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Abstract: Background: Fenoldopam mesylate is a selective agonist of DA-1 receptors. It is currently 

used for the in-hospital treatment of severe hypertension. DA-1 receptors have high density in renal pa-

renchyma and for this reason, a possible reno-protective role of Fenoldopam mesylate was investi-

gated. 

Methods: We examined all studies regarding the role of Fenoldopam mesylate in Acute Kidney Injury 

(AKI); particularly, those involving post-surgical patients, intensive care unit patients and contrast-

induced nephropathy. 

Results: Fenoldopam mesylate was found to be effective in reducing the onset of postoperative AKI, 

when used before the development of the kidney damage.  Positive results were also obtained in the 

management of intensive care unit patients with AKI, although the clinical studies investigated were 

few and conducted on small samples.  

Conclusion: Conflicting results were achieved in contrast-induced nephropathy.  

 

 
Keywords: Fenoldopam mesylate, post-operative acute kidney injury, contrast-induced nephropathy, Intensive care unit-acute 
kidney injury, DA-1 receptor, dopamine, chronic kidney disease. 

1. INTRODUCTION 

 Clinical and pharmaceutical research is in continuous 
evolution. The synthesis of new drugs is sometimes faster 
than their clinical trials, with the risk of overlooking certain 
molecules that instead may have important therapeutic po-
tential.  

 Fenoldopam mesylate (FM) is currently used for in-
hospital, short-term (up to 48 hours) management of severe 
hypertension [1], but may potentially be used for different 
therapeutic and prophylactic purposes.  

 The following review analyzes the available literature on 
the possible role of FM in the prophylaxis of Acute Kidney 
Injury (AKI) in intensive care, in the surgical field, and in con-
trast-induced nephropathy (CIN). With these objectives, we 
reviewed all the existing literature on PUBMED and COCH-
RANE LIBRARY using the key-word “FENOLDOPAM”, 
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obtaining 749 and 132 references, respectively. We then ex-
amined all the studies evaluating FM’s pharmacodynamic 
and pharmacokinetic properties in humans, focusing on the 
clinical studies demonstrating the possible kidney-protective 
effects of FM. Furthermore, we analyzed any eventual limits 
and bias in the clinical trials that studied the prophylactic and 
therapeutic effects of FM in AKI, as an attempt to explain the 
eventual discordance among the obtained results (Table 1). 

 FM, first named SK&F 82526, was synthesized in 1980 
by the chemist Joseph Weinstock and his team at the Smith 
Kline & French laboratories in Philadelphia [2]. FM is a 
highly selective agonist of the Dopamine-1 like (DA-1) re-
ceptors. In the kidney, DA-1 receptors are localized on the 
middle layer of blood vessels, the proximal convoluted tu-
bules, and the cortical collecting ducts. Their stimulation 
leads to renal vasodilation, urinary sodium excretion, and 
diuresis [3, 4]. DA-1 receptors are also localized on the mid-
dle layer of blood vessels of other organs, with different re-
ceptor density: the intravenous administration of FM induces 
peripheral arterial vasodilation in the splanchnic, muscular, 
and coronary vessels. Nevertheless, DA-1 receptors are pre-
sent with greater density in renal and splanchnic arteries than 
in coronary and cerebral vessels [5].  
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Table 1. Major clinical studies on the effects of FM in three different subtypes of AKI. 

A) Fenoldopam Mesylate and PO-AKI 

References Year 
No. 

Patients 

Type of 

Study 
FM Dose Type of Patients 

Effects of  

FM 
Primary Outcome 

P Value for  

Primary  

End-point 

O’Hara JF 

[27] 
2013 90 

Double-blind 

RCT 

0.1 �g/Kg/min for  

24-h period 

Nephrectomy in 

patients with solitary 

kidney 

- Change in GFR P=0.15 

Ranucci M 

[28] 
2010 80 

Double-blind 

RCT 

0.1 �g/Kg/min started 

at the onset of CPB for 

the first 12 postopera-

tive hours 

Cardiac (coronary and 

valve) surgery pa-

tients 

+ 

Adequacy of perfusion 

established by serial 

measurements of blood 

lactate concentration and 

oxygen delivery 

P=0.048 

Biancofiore 

G [29] 
2004 140 RCT 

0.1 �g/Kg/min from 

the time of anaesthesia 

induction to 96 hours 

post-operatively 

Patients undergoing 

orthotopic liver 

transplantation 

+ 

FM’s effect in preserving 

renal function after liver 

transplantation 

P ˂ 0.001 (vs. 
placebo) 

P ˂ 0.05 (vs. 
dopamine) 

Barr LF [30] 2008 83 
Double-blind 

RCT 

0.1 �g/Kg/min was 

started intravenously 

at surgical induction 

and continued for  

48 hours 

Cardiac surgery 

patients with preop-

erative clearance ≤ 40 

mL/min but with 

creatinine ≤ 1.1 

mg/dL 

+ 

The difference between 

the preoperative and 

postoperative day 3 

creatinine clearances 

P=0.0286 

Cogliati AA 

[31] 
2007 193 

Double-blind 

RCT 

Continuous infusion 

of FM, 0.1 �g/Kg/min 

for 24-h period 

Cardiac surgery 

patients with at least 

one of the following 

risk factors: pre-

operative serum 

creatinine >1.5 

mg/dL, age >70 years, 

diabetes mellitus, or 

prior cardiac surgery 

+ 

Patients who underwent 

elective cardiac surgery 

with CPB and received 

prophylactic FM for 24 

hours had a lower inci-

dence of AKI 

P=0.02 

Caimmi PP 

[32] 
2003 160 RCT 

Continuous intrave-

nous administration of 

low-dose FM (0.1-0.3 

�g/Kg/min) during 

CPB and in the early 

postoperative period 

Patients with serum 

creatinine >1.5 g/dL 

who underwent 

uncomplicated mod-

erate hypothermic 

CPB for cardiac 

surgery 

+ 
Improvement of postop-

erative renal parameters 
P ˂0.001 

Bove T [33] 2005 80 
Double-blind 

RCT 

0.05 �g/Kg/min after 

the induction of anaes-

thesia for a 24-h 

period 

Cardiac surgical 

patients at high risk of 

perioperative renal 

dysfunction 

Null 

25% creatinine increase 

from baseline levels after 

cardiac surgery 

P=0.9 

Halpenny M 

[34] 
2002 28 

Double-blind 

RCT 

0.1 �g/Kg/min prior to 

surgical skin incision 

until release of the 

aortic clamp 

ASA II-III patients 

undergoing elective 

aortic surgery requir-

ing infrarenal aortic 

cross-clamping 

+ 

Preservation of renal 

function in patients un-

dergoing elective infrare-

nal aortic cross-clamping 

P ˂ 0.01 (CrCl) 

P ˂ 0.01 (Cr 

concentration) 

Halpenny M 

[35] 
2001 31 

Double-blind 

RCT 

Continuous infusion 

of 0.1 µg/Kg/min for a 

24-h period 

Patients undergoing 

elective CPB 
+ 

Renal and splanchnic 

effects of FM in patients 

undergoing coronary 

artery bypass grafting 

P<0.01 

Oliver WC 
Jr [36] 

2006 60 
Double-blind 

RCT 
0.05 �g/Kg/min 

Patients undergoing 

abdominal aortic 

surgery 
Null 

Renal protective ability of 

FM (by assessing 3-24-

72h CrCl) 

P=0.675 (3h 
CrCl) 

P=0.86 (24h 

CrCl) 

P=0.175(72h 

CrCl) 

(Table 1) Contd…. 
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A) Fenoldopam Mesylate and PO-AKI 

References Year 
No. 

Patients 

Type of 

Study 
FM Dose Type of Patients 

Effects of  

FM 
Primary Outcome 

P value for  

Primary  

End-point 

Della Rocca 

G [37] 
2004 43 

RCT non 

blinded, FM 

vs. Dopamine 
(2 µg/Kg/min) 

0.1 �g/Kg/min 
Patients undergoing 

liver transplantation 
+ 

Incidence of intraopera-

tive and postoperative 

renal failure and/or dys-

function in patients un-

dergoing liver transplan-

tation comparing FM to 
small-dose dopamine. 

P=0.004 (median 

Cr preop. vs. 
postop.) FM vs. 
dopamine; BUN 

P=0.0001 (me-

dian BUN preop. 
vs. postop.) 

FM patients 

fewer required 

furosemide 

compared with 

dopamine pa-
tients p=0.003 

McCune TR 

[38] 
2005 20 

Prospective 

RCT vs. 
Placebo 

0.1 µg/Kg/min for  

48-h postoperatively 

Recipient over the age 

of 18 who would be 

receiving a deceased 

donor allograft with at 

least 12 h of cold 

ischemia time 

Null 

Evaluation of the effect 

FM on the renal function 

of patients receiving an 

allograft with at least 12 h 
of cold ischemia time. 

P= 0.96 (sCr 7 

days) 

P= 0.21 (sCr 14 

days) 

P= 0.12 (sCr 30 

days) 

Ranucci M 

[40] 
2004 108 

Multicenter 

CT 
0.08 �g/Kg/min 

Patients at high risk 

of AKI undergoing 

CPB 

+ Incidence of RRT-AKI P=0.028 

Roasio A 

[39] 
2008 92 

Case-matched 

study 

Continuous 48-h 

infusion of FM, 0.1 

�g/Kg/min 

Patients with acute 

renal injury after 

cardiac surgery 

+ 

Reduction of the need for 

RRT in high risk patients 

undergoing cardiac sur-
gery 

P=0.037 

Bove T [43] 2014 667 

RCT, multi-

center, dou-
ble-blind 

0.1 �g/Kg/min (range, 

0.025-0.3 �g/Kg/min) 

for days 

Patients with AKI 

(cardiac-surgery 
patients) 

Null/ 

increased 

risk for 
hypotension 

Rate of RRT P=0.47 

B) Fenoldopam Mesylate and CI-AKI 

Kini AS [46] 2002 260 
Retrospective 

study 

0.1 �g/Kg/min  

15-20 min before and 

6 h after the procedure 

Patients with CKD 

[baseline serum 

creatinine >1.5mg/ 

dL] undergoing PCI 

+ 

Evaluation of incidence 

and predictors of CIN 

after PCI with use of FM 

in high-risk patients. 

p=NS for 

creatinine in-

creased after PCI 

procedure 

Kini AS [45] 2002 150 

Retrospective 

case-control 

study 

0.1 �g/Kg/min  

15-20 min before and 
6 h after the procedure 

Patients with CKD 

[baseline serum 

creatinine >1.5mg/ 
dL] undergoing PCI 

+ 

Role of FM in the preven-

tion of CIN during PCI 

(especially in diabetics) 

P ˂ 0.001 

Madyoon H 

[47] 
2001 46 

Retrospective 

case-control 
study 

0.1 �g/Kg/min 2h 

before and �4 h after 

the procedure 

Patients with CKD 

[serum creatinine � 

1.5mg/dL if diabetic 

and �1.7 mg/dL if non 

diabetic] 

+ 

Evaluation of FM as a 

prophylactic strategy for 
CIN 

CIN in 13% of 

patients treated 

with FM respect 

to 38% (expected 

value) 

Briguori C 

[52] 
2004 192 

RCT not 

blinded 

0.1 �g/Kg/min 1h 

before and 12 h after 
the procedure 

Patients with CKD Null Incidence of CIN P = 0.019 

Allaqaband 

S [49] 
2002 123 RCT 

0.1 �g/Kg/min 4h 

before and 4 h after 
the procedure 

CKD patients, sched-

uled for cardiovascu-
lar procedures 

Null Incidence of CIN P = 0.919 

Ng MK [51] 2006 84 RCT 

0.1 �g/Kg/min 2h 

before and 6 h after 

the procedure 

Stable CKD Null 
Mean change in serum Cr 

level after 72h 
P = 0.4 

Stone GW 
[50] 

2003 315 

Double-blind 

multicenter 

RCT 

0.05 to 0.1 �g/Kg/min 

1h before and 12 h 
after the procedure 

Patients with CKD Null Incidence of CIN P = 0.66 

(Table 1) Contd…. 
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B) Fenoldopam Mesylate and CI-AKI 

References Year 
No. 

Patients 

Type of 

Study 
FM Dose Type of Patients 

Effects of  

FM 
Primary Outcome 

P value for  

Primary  

End-point 

Tumlin JA 

[48] 
2002 45 

Double-blind 

RCT 

0.1 �g/Kg/min 1h 

before and 4 h after 

the procedure 

CKD patients under-

going contrast angi-

ography 

+ 

Change in renal plasma 

flow 1h after contrast 

infusion 

P ˂ 0.05 

C) Fenoldopam Mesylate and ICU-AKI 

Cobas M 
[57] 

2011 17 
RCT, double-

blind 

0.05 µg/Kg/min and 

after 20 min increased 

to an infusion rate of 
0.1 µg/Kg/min 

Critically ill patients 

with impaired renal 

function 
+ 

Low-dose FM for 24 h 

increases creatinine 

clearance in critically ill 

patients with renal insuf-
ficiency vs. placebo. 

P = 0.045 

Brienza N 

[54] 
2005 100 

RCT, multi-

center 

0.1µg/Kg/min FM 

continuous infusion 
over a 4 days period 

Critically ill patients 

with early renal 
dysfunction 

+ 

Comparison between FM 

and low-dose dopamine 
in early renal dysfunction 

P< 0.05 

Morelli A 

[55] 
2005 300 

RCT, multi-

center, dou-
ble-blind 

0.09 µg/Kg/min, 

continuous infusion 

Septic patients with 

baseline serum 

creatinine <150 

µmol/L. 

Null/+ 
Prophylactic FM for renal 

protection in sepsis 
P=0.005 

Tumlin JA 
[56] 

2005 155 
Double-blind 

RCT 

0.05 �g/Kg/min to 0.2 

�g/Kg/min 
Intensive care unit Null 

Incidence of need of 

dialysis therapy or all-

cause mortality at 21 days 
in patients 

P=0.163 (inci-
dence of RRT) 

P=0.068 (21 

days mortality) 

RCT: randomized clinical trial; GFR: glomerular filtration rate; CPB: cardio-pulmonary bypass; ASA: American society of anesthesiology classifications; FM: Fenoldopam mesylate; 

CrCl: creatinine clearance; RRT: renal replacement therapy; CKD: chronic kidney disease; BUN: blood urea nitrogen; PCI: percutaneous coronary intervention; CIN: contrast induced 

nephropathy. 

 

 All dopamine receptors belong to the family of G-protein 
coupled receptors [6]. FM does not exert any effects on the 
dopaminergic receptors of the DA-2 family, nor on α1 and β 
adrenergic receptors [7]. Moreover, FM does not cross the 
blood-brain barrier and thus does not exert any actions on the 
central nervous system.  

 The different therapeutic effects of FM and Dopamine 
are related to their receptor selectivity and density. The first 
one is selective for DA-1 receptors, and the second one acts 
on α1 and β adrenergic receptors, DA-1 and DA-2 receptors 
(Fig. 1). Moreover, dopamine has diverse effects according 
to its dosage. In the low-dose range (2-5 μg/Kg/min), so-
called “renal dose”, dopamine mainly activates DA-1 and 
DA-2 receptors. At intermediate dosage (5-10 μg/Kg/min), it 
activates β-1 adrenergic receptors, while at high dosage (10-
50 μg/Kg/min), α-adrenergic receptors are also activated 

1
. 

Furthermore, in the past, low-dose dopamine (LDD) (2 μg 
/Kg/min) was thought to have a kidney-protective role. Suc-
cessive clinical studies failed to demonstrate that LDD pro-
tects the kidney of critically ill patients from AKI [8-11]. 
Therefore, FM currently remains the only drug with a “renal 
dose” that could induce vasodilation with a potential kidney-
protective action, without systemic effects. 

2. MECHANISM OF ACTION 

 Although FM can be administered orally or intrave-
nously, the preferred route of administration is the latter, 
since the bioavailability of the drug after oral administration 
is reduced and influenced by food intake [12]. The drug can 
be infused intravenously at a dosage between 0.01-1.6 
μg/Kg/min, reaching a steady state concentration propor-

tional to the infusion rate. The half-life of FM is approxi-
mately 5 minutes and the steady-state is reached after a time 
equal to four half-lives of the drug (about 20 minutes) [13]. 
The volume of distribution (VD) of FM at steady-state varies 
according to its dosage (for dosages of 0.025 μg/Kg/min and 
0.5 μg/Kg/min, VD increases from 0.23 L/Kg to 0.67 L/Kg 
respectively), as well as based on the enantiomer considered. 
In fact, the R-enantiomer has a steady-state distribution vol-
ume of 0.7 L/Kg compared to the S-enantiomer, which is 
inactive. 

 Once in the bloodstream, 88% of FM is bound to plasma 
proteins [12] and is metabolized in the liver by phase II reac-
tions, without the intervention of cytochrome P-450 en-
zymes. Lastly, 10% of the drug is eliminated in the feces and 
90% in the urine, of which 4% is excreted unchanged [13]. 

 The mode of action of FM is that it interacts with periph-
eral DA-1-like dopaminergic receptors, resulting in the acti-
vation of adenylyl cyclase, which leads to a consequent in-
crease in intracellular cyclic adenosine monophosphate (c-
AMP) that in turn induces smooth muscle relaxation [14]. 
Within the kidney, the increase in c-AMP causes a modula-
tion of the ionic channels with consequent diuretic and natri-
uretic effects. Activation of DA-1 receptors localized in renal 
tubular cells decreases sodium transport by c-AMP-
dependent and independent mechanisms. The increase of  
c-AMP inhibits the sodium-hydrogen exchanger and the 
Na+/K+-ATPase pump [15-17]. Natriuresis is caused by an 
increase in hydrostatic pressure in the peritubular capillaries 
and a reduction in oncotic pressure, thereby inducing a de-
creased reabsorption of sodium by the proximal tubular cells 
[18]. 
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Fig. (1). Actions of dopamine agonists (Dopamine and FM).  

+++ = strong action; ++ = moderate action; + = minimal action; - = no action. 

 

 Further actions of FM include: 

• Vasodilatation of splanchnic and coronary vascula-
ture; 

• A slight increase in cardiac ejection fraction in se-
verely hypertensive patients, associated with a mod-
est increase in heart rate; 

• Reduction in the amplitude of T waves, up to an in-
version of these same waves, observable on electro-
cardiographic recordings; 

• A slight increase in renin secretion and possible en-
hancement of norepinephrine levels. 

 Regarding its most important adverse effects, FM may 

lead to the possible onset of severe hypotension, tachycardia, 

flushing, headache, and nausea. FM is contraindicated in 

patients with sodium bisulfite hypersensitivity because the 

commercial formulations of the drug contain sodium bisul-

fite as an excipient, which may trigger potentially life-

threatening anaphylactoid reactions. It is also contraindicated 

in patients receiving monoamine oxidase (MAO) inhibitors, 

and in patients with ocular hypertension or glaucoma since 

FM is able to increase intra-ocular pressure by decreasing 
aqueous humor drainage [19]. 

 The current therapeutic indications are: a) the presence of 

a hypertensive emergency requiring a rapid control of blood 

pressure in adult or pediatric patients, and b) management of 
perioperative hypertension. 

 In adult patients, the initial dosage of FM is between 

0.03-0.1 μg/Kg/min (in order to reduce the possible appear-

ance of reflex tachycardia) which can be increased by 0.1 

μg/Kg/min up to a dose of 1.6 μg/Kg/min (maximum dosage 

administered in clinical trials). In pediatric patients, the rec-

ommended starting dose is 0.2 μg/Kg/min, with a maximum 
effect obtained at a dose of 0.8 μg/Kg/min.  

 Higher doses do not seem to result in a further reduction 
of blood pressure values in the face of an increase in heart 
rate. 

3. FENOLDOPAM MESYLATE AND THE KIDNEY 

 AKI is a term that is currently used to define an abrupt 
decrease in kidney function (within hours), characterized by 
both kidney injury (structural damage) and impairment (loss 
of function), which has substituted the previous term of acute 
renal failure (ARF) [20]. 

 AKI is a clinical syndrome that can vary in severity and 
etiology, which can be divided into three main forms: pre-
renal, intrinsic, and post-renal. Pre-renal AKI is linked to a 
renal perfusion deficit responsible for a reversible ARF (as-
sociated with functional damage), which - if left untreated - 
may evolve into an intrinsic renal injury (involving structural 
damage that can affect all the structures of the kidney) that is 
no longer immediately reversible. Post-renal AKI is less fre-
quent and is linked to an obstruction along the renal excre-
tory pathways that hinders normal urine outflow.  

 Among the types of AKI that present pre-renal and in-
trinsic damage, we can consider three sub-types for which 
today there is still no universally accepted therapeutic strat-
egy and for which FM has been considered a prophylactic 
and therapeutic agent. These three sub-types are: post-
operative acute kidney injury (PO-AKI), contrast-induced 
acute kidney injury (CI-AKI) and intensive care unit acute 
kidney injury (ICU-AKI). The rationale for the use of FM in 
these three forms of AKI resides in the drug’s renal vasodila-

Dopamine FenoldopamAction

DA-1Vasodilation

DA-2Vasodilation

α Vasocostriction

β1 Inotropism, 

cronotropism

β2 Vasodilation

+ + ++ + +

+ + + -

-

-

-

+ + +

+

+ + 
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tor actions in both non-nephropathic and chronic kidney dis-
ease (CKD) patients [21]. 

 All three of these AKI sub-types are characterized by 
different degrees of renal blood perfusion deficits. In PO-
AKI, the pathogenesis of the renal damage is related to the 
reduction in mean arterial pressure that occurs during surgi-
cal procedures. The mechanisms of renal auto-regulation 
cannot counterbalance a severe drop in blood pressure below 
a certain threshold, which leads to the development of 
ischemic-hypoxic renal injury. The types of surgical inter-
ventions most closely associated with PO-AKI are major 
surgical interventions such as cardiac surgery, vascular sur-
gery, and thoracic surgery [22, 23]. In CI-AKI, a double kid-
ney damage mechanism is observed: firstly, iodinated con-
trast media (CM) can lead to the formation of reactive oxy-
gen species (ROS), which cause direct toxic renal damage to 
tubular epithelial cells and secondly, release of ROS results 
in vessel vasoconstriction leading to hypoxic-ischemic renal 
damage [24]. Lastly, ICU-AKI has a multifactorial patho-
genic mechanism, which in the majority of cases is due to 
the use of nephrotoxic substances and above all due to a 
condition of renal ischemia linked to general anesthesia, the 
use of CM, and the presence of heart failure and sepsis (the 
last of which being the main causes of ICU-AKI) [25]. 

4. POSSIBLE USE OF FENOLDOPAM MESYLATE 

AS A PROPHYLACTIC DRUG FOR PO-AKI 

 Many studies have examined FM as a possible therapeu-
tic agent capable of preventing the onset of PO-AKI, the first 
dating back to 2001 [26-40]. The two most recent meta-
analyses include the ones conducted by Zangrillo et al. 
(2012) [41] and Gilles et al. (2015) [42]. While Zangrillo  
et al. only examined patients undergoing cardiac surgery; 
Gilles et al. examined patients undergoing a greater variety 
of surgeries. Both meta-analyses evaluated only randomized 
placebo-controlled clinical trials. Overall, the resulting data 
is concordant: FM causes a decrease in the incidence of PO-
AKI without however reducing the need for renal replace-
ment therapy (RRT) or mortality. 

 The meta-analysis conducted by Gilles et al. contains six 
studies, in which total of 507 patients were examined. 
Among the studies analyzed, three studies involved patients 
undergoing cardiac surgery and the remaining three related 
to patients undergoing aortic surgery, transplantation, and 
partial nephrectomy. In these studies, the development of 
PO-AKI was examined in only 471 patients; hence, only five 
of the six studies evaluated were taken into consideration by 
the meta-analysis. The results were as follows: AKI occurred 
in 18.9% of patients treated with FM versus 26.6% of pa-
tients given the placebo (p = 0.004, OR 0.46, 95% CI: 0.27-
0.79). On the other hand, concerning the risk of RRT, the 
result comparing treated versus untreated patients (p = 0.11, 
OR 0.27, 95% CI: 0.06-1.19) was not statistically significant. 
Likewise, concerning in-hospital mortality, no significant 
differences were found between the two groups (p = 0.60, 
OR 1.0, 95% CI: 0.14-7.37). 

 Zangrillo et al. reported similar results. In their meta-
analysis, they considered six randomized placebo-controlled 
clinical trials conducted on patients undergoing cardiac sur-
gery. The results of this meta-analysis were comparable to 

those obtained by Gilles and co-workers; there was a reduc-
tion in the risk of developing AKI in patients who were 
given FM. In particular, AKI was observed in 9.4% (19/202) 
of patients treated with FM versus 19.8% (41/207) of pa-
tients in the placebo group (OR = 0.41, 95% CI: 0.23-0.74). 
As observed in the previous study, a reduction in the risk of 
RRT was not observed: 3.8% (7/183) in the group treated 
with FM versus 6.9% (13/188) in the placebo group (OR = 
0.67, 95% CI: 0.10-4.48). Moreover, the authors did not 
demonstrate a significant reduction of intra-hospital mortal-
ity: 5.4% (11/204) in the group treated with FM versus 4.8% 
(10/207) in the placebo group (OR = 1.12, 95% CI: 0.46-
2.72). 

 Collectively, these two studies suggest that preventive 
administration of FM in the pre-operative period is able to 
reduce the incidence of AKI, but not the risk of RRT or in-
tra-hospital death. 

 Although these results are promising, potential biases in 
these meta-analyses must be noted. In the studies examined, 
there were neither unequivocal criteria establishing when to 
initiate RRT, nor was a unique definition of AKI used. The 
latter is a source of bias not only affecting the PO-AKI stud-
ies, but also those on CI-AKI and ICU-AKI, since the first 
universally accepted definitions of AKI date back to 2004 
(AKIN) and 2007 (RIFLE), with the most updated definition 
accepted by the international scientific community in 2012 
(K-DIGO-AKI). Furthermore, the studies analyzed included 
only three types of surgeries, and it is not clear whether these 
results can be extended to other branches of surgery. Lastly, 
all the studies were underpowered, making conclusive inter-
pretations on the use of FM in AKI, RRT or intra-hospital 
death challenging.  

 Further studies should also investigate in detail the dose 
of the drug to be administered and the duration of its admini-
stration. Although according to a meta-regression performed 
by Zangrillo and collaborators, neither the dose of the drug 
(p for regression coefficient = 0.7) nor the duration of its 
administration (p for regression coefficient = 0.4) are related 
to PO-AKI, on the contrary it is a common opinion among 
experts that the optimal dose and duration of therapy must 
still be precisely defined. 

 Recently, a multicenter randomized clinical trial was 
conducted by Bove et al. [43] on the largest post-surgical 
population treated with FM. The aim of this study was to 
evaluate the efficacy of FM in reducing the risk of RRT and 
intra-hospital mortality in 667 individuals with PO-AKI de-
veloped following cardiac surgery. However, the results ob-
tained were not positive: FM did not lead to a reduction in 
the risk of RRT or intra-hospital mortality, but only to an 
increased risk of arterial hypotension compared to placebo, 
which forced the study to end prematurely. This study also 
presented several limitations potentially able to influence the 
results. Firstly, only 667 patients out of 1000 completed the 
study, decreasing its statistical power; secondly, the enrolled 
patients presented severely compromised general conditions 
(> 50% had New York Heart Association class III-IV heart 
failure); lastly, definite criteria to initiate RRT had not been 
previously established. Nevertheless, it should be noted that 
these results are not in conflict with those derived from the 
aforementioned meta-analyses. In fact, Bove’s study did not 
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investigate the possible prophylactic role of FM in the devel-
opment of PO-AKI but only the hypothetical role played by 
FM in reducing the risk of RRT and intra-hospital mortality 
once a condition of PO-AKI has already been manifested. 
This only reinforces the hypothesis that FM is an effective 
drug when used preventively (before hemodynamic damage 
to the kidney occurs) but is ineffective when administered 
for therapeutic purposes (after the damage has taken place). 

 In conclusion, FM is still today one of the most promis-
ing drugs in the prevention of PO-AKI and further random-
ized controlled clinical trials are necessary to confirm the 
positive data deduced from the meta-analyses conducted by 
Gilles and Zangrillo. 

5. FENOLDOPAM MESYLATE IN THE PROPHY-

LAXIS OF CI-AKI 

 FM was first studied in 1999 as a possible agent to pre-
vent contrast-induced nephropathy (CIN) by Professor 
George Bakris at the University of Chicago, who tried to 
corroborate the hypothesis that stimulation of DA-1 recep-
tors was able to prevent the decrease in renal blood flow 
(RBF) and glomerular filtration rate (GFR), which are ob-
served following the administration of iodinated CM [44]. 
This hypothesis was tested in six laboratory dogs, to which 
iodinated CM was administered simultaneously with the 
infusion of FM at a dose of 0.1 μg/Kg/min. The results ob-
tained confirmed the hypothesis that FM infusion is able to 
prevent the fall of RBF and GFR. This pilot study aroused 
the interest of the international scientific community in the 
clinical testing of FM as a prophylactic agent for CIN. The 
first human studies were published between 2001 and 2002 
[45-48] and consisted of non-randomized retrospective pilot 
clinical studies. The data obtained was decidedly positive, 
since the reduction in the risk of CIN in the examined pa-
tients turned out to be statistically significant. All patients 
enrolled in these studies were nephropathic, with serum 
creatinine values >1.5 mg/dL. In the following years up to 
2006, randomized clinical trials were conducted, to consoli-
date these preliminary results [49-52]. However, these results 
disavowed those previously obtained, since FM did not 
prove to be effective in preventing CIN. 

 Currently, there are three meta-analyses [53-55] that 
agree on the inefficacy of FM. However, some considera-
tions must be made. Firstly, various authors used different 
definitions of CI-AKI (all different from that of Kidney Dis-
ease: Improving Global Outcomes-KDIGO-AKI); secondly, 
in Stone’s study the development of hypotension (even at 
dose of FM’s 0.1 μg/Kg/min) caused drop out in 13% of the 
patients enrolled and made it necessary to reduce the dose by 
50% (0.05 µg/Kg/min) in another 13% of patients [50]. Fur-
thermore, the development of hypotension may have cer-
tainly contributed to worsening renal hemodynamics, in-
creasing the number of cases of CIN in the group treated 
with FM. This side effect can, however, be mitigated by in-
creasing patient blood volume with adequate preprocedural 
hydration.  

 Furthermore, it would be beneficial to examine the rela-
tionship between N-Acetyl Cysteine (NAC) and FM. In 
many studies, the two drugs have been compared, but they 
actually act with synergistic mechanisms. The rationale be-

hind their combined use may be better understood by focus-
ing on the pathogenetic mechanisms of CIN. The pathogene-
sis of CIN is multi-factorial. Firstly, it is correlated to the 
formation of free radicals, which reduce the synthesis of ni-
tric oxide in the vasa recta and decrease the local levels of 
prostaglandins, resulting in vasoconstriction. Secondly, CIN 
is due to the direct cellular damage on renal tubular and en-
dothelial cells, which is caused by altered mitochondrial 
membrane potential and the formation of ROS at the mito-
chondrial level, with consequent mitophagy [24]. The first 
pathogenetic mechanism induced by iodinated contrast me-
dia (CM) can be counteracted by NAC, and to a greater ex-
tent by FM, since both pharmacological agents have a vaso-
dilatory action. The vasodilatory action of FM has been 
demonstrated in both healthy individuals and patients with 
nephropathy [21, 56]. The second damaging effect of CM is 
antagonized by NAC, via scavenging of ROS that is formed 
at tubular and endothelial levels [57]. Hence, FM and NAC 
could be used in combination versus placebo, in subsequent 
randomized clinical trials.  

6. FENOLDOPAM MESYLATE AS PROPHYLAXIS 

OF ICU-AKI 

 FM has also been studied as a therapy for ICU-AKI. In 
total, four clinical trials were published from 2005 to 2008, 
studying the use of FM to prevent the progression or devel-
opment of AKI in ICU patients. The results obtained showed 
efficacy of FM in increasing creatinine clearance and in re-
ducing the serum creatinine peak, compared to placebo and 
dopamine administered at renal dose. However, the same 
positive results were not obtained concerning other renal 
outcomes, such as the need for dialytic therapy and 21-day 
mortality. 

 Brienza et al. [58] studied a population of 100 patients 
admitted to ICUs. The aim of their study was to investigate if 
FM can give greater benefit compared to dopamine infused 
at a renal dose in early renal dysfunction of critically ill pa-
tients. The authors observed a significant decrease in mean 
serum creatinine values in patients treated with FM, com-
pared to patients receiving LDD. These authors concluded 
that a continuous infusion of FM (0.1 µg/Kg/min) improves 
renal function and does not induce a significant hemody-
namic alteration with respect to LDD. This study indicated 
that it is important to administer FM promptly when the 
acute renal injury is early and severe renal failure is not es-
tablished. 

 Morelli et al. [59] studied the effect of FM versus pla-
cebo on 300 patients admitted to the ICU for sepsis. The 
selected population consisted of non-nephrophatic patients, 
but unlike the other studies, FM was given as prophylaxis 
before AKI was developed. The results obtained were a re-
duction of incidence of AKI, a small increase in serum 
creatinine values and a small decrease in GFR compared to 
placebo. However, there was no direct effect on mortality in 
ICU patients treated with FM. 

 Tumlin et al. [60] evaluated if FM infusion compared to 
placebo can cause a reduction in the need for dialysis therapy 
and/or 21-day mortality in 155 patients with acute tubular 
necrosis (ATN) admitted to the ICU. Patients were eligible if 
serum creatinine value was 50% enhanced than the levels at 
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admission within 24 hours and mean blood pressure was 
greater than 70 mm Hg. The authors observed a non-
statistically significant reduction in serum creatinine values 
in the FM treated group and the need for dialysis therapy and 
21-day mortality was not found significant. The interesting 
data from this study was the post-hoc analysis performed on 
non-diabetic patients not subjected to cardiac surgery: in this 
specific subgroup of patients, FM had shown to reduce sig-
nificantly the need of dialysis therapy and the incidence of 
21-day mortality. 

 A randomized controlled trial (RCT) versus crossover 
placebo performed by Cobas et al. [59] showed that infusion 
of FM was associated with an increase of creatinine clear-
ance in 17 patients with impaired renal function admitted in 
trauma ICU. These authors confirmed that FM is a useful 
drug in ICU patients with early renal dysfunction. 

 The final analysis, in almost all clinical studies per-
formed on FM, showed to induce a decrease in serum 
creatinine compared to placebo or LDD, with consequent 
improvement in renal function. FM is a drug that should be 
used for prophylactic and non-therapeutic purposes for ICU-
AKI. In fact, as for the other forms of AKI, the damage must 
be prevented because once triggered, FM may no longer be 
sufficient to stop its progression. 

 Although most studies lead to concordant conclusions, 
they present divergent definitions of AKI, since the current 
definition of KDIGO-AKI became only subsequently avail-
able, creating a potential source of bias.  

 Furthermore, the meta-analysis performed by Landoni et 
al. [61] examined patients with or at risk of ARF, who were 
critically ill or underwent major surgery. The authors dem-
onstrated that FM significantly reduced the risk for AKI, 
need for RRT, and in-hospital death. 

 Based on the results obtained, a RCT should be carried 
out with the following considerations:  

• The ability of FM to reduce the decrease in GFR if 
used as prophylaxis before the development of kid-
ney injury; 

• The reduction in risk of death and/or need of renal 
replacement therapy at 21-days, highlighting the use 
of FM in post hoc analysis of patients without diabe-
tes who underwent cardiothoracic surgery as re-
ported in the study by Tumlin et al. [62]. 

• The absence of a universally accepted definition of 
AKI in the previous studies (which today is present 
in the K-DIGO-AKI criteria). 

CONCLUSION 

 In conclusion, based on the results reported in the major 
clinical trials that have studied FM, this drug has shown to 
reduce the risk of developing PO-AKI and ICU-AKI. The 
analysis of these studies suggested that FM would be effec-
tive in preventing certain forms of AKI. FM should be used 
as a prophylactic and non-therapeutic agent, before organ 
damage is established. 

 Regarding the role of FM in the prophylaxis of CI-AKI, 
it is important to underline the absence of studies that com-

pare the efficacy of FM associated with NAC versus pla-
cebo. This association would lead to a synergistic effect of 
the two drugs, contrasting the formation of ROS (N-acetyl 
cysteine) and exerting positive effects on renal hemodynam-
ics (FM). Furthermore, FM is very manageable when used at 
a renal dose, and in most of the clinical trials, it is neither 
associated with significant decreases in blood pressure nor 
whit significant increases in heart rate. 

 Moreover, these potential sources of bias should be con-
sidered: 

• The absence of unequivocal criteria for the begin-
ning of the renal replacement therapy. In fact, in the 
clinical trial the need for RRT was established by 
clinician’s choice; 

• In ICU, the patients had unstable hemodynamic con-
ditions regardless of FM infusion;  

• The absence of specific data about the effectiveness 
of FM according to the stage of chronic kidney dis-
ease. In fact, in the majority of the RCTs the patients 
were selected only for creatinine value >1.5 mg/dL. 

 A brief note must be made on the cost-benefit ratio of the 
drug: undoubtedly, FM is a relatively expensive drug but is 
lower in cost than prolonged hospitalization in a hospital unit 
or even more in an ICU, once AKI has been manifested. 

LIST OF ABBREVIATIONS 

AKI = Acute Kidney Injury 

ARF = Acute Renal Failure 

ATN = Acute Tubular Necrosis  

c-AMP = Cyclic Adenosine Monophosphate 

CI-AKI = Contrast-Induced Acute Kidney Injury 

CIN = Contrast-Induced Nephropathy  

CKD = Chronic Kidney Disease 

DA-1 = Dopamine 1 Like  

DA-2 = Dopamine 2 Like  

FM = Fenoldopam Mesylate 

GFR = Glomerular Filtration Rate  

ICU-AKI = Intensive-Care Unit Acute Kidney Injury 

KDIGO-AKI = Kidney Disease Improving Global Out-
comes-Acute Kidney Injury 

LDD = Low Dose Dopamine 

MAO = Monoamine Oxidase 

NAC = N-Acetyl Cysteine 

NYHA = New York Heart Association 

PO-AKI = Post-Operative Acute Kidney Injury 

RBF = Renal Blood Flow 

RCT = Randomized Controlled Trial 

ROS = Reactive Oxygen Species 
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RRT = Renal Replacement Therapy 

VD = Volume of Distribution 
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