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A B S T R A C T

Aim. Fenoldopam mesylate is a short-acting dopamine-1 agonist that has been suggested to be a possible reno-protec-
tive agent in patients undergoing cardiac surgery. The present study is a prospective, randomized, double-blind place-
bo controlled trial conducted to determine the effects of fenoldopam in a population of patients undergoing com-
plex cardiac operations.
Methods. Eighty subjects undergoing complex cardiac operations with cardiopulmonary bypass (CPB) were enrolled
in the study. Patients were randomly assigned either to the fenoldopam (0.1 µg . kg-1. min-1) or the placebo group.
Fenoldopam infusion started at the onset of CPB and was maintained for the first twelve postoperative hours. CPB
parameters and renal outcome data were collected. 
Results. Patients in the fenoldopam group had higher oxygen delivery during CPB and a significantly lower perfusion
pressure, although this parameter was still within the normal range. Blood lactate concentrations during CPB were sim-
ilar in the two groups. Urine output during and after CPB did not differ between groups, nor did the renal function
parameters. There was a significantly higher rate of acute kidney injury (AKI) in the placebo group (10% vs 0%). In
the subgroup of patients requiring inotropic support for more than 48 hours, renal function parameters were signifi-
cantly better, the peak arterial blood lactate was significantly lower, and the major morbidity rate was significantly
lower (36% vs 100%) for patients who received fenoldopam.
Conclusion. Fenoldopam improves the quality of perfusion during CPB. In patients receiving catecholamines to treat
a postoperative low cardiac output state, fenoldopam significantly improves renal function and prevents AKI and
major morbidity. (Minerva Anestesiol 2010;76:249-59)
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Acute kidney injury (AKI) following cardiac
operations with cardiopulmonary bypass

(CPB) are a common and life-threatening com-
plications, with a reported incidence of 1% to 5%.
When dialytic treatment is required, the mortal-
ity rate may reach 50%.1-3 Various factors related
to the conduction of CPB have been advocated
as possible determinants of AKI. They include

CPB duration,1, 4, 5 a low perfusion pressure,6 low
pump flow,6, 7 severe hemodilution,7-10 and low
oxygen delivery.7

Fenoldopam mesylate is a short-acting
dopamine-1 agonist with antihypertensive prop-
erties. It appears to improve renal function in clin-
ical situations of reduced blood flow 11, 12 by increas-
ing renal blood flow to both the cortex and
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medullary region. In cardiac surgery, it has been
proposed as a reno-protective agent. Case reports
and case series have provided encouraging results.13,

14 In 2004, a large, non-randomized, propensity
score-adjusted study 15 failed to identify a benefi-
cial effect of fenoldopam in patients at high-risk
for acute renal failure following cardiac surgery.
However, the same study found that in the sub-
group of patients with a low cardiac output state
(LCOS) after cardiac operation, the use of
fenoldopam significantly decreased the incidence
of acute renal failure. Subsequently, a randomized
controlled trial 16 found no effect of fenoldopam on
the renal function of patients who had undergone
cardiac surgery. However, other studies confirmed
that fenoldopam may have a beneficial effect on
renal function in patients undergoing cardiac sur-
gery with CPB 17, and a recent meta-analysis 18

found that in cardiovascular patients undergoing
operations, fenoldopam use resulted in a reduced
rate of acute renal failure and mortality.

In light of this, the present level of knowledge
with respect to the role of fenoldopam in reducing
the renal risk associated with cardiac operations
is inconsistent. The present study is a prospective,
randomized, double-blind, placebo-controlled tri-
al aimed to determine if the use of fenoldopam
results in favorable changes in the quality of per-
fusion during CPB and to investigate whether the
use of fenoldopam reduces renal morbidity fol-
lowing cardiac operations.

Material and methods

Study design 

This single-center prospective, randomized,
double-blind, placebo-controlled study was per-
formed at a tertiary University Hospital. The study
was approved by the local Ethics Committee and
was registered in the Protocol Registration System
Clinical Trial.Gov (registration number
NCT00747331). The study was conducted
according to the most recent amendments to the
Declaration of Helsinki and in adherence to good
clinical practice guidelines. Each patient provided
written informed consent.

This study is reported according to the Revised
Consolidated Standards of Reporting Trials (CON-
SORT) statement.19

Subject population

Patients who were scheduled for elective car-
diac operations with CPB, who were age of 18
years or more, and who had  a planned complex
cardiac operation (coronary and valve operation;
double/triple valve operation; ascending aorta
operation) requiring a predictable CPB time of
90 minutes or more were included. 

Exclusion criteria were the absence of written
informed consent and the presence of a known
allergy to fenoldopam. Preoperative chronic renal
failure needing dialysis was not an exclusion crite-
rion. However, patients in this condition were
excluded from the renal function related outcome
analyses (secondary endpoints).

Between September 25, 2008 and March 19,
2009, all patients received their operations in the
same Hospital (IRCCS S. Donato Policlinic). All
data were recorded using the Institutional
Database. Additional data were recorded using a
specific data collection form.

Operative details

Premedication included atropine sulphate (0.5
mg), promethazine (50 mg), and fentanyl (50 to
100 µg, according to the patient’s weight).
Anesthesia was induced by an intravenous infu-
sion of remifentanil (starting dose 0.5 µg . kg-1.

min-1) and a midazolam bolus of 0.2 mg/kg.
Cisatracurium besylate (0.2 mg/kg) was subse-
quently administered to allow for tracheal intu-
bation. Subsequently, anesthesia was maintained
with a continuous infusion of remifentanil (dose
ranging from 0.05 µg . kg-1. min-1 to 1 µg . kg-1.

min-1, titrated based on the hemodynamic
response) and midazolam (0.1 mg . kg-1. h-1). 

CPB was conducted using either closed or open
circuits, standard or phosphorylcholine-coated
hollow-fiber oxygenators, and roller or centrifu-
gal pumps, according to availability. Regardless of
the circuit used, the priming volume was always
minimized to 800-1 000 mL. CPB flow was set-
tled at a value of 2.8 L . min-1. m-2. The lowest tem-
perature on CPB was decided by the surgeon but
was kept within a range of 28 °C - 34 °C. The
CPB flow was adjusted to maintain a mean perfu-
sion pressure in the range of 60-80 mmHg. If
needed, systemic vasoconstrictor (norepinephrine)

MINERVA MEDICA COPYRIGHT®



Vol. 76 - No. 4 MINERVA ANESTESIOLOGICA 251

FENOLDOPAM IN COMPLEX CARDIAC SURGERY RANUCCI

or vasodilator (sodium nitroprusside) infusions
were used to keep the perfusion pressure within
range. In case of low urine output during CPB
(<0.5 mL. kg -1. h-1), furosemide (10 mg) was
administered intravenously.

Cold crystalloid or blood cardioplegia were used
according to the surgeon’s preference.

Interventions

Patients were randomly allocated to the study
group (fenoldopam) or to the placebo group. The
intervention consisted of an intravenous infusion
of fenoldopam at the dose of 0.1 µg.kg-1.min-1,
which was started immediately before the onset
of CPB and lasted for twelve hours after the
patient’s arrival at the Intensive Care Unit (ICU).
The infusion was limited to the intraoperative and
early postoperative period because the primary
endpoint was related to intraoperative variables.
Patients in the placebo group received an intra-
venous infusion of saline solution at the same rate
(mL/h) and during the same time period as the
fenoldopam group.

No changes to our standard of care for the intra-
operative or postoperative treatment were applied
during the study period.

Objectives

The primary endpoint of this study was to assess
if fenoldopam infusion during prolonged CPB
resulted in changes to the adequacy of perfusion,
as established by serial measurements of blood lac-
tate (BL) concentration and oxygen delivery (DO2)
during CPB. Peak BL during the first 72 hours in
the ICU were recorded. Additional data collect-
ed during CPB were pump flow, perfusion pres-
sures, hemoglobin values, arterial oxygen tension,
arterial carbon dioxide tension, arterial pH, arte-
rial bicarbonate levels, and temperature.

Sampling times were defined as follows: T0:
after induction of anesthesia, 30 minutes before
going on CPB; T1: 10 minutes after the onset of
CPB; T2-T6: on CPB, at time intervals of 20 min-
utes; T7: peak value in the ICU (in the first 72
hours after the operation).

Secondary endpoints were focused on renal
function during and after CPB, with the follow-
ing measurements:

1. Urine output during CPB and in the first 12
hours in the ICU;

2. changes in serum creatinine values (mg/dL)
from baseline to the peak postoperative level and
changes in the creatinine clearance (mL/min) cal-
culated according to the Cockcroft-Gault equa-
tion from baseline to the lowest value within the
first 72 hours after the operation;

3. incidence of AKI in the two groups, defined
according to the RIFLE criteria 20 as a peak post-
operative creatinine value higher than 2.0 mg/dL
and double the baseline value, sustained for more
than 24 hours within the first 72 postoperative
hours.

Outcomes considered at the above points (2)
and (3) were restricted to the first three days after
the operation to select a time frame that could be
affected by drug administration. AKI presenting at
a later stage, as a complication of a chronic condi-
tion of multi-organ failure, was not considered
within the secondary outcomes.

Other parameters considered in the analysis
were hospital mortality (i.e., within 30 days of
hospital admission) and major morbidity (defined
as the presence of at least one of the following con-
ditions: AKI, stroke, mechanical ventilation > 48
hours, surgical re-exploration, and sternal wound
infection). 

The other data included in our standard data
collection were recorded but were not considered
as primary or secondary outcome measurements.
Demographics, preoperative risk profile, and intra-
operative data were collected for checking the
homogeneity of the two groups. Acute renal fail-
ure risk was assessed using the score proposed by
the Cleveland Clinic.21

Sample size

The study was powered based on the primary
outcome (changes in BL concentration).  In this
study, the reference value for peak BL concentra-
tion during CPB was obtained from our recent
study 22 in which patients who underwent a CPB
longer than 90 minutes experienced a mean peak
BL concentration of 2.1 mMol/L (standard devi-
ation 1.2 mMol/L), with 34% of the patients
demonstrating hyperlactatemia (>2 mMol/L). The
experimental hypothesis was that patients treated
with fenoldopam would have a lower peak BL
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concentration during CPB (effect size -0.6
mMol/L, 40% of the variance) and that the rate of
patients with hyperlactatemia would be reduced to
10%. With an alpha of 0.05 and power of 80%,
the number of patients in each group was calculat-
ed as 38 for changes in peak BL concentration and
40 for changes in the rate of patients with hyper-
lactatemia.

Therefore, the number of patients to be studied
was settled at 40 for each group (total patient pop-
ulation=80). An interim analysis was planned at
50% of the study (40 patients enrolled). A stopping
rule was determined in the case that the interim
analysis detected significant differences in mor-
tality and/or major morbidity.

Randomization procedure

The random allocation sequence was generat-
ed using a computerized random generation pro-
gram. 

The randomization was generated in blocks of
20 patients. This procedure was performed by an
external staff person working in the hospital phar-
macy. Based on this process, sealed envelopes con-
taining the allocation group were created and
stored in the pharmacy. 

The patients were evaluated for eligibility
the day before the operation. If patients were
eligible and agreed to participate in the study,
they were enrolled. On the morning of the oper-
ation, the investigator(s) contacted the phar-
macy, and the sealed envelope was opened and
stored. The pharmacist prepared either drug or
placebo according to the randomization
sequence, using unlabeled 500 mL bottles.
Fenoldopam bottles contained 250 mg of drug.
The bottles were then sent to the operating the-
ater, where the investigator prepared a 50 mL
syringe of the drug or placebo that was used
for continuous intravenous infusion during and
after the operation, at an infusion rate corre-
sponding to a dose of 0.1 µg.kg-1.min-1 of
fenoldopam.

Blinding

The participants, those administering the drug,
and those assessing the outcomes were blinded to
group assignment. 

Statistical methods

The analysis was conducted according to “inten-
tion to treat”. The two groups were compared for
homogeneity of preoperative and intraoperative
data using a Student’s t-test for continuous variables
with a normal distribution, non-parametric tests
for continuous variables that were not normally
distributed, and a Pearson’s chi-squared test for
categorical variables.

Continuous outcome variables were investigat-
ed for between-groups differences using a Student’s
t-test for continuous variables with a normal dis-
tribution, non-parametric tests for continuous
variables that were not normally distributed, and
a Pearson’s χσ2 test with the Yates’ correction or a
Fisher exact test, when appropriate, for categori-
cal variables. 

The association between continuous variables
was explored with linear or polynomial regression
analyses. Two-sided tests were used throughout.
When needed, adjustment analyses were applied.

A subgroup analysis was pre-planned for patients
who developed LCOS after weaning from CPB.
LCOS was defined as the need for inotropic sup-
port for more than 48 hours in the postoperative
course and/or intra-aortic balloon pump use. This
subgroup analysis was planned based on our pre-
vious observation that fenoldopam treatment was
effective primarily in patients under LCOS.15

Additional analyses were considered in case sig-
nificant differences in other parameters that were
a part of our standard data collection but were not
considered as primary or secondary outcome meas-
urements, were found.

All data are presented as absolute numbers or
means with standard deviation (SD). Statistical
analyses were performed using a computerized sta-
tistical package (SPSS, Chicago, IL, USA).

Results

The flow of participants through each phase of
the study is shown in Figure 1.

The two groups were homogeneous with respect
to preoperative variables (Table I). Two patients
with chronic renal failure under dialytic treatment
in the fenoldopam group were excluded from the
analysis of secondary endpoints related to changes
in renal function and AKI incidence. Due to the

MINERVA MEDICA COPYRIGHT®



Vol. 76 - No. 4 MINERVA ANESTESIOLOGICA 253

FENOLDOPAM IN COMPLEX CARDIAC SURGERY RANUCCI

presence of these two patients, the standard devi-
ation for preoperative creatinine was very large in
the fenoldopam group. No between-group differ-
ences in the acute renal failure risk score were
observed. Both patients under chronic dialysis sur-
vived the operation. Intraoperative variables did
not significantly differ between the two groups,
with the exception of the use of systemic vasodila-
tors during CPB. Systemic vasodilators were uti-
lized more frequently in the placebo group (10%)
than in the fenoldopam group (0%).

Primary endpoint: perfusion and metabolic changes
during CPB 

During CPB, patients in the fenoldopam
group had a significantly higher DO2 than
patients in the placebo group at times T3
through T5 (Figure 2). This difference disap-
peared at T6 (110 minutes), when only 25
patients in both groups were still on CPB. The
lowest DO2 on CPB was significantly lower in
the placebo group (273±41 mL . min-1. m-2) than
in the fenoldopam group (292±41 mL min-1. m-

2) (P=0.048). No significant changes in hemoglo-

bin concentration were detected during CPB,
whereas the pump flow rate was significantly
higher at times T2 through T5 (Figure 3). The
mean perfusion pressure was significantly lower
in the fenoldopam group for all sampling times,
with the exception of T4 (Figure 4). No signif-
icant differences in BL concentration were detect-
ed during the observation period (Figure 5).
Four patients in the placebo group and seven in
the fenoldopam group had a peak BL value >2.0
mMol/L during CPB (P=0.330).

Secondary endpoints: outcome variables

No significant changes (Table II) were observed
between the two groups with respect to the change
in urine output during CPB and in the first 12
postoperative hours, the peak serum creatinine
values or the creatinine clearance values. The inci-
dence of AKI was significantly higher in the place-
bo group (10%) than in the fenoldopam group
(0%). 

There was a positive association between the
lowest DO2 during CPB and the lowest creatinine
clearance in the ICU (P=0.04). However, when

None lost to follow-up
No discontinued intervention

Analyzed  (N.= 40)
None excluded from analysis

Excluded (N.= 572)
Did not meet the inclusion criteria (N.=512)

Refused to participate (N.=33)
Other reasons (N.=2)

Randomized (N.=80)

Assessed for eligibility (N. = 652)

Allocated to placebo (N.= 40)
Received allocated intervention (N.=40)

Analyzed  (N.= 40) for primary endpoint
2 subjects excluded from the  renal function
secondary endpoint (preoperative dialysis)

None lost to follow-up
No discontinued intervention

Allocated to fenoldopam (N.= 40)
Received allocated intervention (N.=40)

Figure 1.—Flow of participants through each stage of the study.
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analyzed separately, this association was strongly
confirmed in the placebo group (P=0.001) but
not in the fenoldopam group (Figure 6).

Major morbidity and mortality rates were not
significantly different between the two groups. 

Allogeneic blood transfusion rate was the same
(26 patients, 65%) in both groups.

We registered five (6%) postoperative deaths
and no intraoperative deaths within the study
group. One patient in the placebo group died on
post-operative day 7 due to multi-organ failure in
the setting of a LCOS treated with inotropic sup-
port and an intra-aortic balloon pump. Four
patients in the fenoldopam group died. One
patient died on postoperative day 12, after being
re-operated on for an infectious endocarditis of

the implanted mechanical mitral valve prosthesis
and then developing multi-organ failure in the
setting of a LCOS and severe sepsis. A second died
on postoperative day 33 due to multi-organ fail-
ure caused by pneumonia and severe sepsis. A third
died on postoperative day 5 due to mesenteric
infarction in the setting of LCOS treated with
inotropic support and an intra-aortic balloon
pump. A fourth died on postoperative day 15 due
to multi-organ failure secondary to pneumonia
and severe sepsis in the setting of LCOS treated
with inotropic support and an intra-aortic bal-
loon pump. Considering the total postoperative
outcome, two patients in the placebo group and
four in the fenoldopam group required renal
replacement therapy.

TABLE I.— Demographics, preoperative risk profile and operative data for the two groups.

Variable Placebo (N.=40) Fenoldopam (N.=40) P value

Pre-randomization data
Age (years) 65±5 64±4.5 0.917
Male gender 28/40 29/40 0.805
Weight (kg) 79±7 79 1±7,24 0.880
Hematocrit (%) 39.1±4.4 36.8±9.34 0.158
Left ventricular ejection fraction 0.55±0.11 0.51±0.12 0.201
Unstable angina 1/40 0/40 0.314
Chronic obstructive pulmonary disease 1/40 2/40 0.556
Previous cerebrovascular accident 2/40 5/40 0.235
Diabetes, on medication 6/40 5/40 0.745
Serum creatinine value (mg/dL) 1.08±0.43 1.39±1.65 0.249
Creatinine clearance (mL/min) 84±38 80±41 0.661
Renal risk score* 2.9±1.6 3.1±1.6 0.628
Chronic dialysis 0/40 2/40 0.152
Logistic EuroSCORE 10.4±8.9 10.3±11.1 0.943
Redo operation 4/40 4/40 1.000
CABG and mitral valve procedure 5/40 4/40 0.723
CABG and aortic valve procedure 12/40 9/40 0.446
CABG and left ventricle restoration 4/40 4/40 1.000
Double/triple valve procedure 4/40 7/40 0.330
Aortic valve and ascending aorta 12/40 16/40 0.348
Others 3/40 1/40 0.305
Crystalloid/blood cardioplegia 2/38 5/35 0.235

Post-randomization data
CPB duration (minutes) 114±35 111±35 0.693
Aortic cross-clamp time (minutes) 83±27 85±29 0.775
Use of systemic vasodilators 4/40 0/40 0.040
Use of systemic vasoconstrictors 0/40 1/40 0.314
Use of furosemide 11/40 8/38 0.507
Lowest hematocrit on CPB (%) 25.7 ±3.5 26.5±3.1 0.331
Lowest temperature on CPB (°C) 31.5±1.9 31.3±1.6 0.669

*Excluding patients under chronic dialysis; CABG: coronary artery bypass graft; CPB: cardiopulmonary bypass. Data are reported as mean±stan-
dard deviation of the mean or absolute numbers.
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Subgroup analysis: patients with postoperative low
cardiac output syndrome

Data for patients with LCOS (requiring inotrop-
ic support for more than 48 postoperative hours)
are reported in Table 3. This subgroup comprised
17 patients (six in the placebo group and eleven in
the fenoldopam group, P=0.172). The urine out-
put during the first 12 postoperative hours was
significantly higher in the fenoldopam group. The
peak serum creatinine value and the serum creati-

nine increase were significantly higher in the place-
bo group. Additionally, the lowest creatinine clear-
ance was significantly lower in the placebo group,
and the creatinine clearance decrease was signifi-
cantly more pronounced in the placebo group. All
patients demonstrating AKI were found within
this subgroup, and the rate of this was significant-
ly higher in the placebo group.

The peak postoperative BL level was signifi-
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Figure 2.—Oxygen delivery during cardiopulmonary bypass in
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standard deviation.
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cantly higher in the placebo group. Major mor-
bidity incidence was significantly higher in the
placebo group (100%) than in the fenoldopam
group (36%). No differences in mortality were
observed.

Discussion

The key findings of our study are the use of
fenoldopam during CPB is associated with a reduc-
tion in systemic resistance. This reduction may be
effectively counteracted by increased pump flow,
with a moderate reduction in perfusion pressure,
and without the need for vasoconstrictive drugs.
As a result, (1) the DO2 during CPB was signifi-
cantly increased by fenoldopam treatment, par-
ticularly after the first hour of CPB; (2) no effects
on BL concentration during CPB were detected in
patients receiving fenoldopam; (3) AKI rate in the
first three days after the operation was significant-
ly lower in fenoldopam-treated patients; and (4) in

TABLE II.— Outcome data of the two groups (total population). 

Variable Placebo (N.=40) Fenoldopam (N.=40) P value

Urine output during CPB (mL.kg-1.h-1)* 1.6±2.0 1.7±2.8 0.946
Urine output ICU (mL.kg-1.h-1 )* 2.3±1.2 2.6±1.2 0.294
Peak creatinine value (mg/dL)* 1.4±0.9 1.3±0.6 0.521
Creatinine increase ratio (peak/baseline)* 1.3±0.9 1.1±0.2 0.306
Lowest creatinine clearance (mL/min)* 76±42 77±39  0.982
Creatinine clearance  ratio (peak/baseline)* 0.91±0.25 0.91±0.19 0.995
Acute kidney injury* 4/40 0/38 0.045
Major morbidity 8/40 5/40 0.418
Operative mortality 1/40 4/40 0.139

Data are reported as mean±standard deviation of the mean or absolute numbers. *Excluding patients with preoperative chronic renal failure; CPB:
cardiopulmonary bypass; ICU: intensive care unit.
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diopulmonary bypass and the lowest creatinine clearance dur-
ing the intensive care unit stay. Solid lines: linear regression with
95% confidence interval for the placebo group. Dashed line:
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monary bypass; ICU: intensive care unit.

TABLE III.—Outcome data of the two groups (patients with postoperative low cardiac output).

Variable Placebo (N.=40) Fenoldopam (N.=40) P value

Urine output ICU (mL.kg-1.h-1)* – 12 hours 1.6±0.6 2.61±1.2 0.042
Peak creatinine value (mg/dL) 2.9±1.3 1.84±0.7 0.041
Creatinine increase ratio (peak/baseline) 2.6±1.4 1.35±0.2 0.007
Lowest creatinine clearance (mL/min) 34±22 56±41 0.166
Creatinine clearance  ratio (peak(baseline) 0.47±0.22 0.76±0.14 0.005
Acute kidney injury 4/6 0/11 0.002
Peak blood lactate (mMol/L) 9.7±4.6 5.7±2.7 0.037
Major morbidity 6/6 4/11 0.011
Operative mortality 1/6 4/11 0.394

Data are reported as mean±standard deviation of the mean or absolute numbers. *Excluding patients with preoperative chronic renal failure; ICU:
intensive care unit.
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the subgroup of patients receiving inotropic drugs
to treat LCOS immediately after the operation,
fenoldopam treatment resulted in better kidney
function and a reduced rate of AKI and major
morbidity.

Indirect signs of renal perfusion (urine output)
were not significantly different between the two
groups. This finding is in agreement with Bove et
al.18 who compared low-dose fenoldopam with
low dose dopamine. 

Patients in the fenoldopam group demonstrat-
ed a higher DO2 during CPB. A low DO2 during
CPB is associated with an increased rate of acute
renal failure 7 and with increased BL production.21

BL production during CPB was not significantly
different between the two experimental groups in
our study. However, the DO2 was maintained
above the previously identified critical threshold for
hyperlactatemia in both groups,22 and this could
justify the lack of association between BL produc-
tion and the DO2. 

The association between the lowest DO2 dur-
ing CPB and a deterioration of postoperative renal
function (lowest creatinine clearance in the ICU),
which has already been demonstrated by our
group7, was confirmed in this study. However,
interestingly, this was true only in the placebo
group. Our interpretation is that fenoldopam may
have diverted blood perfusion and oxygen flow
towards the renal vascular bed, therefore, limit-
ing the deleterious effects of a low DO2 during
CPB. 

With respect to the primary endpoint of the
present study, we conclude that despite a higher
DO2, patients treated with fenoldopam did not
demonstrate changes in urine output or BL pro-
duction during CPB. However, this increased DO2

may have limited early postoperative renal dys-
function. In fact, patients in the fenoldopam group
had a significantly lower rate of AKI in the first
72 hours following the operation. This finding is
in agreement with Barr et al.17 who demonstrated,
in a randomized controlled trial, that a fenoldopam
dose of 0.1 µg.kg-1.min-1 started at the beginning
of the operation and continued for 48 hours after-
wards preserved renal function in patients under-
going cardiac surgery.

In a previous study, we generated the hypothe-
sis that fenoldopam treatment may be beneficial in

patients receiving catecholamines for the treat-
ment of postoperative LCOS. In a subgroup analy-
sis of the present study, this hypothesis was con-
firmed. Patients experiencing LCOS and receiving
fenoldopam in the first 12 postoperative hours
demonstrated a significant improvement in all the
renal function parameters considered, a signifi-
cantly lower rate of AKI, a lower peak BL level,
and a lower rate of major morbidity.

In the setting of cardiac surgery, AKI and acute
renal failure are the consequence of postoperative
LCOS in a large majority of cases. In a risk analy-
sis for renal dysfunction following cardiac surgery,
when one takes into consideration numerous post-
operative factors, it appears that LCOS and the
use of intra-aortic balloon pumps are always strong-
ly associated with AKI/acute renal failure.3, 23-25

In our study population, the four AKI events were
all found within the LCOS group. 

The mechanisms by which LCOS may lead to
decreased blood flow to the splanchnic organs,
namely to the kidney, are well known, and their
analysis is beyond the purpose of the present study.
It is, however, useful to recall the role of endoge-
nous and exogenous catecholamines in the setting
of LCOS and their action in determining periph-
eral and visceral vasoconstriction. In the setting
of an endogenous and exogenous vasoconstrictive
pattern, fenoldopam treatment exerted a protec-
tive effect on renal function. It is reasonable to
hypothesize that the pre-renal vasodilating effect
of fenoldopam 26, 27 may effectively counteract the
splanchnic vasoconstriction generally considered
to be a major determinant of acute renal failure. In
fact, in patients not suffering from postoperative
low cardiac output syndrome, fenoldopam treat-
ment was not associated with any change in renal
function after the operation.

The general interpretation of our results in the
context of the current evidence is not in favor of the
routine use of fenoldopam in cardiac surgery.
Moreover, it should be considered that, although
not significant, there was a trend towards a higher
rate of LCOS and hospital mortality in the
fenoldopam group. Our data confirm that, in the
general population and in the absence of LCOS,
fenoldopam treatment does not significantly change
the outcome, as observed in a previous random-
ized controlled trial.16 The results of this previous
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randomized controlled trial are, however, difficult
to compare with our findings — the fenoldopam
dose was different (0.05 µg.kg-1.min-1), the use of
vasoconstrictors during CPB was more frequent
in the fenoldopam group, and no subgroup analy-
sis for patients needing inotropic support was pre-
sented. Similar studies using the same fenoldopam
dose demonstrated a lower rate of AKI and renal
replacement therapy in high-risk cardiac surgery
patients treated with fenoldopam 28 and a lower
rate of renal replacement therapy in patients with
postoperative AKI.29

Conversely, our results have generated the
hypothesis that patients at high risk for periopera-
tive heart failure may benefit from fenoldopam
treatment, thus confirming the results of a recent
meta-analysis.18 The risk stratification of our patient
population is quite high, with a EuroSCORE
around ten, thus, there is a high operation-related
risk due to the complexity of the procedure.

There are two major limitations to the present
study. The first is that despite the finding of a high-
er DO2 in fenoldopam-treated patients, the pri-
mary endpoint regarding BL production changes
was not achieved. We were able to find an indi-
rect association between the use of fenoldopam,
the lowest DO2 on CPB, and the serum creati-
nine clearance during the ICU stay, but not with
the other renal function-related variables.
Therefore, the issue of CPB changes induced by
fenoldopam as determinants of better renal out-
comes needs further study. As a second limitation,
we must admit that the most interesting findings
came from a pre-planned subgroup analysis focused
on LCOS patients. Although this analysis identi-
fied important differences between the two groups,
the sample size of the analysis was small. 

Conclusions

AKI is still a relatively frequent complication
of cardiac surgery, with an incidence of about 2%30

and standard diuretic treatment is ineffective in
either preventing it or improving the outcome
once it is established.31 In this setting, alternative
measures should be explored.

Our study suggests that the use of fenoldopam
during prolonged CPB improves the quality of
perfusion, without, however, changing the postop-

erative outcome. Conversely, there is evidence that,
in patients suffering from postoperative LCOS,
the use of fenoldopam along with the convention-
al treatment based on catecholamines and mechan-
ical support may significantly limit the deteriora-
tion of renal function and avoid AKI. However,
this improvement was not reflected in a lower mor-
tality rate; thus, we cannot exclude that the ben-
eficial effects observed may be limited to the ear-
ly phases of peri-operative heart failure.

To better elucidate the role of fenoldopam dur-
ing LCOS, a randomized controlled trial focused
on this subgroup of patients is required.
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