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DOSE: Loop diuretics have similar results whether given by continuous infusion or
bolus, but high-dose furosemide may be better for fluid overload
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In patients hospitalized with acute heart failure, there is no significant difference in overall symptom relief or change in kidney
function whether a diuretic is delivered at high or low doses or by continuous or intermittent infusion, according to research
presented at the American College of Cardiology's 59th annual scientific session.

The Diuretic Optimization Strategies Evaluation (DOSE) Study did suggest, however, that high-dose furosemide may be more
effective than low-dose furosemide at improving several individual measures of fluid overload and symptom severity.
Furthermore, significant deterioration in kidney function, although more common with high furosemide doses, tended to be
transient. DOSE is the largest randomized controlled trial of diuretic strategies ever conducted in patients hospitalized for
sudden worsening of heart failure. It is the first clinical trial completed by the National Heart, Lung, and Blood Institute's Heart
Failure Clinical Research Network, which was established to promote innovative clinical research in heart failure.

"Despite decades of clinical experience, high-quality data supporting the safety and effectiveness of furosemide in acute heart
failure are sparse," said G. Michael Felker, M.D., MHS, a co-principal investigator and an associate professor of medicine in the
Divisions of Cardiology and Clinical Pharmacology at Duke University Medical Center, Durham, NC. "DOSE was an attempt to
take the principles of evidence-based medicine-prospective, randomized, controlled trials-that we use to evaluate new drugs
and apply them to old drugs like furosemide that we prescribe every day. These results give us a more precise understanding of
the trade-off between relief of congestion and the risks of renal dysfunction.”

Diuretics such as furosemide are used to treat more than 90 percent of patients who are hospitalized for acute decompensated
heart failure (ADHF), to reduce fluid overload and make it easier to breathe. However, because high-quality data are not
available to guide the use of furosemide, there is a great deal of variation among clinicians and hospitals in both the total dose
and the way the intravenous drug is administered. Observational data have suggested that higher doses of furosemide may be
associated with worsening kidney function, abnormal concentrations of sodium and potassium in the blood, low blood pressure,
and death. In addition, some small studies have suggested that giving furosemide as a continuous infusion may be the safest
and most effective approach, but most clinicians still use intermittent "bolus" dosing.

For the study, researchers recruited 308 patients with ADHF and fluid overload from nine regional medical centers and their
referring hospitals in the U. S. and Canada. Patients were randomly assigned to treatment with either high- or low-dose
intravenous furosemide (delivered at 2.5 times their usual daily oral dose or at the same level as their usual daily oral dose,
respectively). In a double-randomization approach, patients were also assigned to intravenous dosing either every 12 hours or
to a continuous infusion.

Researchers observed a trend suggesting greater global symptom resolution with high-dose furosemide over 72 hours. This
was not associated with significant deterioration in renal function as measured by the median change in serum creatinine level
from baseline to 72 hours (0.06 mg/dL for high-dose furosemide vs. 0.01 mg/dL for low-dose). Several secondary measures of
the effectiveness of furosemide in relieving fluid overload, such a net volume loss and change in body weight, also tended to
favor high-dose furosemide.

"These findings suggest that high-dose furosemide may be preferable to low-dose," Felker said. "The price seems to be a
transient and relatively small deterioration in kidney function."

The infusion strategy used for delivering furosemide (intermittent vs. continuous) made no difference in the global measure of
symptom resolution or in the change in serum creatinine level (0.04 mg/dL for both groups).

"Given that there has been no adequately sized clinical trial of diuretic dose or route of administration to date-and because of
the encouraging trends in the high-dose group-these results may have an immediate impact on the care of hospitalized heart
failure patients," said Christopher O'Connor, M.D., the study's senior co-principal investigator, a professor of medicine and
director of the Duke Heart Center.

“We will change our standard of care today, and the results may be reflected in future guidelines."

DOSE was sponsored by the National Heart Lung, and Blood Institute. Drs. Felker and O'Connor have no potential conflicts of
interest to report.
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