analysis, the vast majority of hospitalized
HF patients who were treated with beta-blockers before
admission were able to be continued on beta-blocker ther-
apy during the hospitalization. Continuation of beta-
blocker therapy was associated with substantially lower risk
and propensity adjusted post-discharge mortality risk.
Withdrawal of beta-blockers was associated with excess
adjusted mortality risk. In addition, continuation of beta-
blocker therapy was well tolerated after discharge, and
substantially more patients were treated as outpatients with
this strategy. These findings extend the results of prior
observational analyses among select participants in random-

Clinical Outcomes of Follow-Up CohortWith LVSD by Beta-Blocker Treatment Group: Unadjusted

Table 3 Clinical Outcomes of Follow-Up Cohort
With LVSD by Beta-Blocker Treatment Group: Unadjusted

Eligible, Follow-Up
Cohort With LVSD

(n ! 2,373)

Eligible, Beta-Blocker
Therapy Continued

(n ! 1,350)

Eligible, Beta-Blocker
Therapy Newly

Started
(n ! 632)

Eligible, Beta-Blocker
Therapy Withdrawn

(n ! 79)

Eligible, Beta-Blocker
Therapy Not
Prescribed
(n ! 303) p Value

Median length of stay, days
(IQR)

5.0 (3, 8) 4.0 (3, 7) 5.0 (3, 8) 6.0 (3, 9) 5.0 (3, 8) !0.001*

Mean length of stay, days (SD) 6.4 (7.0) 6.1 (6.7) 6.7 (6.2) 7.1 (5.4) 7.2 (10.0) !0.001*

60- to 90-day post-discharge
mortality, %

8.7 8.7 4.5 24.4 13.8 !0.001†

60- to 90-day readmission, % 30.2 32.2 24.1 24.1 35.6 !0.001‡

60- to 90-day mortality and/or
rehospitalization, %

34.8 36.1 27.5 37.7 43.2 !0.001‡

*Kruskal-Wallis test; †log-rank test; ‡Pearson chi-square test.
IQR " interquartile range; LVSD " left ventricular systolic dysfunction.
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Beta-Blocker Treatment Groups

Kaplan-Meier survival curves by
beta-blocker treatment groups. Log-rank test: p ! 0.001.

195JACC Vol. 52, No. 3, 2008 Fonarow et al.
July 15, 2008:190–9 Beta-Blocker Continuation or Withdrawal in HF

60-90 day post discharge mortality

B-blocker withdrawn: 24.4%
Not treated with B-blocker:  13.8%
B-blocker continued: 8.7%
Newly started B-blocker: 4.5%
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BACKGROUND
Acute decompensated heart failure accounts for more than 1 million hospitalizations 
in the United States annually. Whether the initiation of sacubitril–valsartan therapy 
is safe and effective among patients who are hospitalized for acute decompensated 
heart failure is unknown.

METHODS
We enrolled patients with heart failure with reduced ejection fraction who were 
hospitalized for acute decompensated heart failure at 129 sites in the United States. 
After hemodynamic stabilization, patients were randomly assigned to receive sacu-
bitril–valsartan (target dose, 97 mg of sacubitril with 103 mg of valsartan twice daily) 
or enalapril (target dose, 10 mg twice daily). The primary efficacy outcome was the 
time-averaged proportional change in the N-terminal pro–B-type natriuretic pep-
tide (NT-proBNP) concentration from baseline through weeks 4 and 8. Key safety 
outcomes were the rates of worsening renal function, hyperkalemia, symptomatic 
hypotension, and angioedema.

RESULTS
Of the 881 patients who underwent randomization, 440 were assigned to receive 
sacubitril–valsartan and 441 to receive enalapril. The time-averaged reduction in 
the NT-proBNP concentration was significantly greater in the sacubitril–valsartan 
group than in the enalapril group; the ratio of the geometric mean of values ob-
tained at weeks 4 and 8 to the baseline value was 0.53 in the sacubitril–valsartan 
group as compared with 0.75 in the enalapril group (percent change, −46.7% vs. 
−25.3%; ratio of change with sacubitril–valsartan vs. enalapril, 0.71; 95% confi-
dence interval [CI], 0.63 to 0.81; P<0.001). The greater reduction in the NT-proBNP 
concentration with sacubitril–valsartan than with enalapril was evident as early as 
week 1 (ratio of change, 0.76; 95% CI, 0.69 to 0.85). The rates of worsening renal 
function, hyperkalemia, symptomatic hypotension, and angioedema did not differ 
significantly between the two groups.

CONCLUSIONS
Among patients with heart failure with reduced ejection fraction who were hospi-
talized for acute decompensated heart failure, the initiation of sacubitril–valsartan 
therapy led to a greater reduction in the NT-proBNP concentration than enalapril 
therapy. Rates of worsening renal function, hyperkalemia, symptomatic hypoten-
sion, and angioedema did not differ significantly between the two groups. (Funded 
by Novartis; PIONEER-HF ClinicalTrials.gov number, NCT02554890.)
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PIONEER-HF Trial

• Multicenter, randomized, double blind trial
• 881 patients (HFrEF) admitted with ADHF
• Entresto (440) vs Enalapril (441)
• 1◦ efficacy outcome time averaged 

proportional change in the NT-pro BNP from 
baseline through weeks 4 and 8
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outcome (Fig. 3). In addition, subgroup analyses 
showed no significant differences between the 
two treatments with regard to the key safety out-
comes (Fig. S3 in the Supplementary Appendix).

Discussion

The PIONEER-HF trial was performed to evaluate 
the use of a neprilysin inhibitor added to a renin–
angiotensin system inhibitor, as compared with a 
renin–angiotensin system inhibitor alone, in the 
treatment of patients who were hospitalized for 
acute heart failure. The initiation of sacubitril–
valsartan therapy after hemodynamic stabiliza-
tion led to a greater reduction in the NT-proBNP 
concentration than enalapril therapy, a difference 
that was evident by the first week.

The beneficial effect of sacubitril–valsartan 
on the concentration of NT-proBNP, which is a 
biomarker of neurohormonal activation, hemody-
namic stress, and subsequent cardiovascular 
events, was accompanied by a reduction in the 
concentration of high-sensitivity cardiac tropo-
nin T, which is a biomarker of myocardial injury 
associated with abnormalities of cardiac struc-
ture and function and with a worse prognosis 
among patients with heart failure. The rates of 
renal dysfunction, hyperkalemia, and symptom-
atic hypotension did not differ significantly be-
tween the sacubitril–valsartan group and the 
enalapril group. Furthermore, in an analysis of 
exploratory clinical outcomes, the in-hospital ini-
tiation of sacubitril–valsartan therapy was associ-
ated with a lower rate of rehospitalization for 
heart failure at 8 weeks than enalapril therapy.

The results of the PIONEER-HF trial extend 
the evidence base regarding the use of sacubi-
tril–valsartan to populations for which there had 
been limited or no data, including patients who 
are hospitalized for acute decompensated heart 
failure, patients who have new heart failure, pa-
tients who have not been exposed to high doses 
of guideline-directed medications for heart fail-
ure, and patients who are not receiving conven-
tional renin–angiotensin system inhibitors.8 In 
addition, 35.9% of the patients in our trial iden-
tified as black, and there is limited evidence from 
previous clinical studies regarding the use of sacu-
bitril–valsartan among black patients. The favor-
able effect of sacubitril–valsartan, as compared 
with enalapril, was evident from the in-hospital 
initiation of treatment and continued to be pres-
ent during the transition to home and throughout 

the subsequent “vulnerable period,” during which 
morbidity and mortality among patients with 
acute decompensated heart failure remain high.

The finding that the rates of renal dysfunc-
tion, hyperkalemia, and symptomatic hypoten-
sion did not differ significantly between the sac-
ubitril–valsartan group and the enalapril group 
is reassuring, especially among patients with acute 
decompensated heart failure, who are at a high 
risk for hemodynamic instability. In addition, in 
the sacubitril–valsartan group, there was only one 
case of angioedema, with no cases among black 
patients. Results from previous trials of sacubi-
tril–valsartan, most notably the PARADIGM-HF 
trial, were limited to ambulatory outpatients who 
had received established high doses of an ACE 
inhibitor or ARB, as well as the highest doses of 
enalapril and sacubitril–valsartan during sequen-
tial single-blind run-in periods before randomiza-
tion. The PIONEER-HF trial made use of the low-
est starting dose of sacubitril–valsartan (24 mg of 
sacubitril with 26 mg of valsartan), with which 
there was less experience.7,10

The PIONEER-HF trial set specific requirements 
for the in-hospital initiation of sacubitril–valsartan 
therapy. Patients were required to have had a sys-
tolic blood pressure of at least 100 mm Hg for 
the preceding 6 hours, with no increase in the 

Figure 2. Change in the NT-proBNP Concentration.

The time-averaged reduction in the N-terminal pro–B-type natriuretic pep-
tide (NT-proBNP) concentration was significantly greater in the sacubitril–
valsartan group than in the enalapril group; the ratio of the geometric mean 
of values obtained at weeks 4 and 8 to the baseline value was 0.53 in the 
sacubitril–valsartan group as compared with 0.75 in the enalapril group 
(percent change, −46.7% vs. −25.3%; ratio of change with sacubitril–valsar-
tan vs. enalapril, 0.71; 95% CI, 0.63 to 0.81; P<0.001).
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PIONEER-HF Trial

• Multicenter, randomized, double blind trial
• 881 patients (HFrEF) admitted with ADHF
• Entresto (440) vs Enalapril (441)
• 1◦ efficacy outcome time averaged 

proportional change in the NT-pro BNP from 
baseline through weeks 4 and 8

- 46.7 % reduction

- 25.3% reduction

P < 0.001

• Data supports initiation of Entresto prior to 
discharge
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Biomarkers During HF Hospitalization

Measurement of baseline levels of natriuretic peptide biomarkers 
and/or cardiac troponin on admission to the hospital is useful to 
establish a prognosis in acutely decompensated HF. Class I. Level of Evidence 1

Yancey et al. JACC Vol. 70, No. 6, 2017 
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Biomarkers During HF Hospitalization

During a HF hospitalization, a predischarge natriuretic peptide 
level can be useful to establish a postdischarge prognosis. 

Class IIa. Level of Evidence B-NR

Yancey et al. JACC Vol. 70, No. 6, 2017 
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Preventing Heart Failure Readmissions

• Biomarkers
• Hospital to Home Initiatives
• Comprehensive Med Reconciliation
• Mandatory post-discharge HF clinic visit
• Telemonitoring & Home Based Care
• Scheduled Pre-Discharge appointment
• Process Mapping
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Percutaneously implanted PA sensor
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CardioMEMS

CHAMPION Trial
• Randomized single blinded study
• 550 NYHA III HF pts (HFpEF&HFrEF)
• PA pressure guided vs Usual Care
• 1º efficacy endpt: HF admission at 6 

months

Abraham WT, et al. Lancet 2011; 377: 658–66 



CardioMEMS

CHAMPION Trial
• Randomized single blinded study
• 550 NYHA III HF pts (HFpEF&HFrEF)
• PA pressure guided vs Usual Care
• 1º efficacy endpt: HF admission at 6 

months

Abraham WT, et al. Lancet 2011; 377: 658–66 
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