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ABSTRACT
In thisinvestigation, the pharmacokinetic variables of continuousinfusion and intermittent bolusinjection
of furosemide and the possible relationship between its pharmacokinetic characteristics and
pharmacodynamic profile among intensive care unit (ICU) patientswere studied.
In this prospective, randomized, clinical trial, twelve patients received IV bolus of 20 mg of the drug
during 3 hours period and, the drug dose was doubled, when the urine output was less than 1 mi/kg/h
(group 1). The other nine patients received a continuous intravenous furosemide infusion at the rate of 0.1
mg/kg/h (group 2). The amount of furosemide'in serum was measured by high performance liquid
chromatography (HPLC).
Results showed a positive correlation between plasma clearance of furosemide and its diuretic activity
(P=0.01). The pharmacokinetic parameters such-as Vg4 (I), CL (mli/min), K¢ (min?) and t,, (min) in
continuous infusion patients were not significantly differed from the bolus patients (P-values 0.5, 0.9, 0.9,
0.9, respectively). Nevertheless the observed plasma clearance of drug in the continuous infusion group
was clinically higher than bolus injection group and as a result the cumulative urine output per hour per
mg of furosemide in a continuous infusion was observed to be higher than bolus(P=0.2). Changes in
serum sodium and potassium:were similar for both groups, but bolus injection patients were associated
with higher potassium depletion (P=0.001). Therefore, continuous infusion seems to be better means of
diuretic therapy in criticaly.ill patients.
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INTRODUCTION

One of the common problems in ICU patients is
positive fluid_balance that may results from the
received of large amount of 1V fluids, TPN (total
parenteral  nutrition), and in gastric gavage
diseases such as renal falure and CHF
(Congestive Heart Failure). This problem along
with hemodynamic instability in criticaly ill
patients and those electrolyte imbalances,
especidly with cardiac, pulmonary, and rena
insufficiency, may cause pulmonary and
peripheral edema and electrolyte imbalances.
These complications may require positive
mechanical ventilation and increased in days of
staying in ICU (1- 3).

Furosemide is a potent diuretic agent with rapid
action, which is used in clinical practice to treat

edematous state in congestive heart failure,
nephrotic syndrome, and liver cirrhosis, and exerts
its effects through the lumina side of the thick
ascending limb of the loop of henle, where it
inhibits reabsorption of chloride and sodium (4-7).
It has been shown that the diuretic effect of
furosemide in patients with refractory congestive
heart failure could be controlled more effectively
if it is administered by continuous infusion (8). In
an animal study it was found that natriuretic and
diuretic efficiencies of furosemide were greater
with continuous infusion compared with bolus
administration (9). Severd studies have similarly
reported that furosemide natriuretic and diuretic
effects were greater than expected when the input
raie of drug was dowed by an IV
infusion (5, 10, 11).
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Comparative data from previous investigations
suggest that both the activity and disposition of
furosemide may differ as a function of age,
diseases (such as renal disease, CHF, liver disease
and hypertension), hydration state and plasma
protein content. However, criticaly ill patients
often present some pathophysiological conditions
that may frequently ater the pharmacokinetic
behavior of furosemide (12-15).

Since none of these studies have been conducted
in the critica care settings, the following study
was conducted to determine the relationship
between  pharmacokinetic ~ variables  and
physiological effects of furosemide in both groups
of continuous infusion and intermittent bolus, in
ICU patients.

PATIENTS AND METHODS
Study design
The study population consisted of 21 criticdly ill
patients who were admitted to ICU of Sina
hospital and required diuretic drug therapy. The
ethic committee at TUMS (Tehran University of
Medica Science) approved the study.
Exclusion criteria were: 1) pregnancy; 2) history
of sensitivity or intolerance to furosemide; 3)
clinical evidences of dehydration such as systolic
blood pressure/heart rate (SBP/ HR)<1 or mean
arterial  pressure (MAP) <60 mmHg or
CVP<8mmHg; 4) €lectrolyte imbalances
(potassium <3mmol/I, sodium < 130 mmol /1); 5)
patients had received another diuretic within the
last 12 hours; 6) hypotension.with asystolic blood
pressure (SBP)<90mmHg; 7) hypo-abuminaemia
(Albumin<3.5g/dl); 8) patients receiving renal
replacement therapy “ such as. hemodialysis,
peritoneal dialysis; 9)  patients with renal
dysfunction (creatinine clearance <50 ml/min);
(10) hepatic impairment (liver enzyme>3 times of
norma value; 11) patients with blood urea
nitrogen (BUN) more than 40 mg/dl and 12)
patients with bicarbonate level of more than 28
mEq/l.
The study was a randomized open label clinica
trial comparing intermittent intravenous bolus
administration of furosemide versus continuous
infusion. The fluid intake was by oral (500 — 700
mML/24 ous) @nd by intravenous (2000 mL/24qs).
Treatment in either group was based on a
specified algorithm according to the patient’s net
hourly fluid balance. Both regimens were titrated
individually to an hourly net fluid balance of at
least 1 ml/kg. Once this objective was achieved,
the dosing of furosemide was adjusted if necessary
to ensure that hourly urine output was at least 1
mi/kg until the end of therapy (determined by the
attending physicians). In situation where any
complications occurred which require diuretic

discontinuation, the patient was removed from the
study and managed accordingly. Patients were
divided to two groups.

Group 1 (Intermittent furosemide bolus
administration): After an initial 1V 20 mg, drug
dose was doubled during 3 hours (maximum in
each dose: 320 mg) when urine output was less
than 1 mi/kg/h.

Group 2 (continuous furosemide infusion): 250
mg of furosemide was diluted with 250 ml of 5
percent dextrose solution. Patients in the infusion
group  received  intravenous  furosemide
continuously at 0.1 mg/kg/h.

Methods

Serum Measurements:

Blood samples were collected at the time of 0, 10,
30, 60, 90. and 360 minutes to determine
pharmacokinetic. parameters following diuretic
therapy. Hemodynamic state of each patient (heart
rate, 'mean’ arterial pressure, centra venous
pressure) and urine output were recorded before
and after furesemide administration.

Acute Physiology and Chronic Health Evaluation
Scoring  System (APACHE II), sodium,
potassium, BUN, creatinine, calcium, phosphate
and arterial blood gas were monitored at the
beginning of the study and also at times of 6, 12
and 24 hours following diuretic therapy. During
the study period (12 hours) baseline data were
collected for each patient including: @)
demographic data and severity of illness using the
APACHE Il scoring system (16). (b) diagnosis
and reason for admission to the ICU; c)
hemodynamic variables (mean arterial pressure,
heart rate, central venous pressure) and d) the list
of all the medications being administered.

HPLC system:

In this study, a rapid, sensitive and selective
reversed phase HPLC assay using U.V detector
was employ (17). Acetonitril-water (30:70)
containing 5mM K,HPO,/KH,PO, was used as the
mobile phase. The pH of buffer solution was
adjusted to 4.25 with phosphoric acid. Flow rate
and injection volumes were 0.9 ml/min and 40ul
respectively. The detection wavelength and
detection limit of drug were 235 nm, 20 ng
respectively. The intra-assay coefficient of
variation of the method for furosemide in plasma
was always less than 10% (17, 18).

Pharmacokinetic analysis:

Pharmacokinetic parameters for furosemide were
determined by standard methods. The terminal
elimination rate constant (kg) was calculated from
the negative slope of the terminal log — linear
portion of the plasma concentration — time curve
by linear regression of the natural logarithm of
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plasma concentration against time. Half-life ()
was calculated from the equation of 0.693/k., The
maximum plasma concentration (Cy) Was taken
directly from the data. Volume of distribution (V)
was calculated by dividing the dose by Ci
(maximum concentration), and total clearance was
calculated by multiplying ke and V4 (19).

Statistical analysis:

Data are presented as mean+/_SD. Statistical
analysis was performed on a personal computer
with the SPSS 11.0.Statistical analysis included
Fishers Exact Test for percent comparisons and
Mann Whitney Test for quantitative variables.

RESULTS
Twenty-six patients were enrolled into the study.
Five patients had to be excluded because of
hemodynamic instability and electrolyte im-
balances. Twelve patients were randomly assigned
to the intermittent bolus group and nine patients
were given a continuous infusion of furosemide.
Baseline characteristics for both groups at the time
of entry to the study are compared in Table 1.
Urine output at different time intervals in both
groups are shown in table 2. There was no
significant difference in urine output at different
time intervals between two groups.
Cumulative hourly urine output per mg.. of
furosemide in the continuous infusion group was
higher than intermittent bolus group, but it was not
significant (table 3, P=0.2).
Cumulative hourly urine output in-the intermittent
bolus group was higher in «comparison with
continuous infusion group; nevertheless, in this
case dso it was not significant (table 3, P=0.4).
Pharmacokinetic parameters for the two groups
are compared in table 4.These -calculated
parameters were very similar for both treatment
groups. The changes in serum sodium and
potassium level were also similar (table 5).
Changes.in serum sodium and potassium with
time in continuous infusion group and intermittent
bolus group are shown in table 6.
It was found that decrease of potassium in bolus
group was higher than continuous infusion group
(table 6, P=0.001). Correlation between
pharmacokinetic parameters and cumulative urine
output after 12 hoursis shownin table 7.

DISCUSSION

The aim of this study was to evaluate the
relationships between pharmacokinetic variables
and physiologica effects of furosemide by two
methods of continuous infusion and intermittent
bolus administration, in critically ill patients.

Various studies have shown the potential benefits
of the use of continuous furosemide infusions in

patients with congestive heart failure refractory to
normal doses of furosemide (8, 20, 21).

Table 1. Basline clinical features at the time of
entry into the study (mean = SD)

Continuous  Intermittent

Infusion Bolus

Age (year) 57.4+20.3 55.7+16.8
Sex (F/M) (6/3) (4/8)
APACHEII 1315 1545
Primary Diagnosis

CHF

Multiple Trauma

ICH

Sepsis

Anaphylactic shock

Pneumonia

ladder tumor

Liver.cirrhosis

Gl bleeding

COPD

Cerebral edema
Mechanical Ventilation
Dopamine
Dobutamine
Nitroglycerin
ACE inhibitors

CUWNNNRFPROOOOORNER
NRPWOWNNRPRNORRPRRRERRERRLRNR

N

APACHE |l Score, Acute Physiology and Chronic Health
Evaluation Il Scoring System; ACE inhibitors, angiotensin
converting enzyme inhibitors; CHF, congestive heart failure;
Gl bleeding, gastrointestina bleeding; ICH, intra cranial
hemorrhage; COPD, chronic obstructive pulmonary disease.

No significant differences between groups were noted.

It has been found that there were no significant
differences in total urine volume after 12 hours
between bolus injection and continuous infusion
of furosemide after cardiac surgery. Consistent
with results of this study it has been reported that
variation of diuresis during continuous infusion
from hour to hour after bolus injection was low
and was sustained throughout the infusion period
(22).

While it has been shown that changes in serum
sodium and potassium levels are similar in both
groups (22, 23), the results of this study showed
that potassium decreased significantly (P=0.001)
in bolus group (table 6) but during continuous
infusion phase, changes in serum sodium and
potassium at 6, 12 and 24 hours after furosemide
infusion were not significant (table 5).

The results of this study which was conducted on
patient was different from results of arandomized,
crossover double blind study in healthy volunteers
in which the time course of furosemide delivery in
the proxima rena tubule was an important
determinant of diuretic response (10).
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Table 2.Mean urine output at different timeintervalsin two groups

Time Continuous infusion Intermittent bolus P.value
(min) Urine output (ml) Urine output (ml)
0-10 30.0+£175 42.1+60.1 0.6
10-30 66.2+ 51.1 160.7 + 186.9 04
30-60 90.3+£83.9 1259+ 1154 0.7
60-90 52.0+28.0 86.2 +118.1 0.6
90-120 67.4+39.3 77.8+85.1 0.7
120-360 320.5+294.8 293.7+ 88.3 0.5
360-720 4739+ 482.4 552.9 +244.3 0.13
Thereis not significant difference between groups.
Table 3.Mean hourly urine output of furosemide in two groups
Continuous infusion | ntermittent bolus P-value
Mean hourly urine output 92.2+ 56.3 116.2+35.2 04
(ml/hour)
Mean hourly urine output 9.3+7.5 48434 0.2

per mg of furosemide (ml/hr/mg)
Thereis no significant difference between groups.

Table 4. Mean + SD pharmacokinetic parameters of furosemide after continuous infusion and
intermittent bolus administration to critically ill patients.

Kinetic parameters Continuous infusion Intermittent bolus P-value
CL (mL/min) 1614134 138174 0.9
Vq (L) 12.245.1 12.247.2 05
ke (/min) 0.0112+0.0064 0.0121+0.0069 0.9
typ(min) 112.0+121.3 73.3+42.8 0.9

CL, clearance; V4 Volume of distribution; ke, elimination constant; ty», haf —life
Thereis no significant difference between groups:

Table 5. Serum sodium and potassium changes

Sodium (mEg/l) Potassium (mEg/l)
Time Continuous Intermittent Continuous I ntermittent
) . P-value ) . P-value
(hr) infusion bolus infusion bolus
0 139.22+5.80 140.42+5.40 0.7 4.33+1.18 4.56+0.80 0.3
6 137.11+5.88 138.08+5.76 0.7 4.11+0.84 4.08+0.75 0.9
12 137.67+6.89 138.25+5.97 0.6 4.23+0.56 4.12+0.54 0.6
24 139.11+7.66 138.08+7.18 0.8 3.94+0.61 3.75+0.72 0.5

Thereis no significant difference between groups.

Table 6. Serum potassium and serum sodium changes in continuous infusion group

Group Time (h) 0 6 12 24 P-value
) Serum
3 < 4.56+0.80 4.08+0.75 4.12+0.54 3.75+0.72 0.001*
g ke K(mEg/l)
2 £ Serum
g .= 140.42+5.40 138.08+5.76 138.25+5.97 138.08+7.18 0.2
) Na(mEg/l)
Serum
4.33+1.18 4.11+0.84 4.23+0.56 3.94+0.61 0.6
a K(mEg/l)
2 Serum
139.2245.80 137.11+5.88 137.67+6.89 139.11+7.66 0.5
Na(mEg/l)

No significant difference., *P<0.05 is significant
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Table 7. Correlation between pharmacokinetic
parameters and cumulative urine output after 12
hours.

Parameters Spearman’s P-value
coefficient
CL(mL/min) 0.54 0.01*
ke(min™®) 0.26 0.2
tyo(min) -0.46 0.03*
V(L) 0.59 0.005*

* P<0.05 is significant

In another study a variations in urine output in the
intermittent furosemide group were greater than
the continuous infusion group and it has been
concluded that patients who were
hemodynamically unstable should be given a
continuous infusion because urine output in this
case will be more predictable (24).

While a protocol for administration of furosemide
by bolus and continuous has been reported but the
relationship between pharmacokinetic parameters
and pharmacodynamic effect of two protocols
have not been evaluated. In this study a similar
protocol guided diuretic therapy with an interest to
investigate the disposition of the drug in an ICU
setup was conducted. In contrast to results of a
study that both protocols of standardized fluid
management therapy were equaly effectiverin
achieving net diuresis, the continuous (infusion
furosemide group had a more negative fluid
balance, although not statistically different from
the standardized bolus furosemide group. The
results of this study was similar.to results of a
report (1) in which, pharmaco-dynamic effects of
furosemide in both groups 'were not significantly
different.

Since none of these studies had evaluated the
pharmacokinetic profile of ‘continuous infusion
versus intermittent bolus< of furosemide in
heterogeneous group of criticaly ill patients, this
study was designed to assign these parameters and
the relationship -between pharmacokinetic and
pharmacodynamic response of furosemide in
criticaly ill patients. The results of the present

study illustrates, that there is a positive
relationships between plasma clearance, volume
of distribution and diuretic effects of furosemide
in criticaly ill patients (P- values 0.01 and 0.005
respectively).

It was found that when plasma clearance and
volume of distribution of furosemide increases,
the cumulative urine output after 12 hours also
increase.

Furosemide is eliminated via kidneys and the rate
of renal excretion is directly proportiona to the
plasma concentration, which is important when
the relationship between the diuretic effect and
drug's level at the site of action (23).Therefore
increase in plasma clearance shall be associated
with increase in diuretic effect. Our results show
that mean “urine output’ per hour per mg of
furosemide in" continuous infusion treatment
group; was higher than intermittent bolus although
it was not significant. Higher plasma clearance for
continuous infusion may be the possible
explanation for this effect. Our findingsin contrast
toareport (25) have confirmed that drug presence
in the site of action must be more relevant for its
diuretic effect than its plasma concentration.

CONCLUSIONS

This concluded that the input rate of furosemide
administration has no effect on derived
pharmacokinetic variables. However, there are
some correlation between these parameters
(plasma clearance, half-life, volume of
distribution) and pharmacodynamic response
(urine output) of furosemide. In addition, it was
found that plasma clearance of furosemide during
continuous infusion were higher than intermittent
bolus, dthough not satisticaly significant.
Intermittent administration was associated with
greater fluctuation in urinary output and greater
serum potassium decrease. Urinary output per
hour per dose of furosemide was higher and was
more consistent in continuous infusion.
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