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ABSTRACT

Background:  Acute decompensated heart failure (ADHF) accounts for over one million 

U.S. hospital admissions annually.  Nesiritide is the first new medication for ADHF in 

over 10 years.  Due to its high cost, administration restrictions/monitoring, and limited 

evidence of efficacy other than ADHF, it is important to evaluate nesiritide utilization.  

Purpose:  This DUE investigated compliance with Wesley Medical Center’s nesiritide 

administration/monitoring guidelines.  Methodology:  All patients receiving nesiritide 

from Mar 2004 to Feb 2005, 115 cases, were evaluated.  Data points included: patient 

characteristics, ordering prescriber, indication, dosing, duration of therapy, presence of 

contraindications, ADR’s, concomitant medications, overall adherence to hospital 

criteria, cost information, length of ICU stay, length of hospital stay, discharge 

disposition, mortality rate, and 30-day readmission rate.  Results:  Preprinted orders were 

utilized in 77% of patients (89/115).  Even with preprinted orders, administration criteria 

were completely addressed in only 56% of patients (50/89).  Primary prescribers were 

nephrology (46%), cardiology (28%), and cardiovascular surgery (18%).  Primary 

reasons for use were ADHF (35%), no indication (25%), and renal failure (22%).  

Twenty-eight percent of patients had BNP < 400 or no levels ordered; and 31 patients had 

BNP levels obtained while receiving nesiritide.  The most common ADR was SBP < 90 

(51%).  Twenty-one percent had contraindications prior to administration.  Average ICU 

stay was 11.7 8.16 days; total hospital stay was 15.8 10.7 days.  All-cause in-hospital 

mortality rate was 21%.  A total of 510 infusions were prepared costing $215,944.  

Conclusions:  This DUE demonstrates that a high percentage of nesiritide usage is 

outside the facility’s Pharmacy and Therapeutics Committee guidelines.
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INTRODUCTION 

 Congestive heart failure (CHF) is a condition in which the heart is unable to pump 

enough blood to meet the needs of the body. Acute decompensated heart failure (ADHF) 

can be described as acutely ill hospitalized patients who have significant symptoms (such 

as dyspnea and excessive fluid) even at rest or with minimal activity. ADHF is not 

formally defined, but commons signs of the condition include pitting edema greater than 

2 mm, rales heard on pulmonary auscultation, pulmonary capillary wedge pressure 

(PCWP) greater than 18 mmHg, right atrial pressure elevated above 10 mmHg, and an 

increase in body weight (> 4.5 kg for patients shorter than 5 feet or > 6.8 kg for patients 

taller than 5 feet).1 Symptoms are caused by an increased PCWP. This high pressure 

drives fluid out of the vasculature and into lung fields resulting in congestive symptoms.1 

Although no consensus guidelines exist for ADHF2, treatment of ADHF is aimed toward 

improving dyspnea. 

 In 2003, the prevalence of CHF in the United States was 4.9 million people, and 

the incidence is 550,000 new cases each year.2 These numbers have increased from just a 

few years ago: in 1999 there were 962,000 hospital discharges for heart failure, equating 

to a 155% increase over the past 20 years.3 These increases are likely due, in part, to the 

growing geriatric population. About 6% to 10% of people older than age 65 have CHF.4 

Given these figures, it is evident that this syndrome is a common source of morbidity and 

mortality. Almost one million hospital admissions are attributed to CHF, as well as nearly 

two million secondary diagnoses.2 High occurrences of hospitalizations translate into 

high costs; direct and indirect heart failure treatment in the United States topped $24.3 

billion in 2003.2 The Center for Medicare and Medicaid Administration cites ADHF as 
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the most expensive hospital admission diagnosis1; it is the single largest expense for 

Medicare.4 Annually, nearly $500 million are spent on heart failure drugs.4 

Pharmacological treatment for patients with ADHF is aimed towards three goals: 

1) improvement of hemodynamic parameters such as cardiac output, preload, and 

afterload which will result in an improvement of symptoms (decrease dyspnea), 2) 

resolution of symptoms, and 3) initiation of early treatment that will slow disease 

progression and improve long-term survival.5 Current therapies include diuretics, 

vasodilators, natriuretic peptides, and inotropic agents. An ideal agent for ADHF would 

possess the characteristics listed in Table 1.  

  Table 1 
Characteristics of an Ideal Agent for ADHF6

Vasodilation (venous and arterial) 
Rapidly decreases ventricular filling pressures 
Rapidly decreases symptoms of congestion 
Does not increase heart rate or directly increase 
contractility (decreases myocardial oxygen demand) 
Is not proarrhythmic 
Has no tachyphylaxis 
Provides neurohormonal suppression 
Promotes diuresis/natriuresis 
Is conveniently dosed (can be used with or without 
invasive hemodynamic monitoring) 

 

Nesiritide, a human B-type natriuretic peptide, is the first new ADHF agent on the 

market in over 10 years and was approved by the FDA in 2001.1 It is produced by 

Eschericia coli bacteria using recombinant DNA technology. The drug binds to a 

receptor on vascular smooth muscle and endothelial cells. Intracellular concentration of 

guanosine 3’5’-cyclic monophosphate (cyclic GMP) is then increased which results in 

smooth muscle cell relaxation; cyclic GMP is a second messenger that dilates veins and 

arteries. Nesiritide is indicated for patients with ADHF who have dyspnea at rest or with 
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minimal activity. The drug reduces PCWP which improves dyspnea. It also has a small 

diuretic and natriuretic effect. Contraindications include cardiogenic shock or systolic 

blood pressure (SBP) < 90 mmHg. The dose limiting side effect of nesiritide is 

hypotension (11%).  If hypotension occurs, the nesiritide should be decreased or 

discontinued and steps taken to correct the hypotension (intravenous fluids or change in 

body position). Other adverse events may include headache (8%), ventricular 

tachycardia, angina pectoris, abdominal pain, back pain, insomnia, dizziness, anxiety, 

nausea, and vomiting (all < 5%). There have been no trials conducted to test drug-drug 

interactions with nesiritide. The manufacturer’s recommended dose is an intravenous 

bolus of 2 mcg/kg followed by a continuous infusion of 0.01 mcg/kg/min.7 The cost of 

nesiritide is approximately $400 per dose. 

 Based on the prevalence of CHF and the high cost of treatment, it is critical that 

hospitals and health-care providers are able to effectively treat their patients in the most 

cost-effective way. Nesiritide is an extremely fragile drug; because it is a natriuretic 

peptide, a protein, it must be prepared and handled carefully. Excessively shaking the IV 

bag as the drug is mixed or transported to the patient will cause denaturation of the 

protein, and the drug will be ineffective. Therefore, it must be hand delivered to the unit. 

Once reconstituted, nesiritide must be administered within 24 hours. Special preparation 

and transportation, in addition to its high cost, require that this drug be handled carefully. 

Specifically in the hospital setting, administration of nesiritide must be closely monitored 

and used only in the appropriate situations.  

 The purpose of the present evaluation is to assess nesiritide usage at Wesley 

Medical Center in Wichita, Kansas. An extensive literature review was conducted to 
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determine appropriate use of the drug. By review of patient charts and records, two 

questions will be answered: 

1. Does nesiritide administration match the defined protocol at this facility? The 

defined protocol includes proper patient selection and required monitoring 

parameters. Outlying uses of the drug will be described, as well as 

consistencies and inconsistencies in use. 

2. What are the outcomes of patients who are treated with nesiritide? Outcomes 

will be described as length of hospital stay and mortality. 

Based on the findings of this evaluation, review of the hospital’s nesiritide usage policy 

may be indicated by the Pharmacy and Therapeutics Committee.
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LITERATURE REVIEW 

 The literature review was conducted using the MEDLINE database. MeSH search 

terms included: acute heart failure, nesiritide, drug therapy, etiology, and drug utilization 

evaluation. Scios Inc., the drug company that produces Natrecor®, was contacted to 

obtain other studies and drug usage information.  Much of the literature regarding ADHF 

discusses treatment options and characteristics of pharmacological therapy. Though there 

are no consensus guidelines, many articles suggest combination therapy in order to 

achieve the best results. Table 2 (in Appendix A) presents a summary of frequently used 

agents and their therapeutic effects. Treatment options include diuretics, positive 

inotropic agents such as dopamine, dobutamine, and milrinone, and vasodilators such as 

nesiritide, nitroglycerin, and nitroprusside. 

 Because nesiritide is a relatively new drug, few large-scale studies have been 

completed and published data are limited. The first and most well-known study, the 

Vasodilation in the Management of Acute CHF (VMAC) study, was published in 2002.8 

It was a large, multicenter, randomized, double-blind trial, which compared IV nesiritide 

versus nitroglycerin. Subjects were required to meet the following criteria for inclusion: 

dyspnea at rest due to ADHF severe enough to require hospitalization and at least two of 

the following: jugular venous distention, paroxysmal nocturnal dyspnea, abdominal 

discomfort due to mesenteric congestion, or a chest x-ray film consistent with 

decompensated CHF. Dependent variables measured were PCWP and patient self-

evaluation of dyspnea from baseline to three hours after administration of the drug. 

Therapy included IV nitroglycerin, fixed-dose nesiritide (2 mcg/kg bolus followed by 

0.01 mcg/kg/min IV), adjustable-dose nesiritide (same dose but the infusion rate was 
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increased if appropriate), and placebo. After 3 hours, the placebo group crossed over and 

received nesiritide or nitroglycerin in addition to the placebo drug. Four hundred eighty-

nine patients participated in this study. 

Nesiritide improved both hemodynamic function and dyspnea in the patients more 

effectively than the other therapies. Results are summarized in Table 3. 

Table 3 – Results of VMAC study: Nesiritide vs. Nitroglycerin 
  NTG Nesiritide Placebo 
PCWP (mmHg) Baseline 28 27.8 27.7 
  15 minutes -1.2  -3.5ab -1.2  
  1 hour -2.8   -5.5ab  -1.5 
  3 hours  -3.8  -5.8ab  -2 
Right Atrial Pressure (mmHg) Baseline  16  15  14 
 1 hour  -1  -2.6ab  -0.2 
  3 hours  -2.6a  -3.1a  0 
Systolic BP (mmHg) Baseline  124  120 121  
  15 minutes  -3.1 -4a   -1.2 
  1 hour  -6.3  -3.2  -1.5 
  3 hours  -5.7  -5.6a  -2.5 
Pulmonary Vascular Resistance Baseline  271  250  236 
     (dynes/s per cm-5) 1 hour  -38a  -27a  28 
  3 hours  -18  -21a  21 
Systemic Vascular Resistance Baseline  1509  1441  1384 
     (dynes/s per cm-5) 1 hour  -136  -236a  -8 
  3 hours  -105  -144  -44 
Cardiac Index (L/min per m2) Baseline  2.1  2.2 2.2  
 1 hour  0.1 0.3ab  -0.1 
  3 hours  0.2 0.1 0  

a p<0.05 for comparison of active therapy with placebo.   NTG = nitroglycerin 
b p<0.05 for comparison of nesiritide with nitroglycerin. 
(Adapted from Reference 8) 

Nesiritide significantly reduced PCWP throughout the whole trial compared to 

both nitroglycerin and the placebo. Right atrial pressure was significantly lower in the 

nesiritide group than the nitroglycerin and placebo groups at 1 hour, but at 3 hours both 

nesiritide and nitroglycerin were significantly lower than the placebo. Nesiritide and 

nitroglycerin significantly reduced SBP as compared to placebo at different measurement 

points during the trial (nesiritide at 15 minutes and 3 hours; nitroglycerin at 1 hour and 3 
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hours). After 1 hour, pulmonary vascular resistance was significantly decreased in both 

the nesiritide and nitroglycerin groups compared to placebo, and the nesiritide group was 

still significantly lower after 3 hours. Decreases in systemic vascular resistance (SVR) 

were only significant for nesiritide after 1 hour compared to placebo. Nesiritide 

significantly increased cardiac index at 1 hour compared to the other two groups, but 

there was no difference after three hours. The patient self-assessment of dyspnea at 3 

hours was significantly improved for the nesiritide group compared to the placebo group, 

but there was no difference between the nitroglycerin and nesiritide groups. There was 

not a significant difference in global clinical status among any patients.8

The FDA-approved use of nesiritide is for treatment of ADHF in patients who 

have dyspnea at rest or with minimal activity.7 However, other off-label uses are being 

investigated. Many CHF patients undergo coronary artery bypass graft (CABG) to 

alleviate ischemia, which is caused by their coronary artery disease. In a 1998 study by 

Mangano el al, post-operative renal dysfunction in such patients led to negative outcomes 

such as increased mortality, increased length of intensive care unit (ICU) and hospital  

stay, and increased likelihood of being discharged to an extended care facility. The 

mortality rate in patients who developed renal dysfunction was 63% and 19%, for those 

requiring and those not requiring dialysis, respectively, as compared to a 0.9% mortality 

rate in patients who did not develop renal dysfunction.9 Nesiritide’s beneficial effects of 

vasodilation, decreasing PCWP, diuresis, and decreasing SVR and mean arterial pressure 

(MAP) may help improve the severity of the above mentioned morbidities associated 

with CABG procedures. 
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At the present time, Scios Inc., the manufacturer of nesiritide, is conducting a 

multicenter, randomized, double blind, placebo-controlled study of 250 patients 

undergoing CABG. The study is titled: “Natrecor Administered Peri-Anesthesia in 

Patients undergoing CABG (NAPA).” The goal of the study is to demonstrate the impact 

of nesiritide on patient recovery in the postoperative period, specifically in patients with 

pulmonary hypertension and poor left ventricular function designated as a left ventricular 

ejection fraction of  35%.9

The effects of brain naturetic peptide (BNP) on the kidney include inhibition of 

renin synthesis, vasodilation of the afferent arteriole, vasoconstriction of the efferent 

arteriole, and decreased sodium reabsorption at the proximal tubule and collecting duct. 

These physiologic effects produce a diuretic and natriuretic effect while maintaining or 

improving GFR. Several small studies have shown that peri-operative use of nesiritide 

did improve hemodynamic and renal parameters and may even promote a renal protective 

effect in patients with renal insufficiency.9  However, in a commentary by Teerlink and 

Massie, the authors suggest “evidence that BNP improves renal function or facilitates 

naturesis in the setting of ADHF is limited at best.”10 (p.1460) Some physicians use the drug 

because of perceived renal benefit and improved diuresis, but there are limited data to 

support this belief. Scios Inc. released an updated package insert in 2005 which states in 

the precautions section: 

Natrecor may affect renal function in susceptible individuals. In 
patients with severe heart failure whose renal function may 
depend on the activity of the renin-angiotensin-aldosterone 
system, treatment with Natrecor may be associated with 
azotemia. When Natrecor was initiated at doses higher than 0.01 
mcg/kg/min, there was an increased rate of elevated serum 
creatinine over baseline compared with standard therapies, 
although the rate of acute renal failure and need for dialysis was 
not increased.11 (p.2)
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Previous studies have shown the importance of renal impairment in 

hospitalized CHF patients; an increase in serum creatinine (SCr) is a strong predictor of 

poor survival. A 2004 study by Wang et al, evaluated the renal effects of nesiritide in 

hospitalized patients with worsening CHF. Fifteen patients classified as NYHA Class II 

to IV with volume overload, ejection fraction < 40%, and increases in SCr levels by  0.2 

mg/dL above baseline participated in the study. The study was a randomized, double-

blind crossover design over two consecutive 24-hour periods in which participants 

received 24-hour infusions of nesiritide (2 mcg/kg IV bolus followed by 0.01 mcg/kg/min 

continuous infusion) or placebo. All subjects maintained a 2-gram sodium diet. Results 

showed no significant difference between the groups at any point of the study in GFR, 

urine output, sodium excretion, or effective renal plasma flow.11 Nesiritide is considered 

safe and effective to be used for ADHF in patients with concomitant renal insufficiency. 

However, further investigation is required to determine whether nesiritide actually 

improves or stabilizes renal function in patients with ADHF and worsening SCr.9 

 Renal dysfunction is predictive of worsened outcomes in patients with CHF. 

Additionally, worsening renal function after CABG or with ADHF indicates a worse 

prognosis. In 2005 Sackner-Bernstein et al evaluated seven clinical trials in which 

patients with ADHF and treatment effects of SCr were reported. “Worsening renal 

function” was defined as an increase in SCr of  0.5 mg/dL. Six comparisons were made: 

FDA-approved dose of nesiritide (  0.03 mcg/kg/min), low dose nesiritide (  0.015 

mcg/kg/min), and all doses of nesiritide (any dose up to 0.06 mcg/kg/min) each compared 

with non-inotrope-based control therapy and all control therapies which did include 

positive inotropes. In each of the three nesiritide dose groups 22-23% of patients 
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experienced worsening renal function, as compared to 15% in all non-inotrope group 

therapies. Any nesiritide dose compared to all control therapies had a 21% versus 15% 

rate in worsening renal function, respectively. Medical interventions were necessary at a 

statistically significant increased rate for nesiritide patients (11.1%) compared to all 

control patients (4.2%). There was no difference between groups in the need for dialysis. 

The authors discuss that a larger increase in SCr (> 0.5 mg/dL) suggested a worse 

outcome, with a significant increased risk of death.13 
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METHODOLOGY 

The study design was a retrospective, non-interventional drug usage evaluation 

(DUE). The facility under review was Wesley Medical Center, located in Wichita, 

Kansas. It is a 760-bed tertiary care facility and teaching hospital with a 45-bed Intensive 

Care Unit (ICU) and a 20-bed Coronary Care Unit (CCU). Patients were selected via 

computer-generated reports indicating nesiritide administration during the evaluation 

period. All such patients were included in the retrospective computer/chart review. Data 

were collected for the one year period from March 1, 2004 to February 28, 2005. One 

hundred fifteen orders for nesiritide for 106 patients were identified and included in the 

study. 

 Most of the necessary data for this study were collected from the hospital’s 

integrated computer documentation records. Any data missing from the computer 

documentation were collected from the actual patient charts. To access either 

computerized data or patient charts, the patient name was necessary. After obtaining the 

computer-generated medication report, each patient was assigned a randomly generated 

ID number for study identification. The list of patient names and ID numbers were kept, 

according to hospital policy, in a locked cabinet. All data collection forms used the ID 

number only and did not contain any patient names or identifying data. Data collection 

forms were stored in a locked cabinet as well. This project was approved by both the 

Wichita State University and Wesley Medical Center Institutional Review Boards. Since 

this was a non-interventional DUE, the IRB determined that prior informed patient 

consent was not necessary. 
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 Data collection forms contained elements pertinent to the hospital’s standing 

order protocol for nesiritide. These orders include indication for nesiritide use, absence of 

contraindications, proper dosing and administration, and appropriate monitoring of the 

patient. Data collected included ordering physician, length of therapy, completion of the 

preprinted nesiritide orders, bolus dose given, change in rate of administration, and 

reassessment and continuation of the medication after 48 hours. Patient demographics 

and clinical data were also collected including past medical history, most recent ejection 

fraction, BNP levels, SCr, daily weight, urine output, blood pressure, and concomitant 

use of medication. See Appendices B and C for a sample data collection form and 

standing pre-printed hospital orders. No specific statistical tests were used to analyze the 

data, but rather overall drug usage and trends were reported and summarized. 
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RESULTS
 
 There were 115 orders for nesiritide in 106 patients. Five patients received nesiritide 

twice during their stay; three patients had orders for the drug but never received it. One 

patient received five outpatient infusions. Patient characteristics are listed in Table 4. 

Table 4 - Patient Demographics 
Mean ± S.D. age (years) 67.2 (± 12.1) 
Mean ± S.D. weight (kg) 88.1 (± 28.9) 
Gender   
     Male    65% 
     Female 35% 
Past Medical History   
     Hypertension 61% 
     Coronary Artery Disease 55% 
     Smoking 49% 
     Diabetes 45% 
     CHF 41% 
     Chronic Kidney Disease 34% 
     Atrial Fib / Flutter 25% 
     Cardiomyopathy 20% 

S.D. = standard deviation
 
 Admitting and principal diagnoses are outlined in Table 5 along with the 

characteristics of hospital stay. The ICD-9 codes for CHF (428.0), was applied to 87% of 

patients. Mortality rate for patients receiving nesiritide was 21%. 

Table 5 – Hospital Stay Characteristics 
ICD-9 428.0 (CHF) 87% 
Mean Length of Stay (days) 15.8 ± 10.7 
Mean Length of ICU Stay (days) 11.7 ± 8.16 
Readmission within 30 days 21% 
     Readmission for CHF 6% 
All-Cause Mortality 21% 

Admitting Diagnosis   Principal Diagnosis   
     CHF 11%      CHF 21% 
     Shortness of Breath 11%      AMI 17% 
     Chest Pain 11%      Coronary Atherosclerosis  17% 
     Coronary Atherosclerosis  9%      Acute Respiratory Failure 4% 
     Acute Myocaridal Infarction 8%      Aortic Valve Disorder 4% 
     Acute Respiratory Failure 4%      Septicemia 4% 
     Septicemia 3%      Pneumonia 3% 
     Pulmonary Abnormality 3%      Acute Renal Failure 3% 
     Other (less than 2% each) 40%      Other (less than 2% each) 27% 

 



 14

Table 6 (Appendix D) shows ordering and administration data. The primary 

ordering service was Nephrology (46%), followed by Cardiology (28%), and 

Cardiovascular Surgery (18%). Nesiritide was initiated during CABG in 15% of patients 

(17/106). The pre-printed protocol-based hospital orders were utilized in 77% of patients 

(89/115). Even with the use of pre-printed orders, administration criteria were fully 

completed in only 56% of patients (50/89). Complications of nesiritide use include 

hypotension and renal dysfunction. Fifty-one percent of patients had a SBP < 90 mmHg. 

Therapy was disrupted due to hypotension in 13% of patients. Average baseline SCr was 

2.27 mg/dL (±1.45). SCr increased by  0.5 mg/dL in 31% of patients. Sixteen percent of 

patients required first time dialysis.  

Wesley Medical Center Pharmacy and Therapeutics Committee has outlined drug 

usage criteria and expected threshold outcomes of each parameter. These expected 

threshold values as well as actual results are shown in Table 7 (Appendix E). The 

average number of doses per patient was 3.75 (± 4.17); the average cost per patient was 

$1587 (± $1768). A total of 510 infusions were prepared, costing $215,944; however, 

only 416 of these doses were actually administered and charged to the patient. The 94 

wasted doses are not reimbursable and resulted in $39,801 lost product over the one year 

evaluation period. 
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DISCUSSION
 
 The FDA approved use for nesiritide is ADHF. However, only 35% of the 

patients had documented ADHF on the pre-printed orders, as designated by New York 

Heart Association Class III-IV heart failure. Only 41% of patients had CHF documented 

in their past medical history, and only 35% had CHF as an indication for nesiritide use 

documented in the chart. In 2005 Scios Inc. convened a panel of cardiovascular and heart 

failure clinicians to address off-label use of the drug, as well as concerns regarding 

nesiritide’s effect on renal function and mortality. The consensus statement, released on 

July 13, 2005, reiterated that Natrecor use should be “strictly limited to patients 

presenting to the hospital with ADHF who have dyspnea at rest.”14 (p.1)

Nephrology was the primary prescribing service at this facility (46%). Twenty-

two percent of patients’ charts indicated nesiritide use to treat renal failure or azotemia. 

Use as a diuretic or to treat fluid overload or pulmonary edema was documented in 3% of 

patients. In the first double-blind, randomized, crossover design study to assess the effect 

of nesiritide on renal function, results showed no difference in urine output, renal plasma 

flow, or GFR in patients receiving nesiritide versus placebo.10 There is ongoing research 

regarding nesiritide and worsening renal function. The nesiritide consensus panel stated 

that the use of nesiritide during the VMAC trial was associated with a dose-dependent 

increase in SCR, indicating renal dysfunction.14 An increase in SCr above baseline by 

more than 0.5 mg/dL occurred in 8% of the nesiritide group and 7% of the control group 

by day five; by 30 days an increase was seen in 28% and 21% of the nesiritide and 

control patients, respectively.14

Fifteen percent of nesiritide infusions were started during CABG procedures. 

Scios Inc. is presently conducting a study with a goal to demonstrate an impact of the 
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drug on patient recovery in the CABG postoperative period. An abstract of that study, 

“Natrecor Administered Peri-Anesthesia in Patients undergoing CABG (NAPA)” is 

scheduled to be presented at the American Heart Association meeting in Washington 

D.C. in May 2006. 

 The Pharmacy and Therapeutics Committee outlined certain criteria that were to 

be met relating to the administration of nesiritide. A pre-printed protocol-based order is 

utilized to help meet these criteria. However, this pre-printed order was used in only 77% 

of patients; 100% use would be desired. Indications for drug use would also be expected 

to have 100% compliance. Indications stated on the pre-printed orders include: a 

diagnosis of ADHF (NYHA III-IV), dyspnea at rest or with minimal exertion due to heart 

failure, and BNP levels (diagnostic lab value indicating heart failure) greater than 400 

pg/mL. No indication was given for 25% of patients. Only 35% of patients had a 

diagnosis of ADHF, and BNP was elevated to  400 pg/dL in just 72% of patients. 

However, once on nesiritide therapy, BNP levels should be discontinued because 

nesiritide is itself a brain-naturietic peptide and will cause the lab value to rise. This 

makes any measurements of BNP while receiving nesiritide therapy an inaccurate 

reflection of the patient’s clinical status, meaningless to the prescriber, and a waste of 

hospital resources. BNP was ordered 44 times for 31 patients during therapy (30% of 

patients). 

 Complications of nesiritide administration were evaluated by monitoring SBP, 

renal dysfunction, and mortality. Because studies have shown an 11% incidence of 

hypotension (SBP < 90), the expected threshold was set at 11%. In this DUE the SBP fell 

below 90 mmHg in 51% of patients. Action required to treat episodes of hypotension 

 



 17

included discontinuation of or decrease in drip rate of nesiritide, administering a fluid 

bolus, or giving a vasopressor drug such as dopamine, vasopressor, epinephrine, or 

norepinephrine. 

Renal dysfunction was indicated by an increase in SCr of  0.5 mg/dL. The 

average baseline SCr was found to be 2.27 ± 1.45 mg/dL. The average peak level was 

2.66 ± 1.63 mg/dL. SCr increased by greater than 0.5 mg/dL in 31% of patients, 

indicating possible acute renal failure; the expected rate was 15%. Sixteen percent of 

patients required first time dialysis. 

The threshold for expected mortality rate was 1.5%, but the actual rate was 14 

times higher at 21%. Scios Inc. compiled mortality data on patients receiving nesiritide 

versus standard therapy. In seven clinical trials that evaluated mortality through 30 days, 

the mortality rate was 5.3% for nesiritide and 4.3% for patients receiving standard 

therapy. Four clinical trials evaluated mortality through 180 days and the mortality rate 

was 21.7% and 21.5% for nesiritide and control therapy, respectively.15 In 2000, Colucci 

et al reported on the nesiritide’s valuable effect of reducing PCWP. However, at that time 

an increased rate of mortality in nesiritide patients compared to control patients (7.1% vs. 

4.8%, respectively) was not reported.16

The Pharmacy and Therapeutics Committee has set expectations for length of stay 

and readmission rates for patients on nesiritide therapy. The expected total length of stay 

is 5.4 days; actual data show patients staying an average of 15.8 days. Intensive care unit 

length of stay is expected to be 2.5 days, but was found to actually be 11.7 days. . 

One of the biggest factors to consider when discussing nesiritide usage is its high 

cost. The estimated cost is $423.42 per dose. The average number of doses per patient 
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was 3.75 ± 4.17, and the average cost per patient was $1587 ± $1768. Within the one 

year time frame of the study, 510 nesiritide infusions were prepared, but only 416 doses 

were actually administered and charged to the patient. Total wastage was 94 doses. Those 

wasted doses are not reimbursable and resulted in $39,801 lost product.
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CONCLUSION 

This was a large, extensive DUE that will provide valuable information to the 

hospital’s Pharmacy and Therapeutics Committee. It demonstrates that nesiritide is not 

being used in full accordance with the outlined standards set by the committee, and a 

change in policy may be warranted. The committee will now need to discuss mechanisms 

to increase compliance with use of the preprinted protocol-based orders, appropriate 

dosing, monitoring parameters, and appropriate indication for use. This may include such 

mechanisms as physician education, pharmacy intervention for patients falling outside 

the appropriate use protocol, or restricting the medication to use by certain physicians or 

physician groups. To reduce hospital costs, the pharmacy department will need to discuss 

production processes that will reduce the amount of wastage.
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APPENDIX A 
Table 2 – Agents to Treat ADHF 
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Loop Diuretics --- --- --- --- --- --- --- ---
Dopamine 0

 Low (<3 mcg/kg/min) --- 0 --- --- 0 +++ 0
 Moderate (3-7 mcg/kg/min) --- --- + --- --- --- ++ +++ 0
 High (7-15 mcg/kg/min) --- ++ --- --- +++ +++ 0

Nitroglycerin (V) --- + --- --- 0 +++ 0
Nitroprusside (A/V) --- + --- --- 0 ++++ 0
Nesiritide (BNP) 

(A/V) --- + --- --- 0 ++ ++

Dobutamine +/- +/- +++ --- +/- +/- ++ +++ 0
Milrinone --- ++ ++ + ++
--- = no effect, + = positive effect, +/- = marginal effect 
A = arterial, V = venous;
CO = Cardiac Output, PCWP = Pulmonary Capillary Wedge Pressure, MAP = Mean Arterial Pressure, SVR = Systemic Vascular Resistance
Adapted from Sources 1 & 6.
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APPENDIX D 

Table 6 – Ordering and Administration 

Ordering Service   
       Nephrology 46% 
       Cardiology 28% 
       Cardiovascular Surgery 18% 
       Other 8% 
Initiation During CABG 15% 
Pre-printed Orders Utilized 77% 
Administration Criteria Completely Met 56% 
Indication for Administration   
     BNP > 400 72% 
     Diagnosis of ADHF 35% 
   Documentation in Chart     
       CHF 35% 
       None 25% 
       Renal Failure, Azotemia, etc. 22% 
       Cardiomyopathy 6% 
       Diuresis, Fluid Overload, Pulmonary Edema 3% 
       Other 1% 
Contraindications Present Prior to Administration 21% 
     SBP < 90 within 2 hours 18% 
     Cardiogenic Shock 3% 
     Suspected Hypovolemia 2% 
SBP < 90 mmHg while on therapy 51% 
Therapy disrupted due to hypotension 13% 
Dosing Information   
     Bolus Dose   
        None 49% 
        2 mcg/kg 48% 
     Maintenance Dose   
        0.01 mcg/kg/min 87% 
        0.005 mcg/kg/min 7% 
        None 3% 
Length of Therapy 75.6 (+ 89.3) 
     Mean (hours) 75.6 (+ 89.3) 
     Median (hours) 48 (0-619) 
     Therapy > 48 hours 49% 
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APPENDIX E  

 
 

Table 7 – Wesley Medical Center P&T Committee Goals: Threshold vs. Actual 
 
Criteria Threshold Actual
Justification for Use:     
       1. Acute Decompensated Heart Failure 100% 35%  
Critical Indicators:     
     A. Criteria for use met and documented     
       1. ADHF (NYHA Class III-IV) 100%  35% 
       2. BNP level  400 pg/mL prior to therapy 100% 72% 
       3. Use of pre-printed order 100% 77%  
     B. Dosed within package insert parameters 100% 48% (bolus); 87% (drip) 
     C. Absence of contraindications to therapy 100%  79% 
     D. Length of therapy  48 hours 78% 51% 
     E. BNP levels obtained while on nesiritide 0% 30% 
Complications     
       1. SBP < 90 mmHg on therapy 11%  51% 
       2. Renal dysfunction  

(increase in SCr  25% or  0.5 mg/dL) 15% 31% 
       3. Death 1.5% 21% 
Outcome Measures     
       1. Mean length of stay  5.4 days 15.8 days 
       2. Mean ICU length of stay 2.5 days 11.7 days 
       3. Readmission for any within 30 days 20% 21% 
       4. Readmission for HF within 30 days 7% 6% 

 
ADHF = acute decompensated heart failure 
NYHA = New York Heart Association 
SBP = systolic blood pressure 
SCr = serum creatinine 
ICU = intensive care unit 
HF = heart failure 



 29

Vita
 
Name: Karen Blackburn 
 
Date of Birth: February 16, 1981 
 
Place of Birth: Emporia, Kansas 
 
Education: 
 
2004-2006 Master – Physician Assistant (M.P.A.) 
  Wichita State University, Wichita, Kansas 
 
1999-2003 Bachelor of Science – Human Nutrition 
  Kansas State University, Manhattan, Kansas 
 
1999-2003 Bachelor of Science (Cum Laude) – Kinesiology 
  Kansas State University, Manhattan, Kansas 
 
Awards: 
 
2005  Dr. Marvis Lary Fellowship 
 
2003  KSU College of Human Ecology Outstanding Senior Award 
 
2003  Laura Ann Wallace Hoener Memorial Scholarship 
 
2002  Gold Key National Honor Society 
 
2002  Nina M. Browning Memorial Scholarship 
 
2001  Phi Eta Sigma Freshman Honor Society 

 
2001  Mary Lois Rynders Sykes Memorial Scholarship 
 
1999  Kansas State University Leadership Scholarship 
 
1999-2003 Kansas State University Academic Honor Roll 
 


