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Abstract
Background:  Contrast media  induced
nephropathy (CIN) is defined as a reduction in
renal function induced using contrast media in
radiology. Various strategies and drugs have been
applied to prevent CIN.

Aims: The aim of this study was to evaluate the
efficacy of Fenoldopam versus hydration, in
reducing the CIN incidence.

Methods: Open, non-randomized trial. Efficacy
was evaluated using renal function indicators and
NGAL.

Results: Despite the bias of the type of study
(non-randomized), the results obtained (to be
subjected to further verification), showed an
improvement in the values of creatininemia and

NGAL at 72 hours in the Fenoldopam group.

Conclusions: These preliminary data should be

supported by a larger series.
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INTRODUCTION

Contrast media induced nephropathy (CIN) is
defined as a reduction in renal function due to its
administration. This implies damage occurring
within three days of exposure and is quantified as
an increase of at least 25% in serum creatinine in
the absence of an alternative etiology (1). CIN is
the third leading cause of hospital acquired
nephropathy. CIN has a low incidence in patients
with normal renal function, from 0 to 5% (1-3)
but this increases in presence of a low renal
functional reserve. An incidence between 12 and
27% has been reported in some prospective
studies (1,2,4); in particular, in a population
affected by diabetic nephropathy undergoing
coronary angiography, the incidence of CIN was
estimated to be around 50% despite the use of low
osmolarity contrast media and adequate
hydration, requiring the use of dialysis in 15% of
affected patients (5). Moreover, in animal studies
the use of high molecular weight contrast agents
would seem to accentuate hypertension-induced
glomerulosclerosis (6).

Risk factors

The severity of pre-existing renal insufficiency is
the major risk factor for the development of CIN,
especially in the case of diabetic nephropathy
(1,4). The use of large volumes of contrast media
(CM) and repeated doses (172 hours) also play a
fundamental role in the development of this
pathology, as well as the intra-arterial use versus
the venous one. Dehydration and all conditions of

impaired renal perfusion increase the risk of CIN.

Advanced age is an important risk factor due to
impaired renal function and perfusion. The use of
NSAIDs, aminoglycosides and other nephrotoxic
substances by themselves also promote the
development of the pathology in question.

The type of contrast agent used is also important:
those with high osmolarity are undoubtedly more
toxic (3,4,7). A multicenter study demonstrates
that anionic dimers are less nephrotoxic than low
osmolarity anionic monomers (8).
Pathophysiology

Both reduction of renal perfusion and direct toxic
effects on tubular cells are implicated in the
pathophysiology of contrast agent
nephrotoxicity.

Once the contrast agent molecules have been
injected by crossing the membranes of the
capillaries, they are distributed in the
extracellular space, and vice versa, reaching a
state of equilibrium after about 2 hours. Only less
than 1% is eliminated extra renally, while the
glomeruli continuously filter these molecules. In
patients with preserved renal function, the half-
life of the contrast medium is approximately 2
hours and 98% of the injected dose is excreted
after 24 hours (9,10).

Since these molecules are not reabsorbed by the
tubules, they exert a powerful osmotic effect
which opposes the reabsorption of water and salts
attempted by the renal tubules, finally causing
natriuresis. This resembles the mechanism of
action of osmotic diuretics, and how they
stimulate Tubuloglomerular feedback (TGF).

The increase in the filtrate results in an increase
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in intratubular pressure which counteracts the
intraglomerular pressure resulting in a reduction
in the glomerular filtration fraction (GFR). The
TGF, determined in response to natriuresis,
determines the vasoconstriction of the glomerular
afferent arteriole, further reducing the GFR with
a notable increase in renal vascular resistance. In

this mechanism, endothelin and adenosine

by Neutrophil Gelatinase-Associated Lipocalin (NGAL)

peak is generally evident 3/4 days after
administration of the contrast medium. Moderate
proteinuria and oliguria may be associated. Most
patients with CIN do not develop oliguria except
those with pre-existing renal impairment.
Usually, these episodes are self-limiting in about
one or two weeks but sometimes they can develop

non-renal complications such as sepsis, bleeding

synthesized directly by the renal tubules play a and  respiratory  failure or  precipitate
fundamental role (11,12). (Figure 1) comorbidities and  significantly  increase
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Figure 1. Etiopathogenesis of CIN

Furthermore, tubular obstruction by Tamm-
Horsfall proteins could also play a role in the
development of nephropathy but there is little
evidence in this regard (9). Toxic effects on the
hand,
epithelium,

include
DNA
fragmentation and necrosis of the thin part of the

renal tubules, on the other

vacuolization of the

ascending loop of Henle of the renal medulla
(1,3). CIN is clinically characterized by a
reduction in the glomerular filtration fraction
(GFR) which is manifested by an increase in

serum creatinine and a reduction in clearance; the

Online publication ahead of print, AIMHS Vol 62, 2023

hospitalization (2). Laboratory evaluation of CIN
was based on serial determination of serum
creatinine and its clearance to estimate GFR. But
creatinine is not a reliable marker since it is both
filtered by the glomeruli and secreted (from 10 to
40%) by the tubules and its concentration can
vary according to the muscle mass, diet, age, and
sex of the patient. Blood urea nitrogen is equally
unreliable in determining GFR. Recently, new
markers have been introduced to evaluate renal
function early. Among these, NGAL (neutrophil

gelatinase-associated lipocalin) and cystatin C
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appear to be extremely promising (14). NGAL
secretion occurs in response to renal tubular
stress, anticipating the serum creatinine peak by
up to 24 h. Normal values in urine for adults are
considered 1.0-20.0 ng/ml while in serum 70-105
ng/ml. This 21 kDa protein is synthesized partly
locally by the distal nephron and partly
systemically in response to renal damage. This
molecule has a bacteriostatic and antioxidant
action, through the bond with iron ions, but it
would also seem to act as a growth factor in
regulating apoptosis; it can be detected both in the
urine (early) and in the blood. It binds to the
siderophores secreted by the bacteria, removing
them, and thus limiting their growth; but it also
binds to human siderophores limiting the
production of ROS (reactive oxygen products)
(15). In patients who developed CIN with
previous normal renal function, NGAL levels
increase already after 2 hours (urine), and after 4
hours in serum, while the creatinine peak was
revealed to be statistically significant only after
48 hours (12).

CIN prevention

Various protocols have been studied and adopted
to prevent CIN. Volume expansion and the use of
low osmolarity contrast media have proved to be
the most effective of these (1, 4, 12, 16); volume
expansion should be started 4 hours before the
procedure with 0.9% NaCl at 100 mL/h until 24

hours after the use of contrast media (16).

Hydration

Adequate peri-procedural hydration is the key
component to preserving renal function in
patients undergoing contrast medium
administration. The goal is to maintain a
sufficient intravascular volume to increase renal
perfusion, establishing an adequate diuresis
before exposure to contrast media. The protective
effect was first established by Solomon et al. in a
study of 78 patients with CRF subjected to
angiography, in which it emerged that those who
were hydrated with 0.45% saline had a lower
incidence of CIN than those who also added the
infusion of mannitol and furosemide to hydration.
There is no unanimous consensus about the
appropriate  mode of hydration (oral vs
parenteral). Some studies showed that enteral
and intravenous administration had similar
protective effects. But in a study by Trivedi
(16,17), enteral fluid administration was
associated with a 10-fold greater risk of
developing CIN versus the intravenous group. In
a study by Mueller (18) isotonic hydration was

superior in reducing CIN rates compared to

hypotonic.

In the OTHER CAN study (19), in 63 patients
undergoing percutaneous coronary
revascularization, continuous fluid

administration resulted in a lower incidence of

CIN than in the bolus hydration group. There are
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no unique standards regard the hydration of
patients undergoing contrast media. But it should
be kept in mind that certain subpopulations of
patients, such as those with impaired Ileft
ventricular function or chronic renal failure,
require cautious hydration. One of the most
common hydration regimens recommends
Iml/kg/h of saline solution 12 hours before and
after in presence of normal ventricular function,
while in those with reduced ejection fraction the
volume to be infused should maintain the
euvolemic state, balancing the diuresis in the
previous and following 12 hours.

According to the European guidelines of
myocardial revascularization, all patients with
chronic renal failure should receive hydration
with saline at least 12 before and 24 hours after
the procedure to reduce the risk of CIN and the
amount of contrast medium should not exceed 4
ml/kg (20).

Use of sodium bicarbonate

Urine alkalinization with sodium bicarbonate is
thought to reduce contrast agent-induced renal
damage by reducing pH-dependent free radicals.
However, various studies on the subject have
shown conflicting conclusions (21).

Forced diuresis

Intense hydration combined with the use of
diuretics has the aim of determining and
maintaining a high urinary excretion, allowing
the elimination of the contrast medium, and
reducing its toxic effects. The results of the

various studies are contrasting; in some the
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administration of diuretics it highlighted harmful
effects by increasing the incidence of CIN
probably, due to the increase in oxygen
consumption by the nephron using some types of
drugs (Furosemide e.g.) (16).

Pharmacological agents for the prevention of
CIN:

N-acetylcysteine

Various studies have investigated the ability of
the antioxidant containing thiol groups to prevent
the appearance of CIN. The APART trial
demonstrated a lower incidence in the group
treated with acetylcysteine versus hydration
alone (8% vs 45%) but many other studies have
not confirmed this ability, including the large
randomized study of the American Heart
Association in 2010 (22-24).

Dopamine

Decreased renal blood flow due to
vasoconstriction is an important determinant of
the development of CIN. Low-dose dopamine has
a dilatory effect on renal vessels and may have a
nephroprotective effect. However, studies have
failed to demonstrate a protective effect from the
development of CIN, and indeed dopamine use
has been related to the severity and duration of
renal damage developed (25,26).

Other Drugs and protocols

The preventive use of furosemide and mannitol is
not recommended in the guidelines; the use of
theophylline and calcium channel blockers
remains uncertain, as does the wuse of

acetylcysteine, which has been ineffective in
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some studies. Moreover, hemodialysis does not
seem to protect the residual renal function from
the action of the contrast medium (1,11,13).
Fenoldopam

Fenoldopam is a selective DAl dopamine
receptor agonist that increases renal plasma flow.
In the randomized CONTRAST trial with CKD
patients undergoing angioplasty the use of
fenoldopam failed to decrease the incidence of
CIN (33% vs 30%) while in another trial the
incidence was halved (21% vs 41%) Recently, the
use of fenoldopam has been shown to reduce the
incidence of CIN in patients with poor renal
function  reserve  undergoing  coronary
angiography (but further studies are needed to
evaluate its real efficacy (27). Fenoldopam
mesylate is a benzazepine derivative with a
potent but short agonist action at the dopamine
Al receptor and moderate affinity for o2
receptors, zero for DA2 receptors; it decreases
systemic resistance and increases renal blood
flow (28,29). Given the poor solubility in lipids,
it does not cross the blood-brain barrier and
therefore has no effects on the central nervous
system when it is infused intravenously. Infused
at a rate of 0.01-1.6 mcg/kg/min, it reaches steady
state in 20 minutes (half-life T1/2 9.8 minutes).
In plasma, 85-90% of the drug is bound to
proteins.  Elimination, predominantly renal
(90%), is not influenced by sex, race, weight, age.
Various studies have validated the use of
fenoldopam during hypertensive emergencies by
comparing it with drugs already used such as

nitroprusside, esmolol, nicardipine. Most of the

adverse effects attributed to fenoldopam are
related to the vasodilator action. These include
headache, flushing, dizziness, tachycardia, or
bradycardia  (30). Fenoldopam increases
intraocular pressure, and this has been attributed,
at least in part, to decreased agqueous humor
drainage. This effect is more pronounced in
patients with intraocular hypertension. Therefore,
fenoldopam should be used with caution in
patients with glaucoma (31). Since the discovery
of dopamine's renal actions, its use as a renal
protector in clinical circumstances that could
endanger renal function, such as vascular surgery
and shock, has become common practice, despite
the lack of solid evidence. The scientific evidence
of fenoldopam in this sense, together with
laboratory data are encouraging, although data
from clinical use are still vague. In rats, the
nephrotoxicity ~ induced by  antibiotics
(amphotericin B, cyclosporine) would seem to be
attenuated by the administration of fenoldopam.
In dogs, the use of fenoldopam may protect the
kidneys from the development of contrast-
induced nephropathy (32). In mechanically
ventilated patients with polytrauma, the use of
fenoldopam would improve renal perfusion,
natriuresis and improve the survival of patients
undergoing thoraco-abdominal aneurysm repair
(33). Inarecent clinical trial, fenoldopam appears
to increase splanchnic blood flow in patients with
septic shock (34,35).
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AIMS

Aim of this study is to evaluate the efficacy of
fenoldopam to reduce the incidence of CIN in
patients with normal/increased risk, via the
evaluation of traditional markers of renal function
(creatinine e.g.) and the dosage of NGAL, at 24
and 72 hours from exposure to the contrast media.
The prospective non-randomized study was
conducted at the University of Rome Tor
Vergata, Rome, Italy, in the period 2019-2020.

MATERIALS AND METHODS

The cohort was represented by 16 patients,
homogeneous for qualitative and demographic
characteristics (Figure 2). All patients had
diabetes mellitus; some on insulin treatment
(IDDM) and all enrolled for lower limb
angioplasty (diabetic foot); the presence of
arterial hypertension and ischemic heart disease
should also be noted. The exclusion criteria
included hemodynamic instability, heart failure
conditions, renal failure treated  with
hemodialysis and other known renal diseases
(glomerulonephritis, single kidney patients,
polycystic kidney, renal artery stenosis) (30).
Patients were adequately informed about the
study; After agreeing to take part, a consent form
was signed. All patients were over 60 years of
age, and all had plasma creatinine values greater
than 1.2mg/dl. Group A, (n8), was treated with

fenoldopam in continuous infusion 0.05
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mcg/kg/min for 24 hours, plus NaCl 0.9%
100ml/h. The infusion started 30 minutes before
the start of the radiological procedure. Group B
(n8), was treated only with 1.V hydration with
0.9% NaCl 100 ml/h. The infusion began 30
minutes before the start of the radiological
procedure and continued for 24 hours. For the
entire cohort, radiological procedural time, type,
and amount of contrast agent used were
considered. After 24 and 72 hours from the
procedure the values of creatinemia, serum
NGAL as well as blood pressure and heart rate
values were examined. Any patient-reported
adverse event or clinical complication was noted,
as well as the days of hospitalization. The entire
cohort of patients was observed to determine the
incidence of CIN (increase in serum creatinine of
25% compared to baseline), both in all cases and
in relation to age, pre-procedural creatinine
values, and to the quantity of contrast medium
used. The evaluation of the NGAL value was
obtained by peripheral venipuncture in a tube
with EDTA (lavender cap) to be then analyzed
using the Alere Triage NGAL Kkit. Since the test
kit is unable to determine NGAL values lower
than 60 ng/ml, this will be the minimum value
assigned whenever the machine measures a value
of “<60ng/ml”.
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Statistical analysis of the data obtained was
performed using Student's T-test, with a

significance threshold of p<0.05.
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make the incidence of CIN remarkable in the
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Figure 2. Demographic characteristics and risk factors in the cohort

The dosages of creatinine and NGAL showed
important differences in the two groups, although
the small number does not allow a reliable
statistical evaluation. Analyzing the data relating
to creatinine as a whole, this, in the control group,
increased at 72 hours, (the time limit for the
diagnosis of CIN), by 26% compared to the

baseline value (Graph 1).

group studied but this, in truth, is due to a patient
who reported an increase of 175%, who also died,
due to pulmonary complications in the ward a few
days later the procedure. Along with this case,
another patient showed a 25% increase; therefore,
a diagnosis of CIN could be made in 2 of the
enrolled patients, with a conceivable incidence of

25% (2/8), which has already been encountered
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in other studies. At 24h, creatinine showed an With regards to the dosage of NGAL in the
almost zero increase of 2.5%, confirming the control group (B) (Graph.3), an average increase
poor reliability of this marker in early diagnosis. of 15% was noted at 24 hours, and of 76% at 72

Creatinine control group (B)

A ¥ 56 mg/d
0 —
==(== Creatinine, CREAT. Creatinine; CREAT === CREAT. BAS
BAS, 1.7/dl 24H;1.26 mg/dl
W= CREAT 24H
CREAT 72H
Graph 1. Average creatinine values of the control group (B) at 24 and 72 hours. (p<0.05)
In the fenoldopam group (A), creatinine remained hours. The increase at 72 h reached a statistical
almost stable compared to the  baseline values, significance of p<0.05. Again, this value is forced
which were, however, lower than control group by the extremely high 471% increase in the
(Graph 2). deceased patient. However, one patient who had
Creatinine Fenoldopam group (A)
==(== Creatinine, CREAT. ini
e = Creatinine, CREAT A~ Creatinine, CREAT
BAY;-did 721,712,005
mg/dI . 24H, 1

==¢==CREAT. BAS

W==CREAT 24H

CREAT 72H

Graph 2. Average values of creatinine levels in Fenoldopam group (A)
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NGAL control group (B)
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/mi d ’
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Graph 3. Mean values of NGAL of the control group at 24 and 72 hours (*p<0.05)

only a 15% increase in creatinine showed a 287%
increase in NGAL while another whose
creatinine had increased by 12.5% showed an
increase in NGAL by 30.1%, demonstrating the

incomplete inter independence of the two

Regarding group A (fenoldopam) the dosage of
NGAL, which was also lower in baseline values
than the controls, showed an increase of 51% at
24 hours and of 26% at 72 hours, considerably
lower than in the untreated group. (Graph.4)

markers.
NGAL fenoldopam group
NGAL, NGAL 24H,
97
#= NGAL, NGAL 72H,
80.7
pe s ’== NGAL, NGAL BAS,
ng/ml 64.3
=== NGAL BAS

Graph 4. Mean values of NGAL of the group treated with fenolopam
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Graph 5. Comparison of the increases at 72h of creatinine and NGAL of the two groups studied. * p<0.05

DISCUSION

Despite the incomplete strength of the evidence
shown in the literature regarding the efficacy of
fenoldopam in the prevention of CIN, our
preliminary results obtained showed an
improvement in the values of creatininemia and
NGAL at 72 hours in group A. These preliminary
data should be supported by a larger series, which
could increase the already highlighted
significance of the decreased dosages at 72h of
creatinine and NGAL compared to the group of
control patients (B). Furthermore, the two groups
showed an almost linear trend at 24 and 72 hours,
recalling that the risk factors were almost similar

in quality and distribution. A bias was the

procedures, as it is often diluted by the operator
directly at the angiography table, making the final
calculation difficult (36). It is important to
remember that CIN is a subclinical syndrome and
as such often does not show itself in a striking
way. In fact, these differences in the dosage of the
markers highlighted between the two groups do
not have a clinical correlation but should be the
representation of a parenchymal damage that has
occurred, which in patients with sufficient
functional reserve do not turn into a clinical
equivalent. It should also be noted that in three of
the control group patients studied, NGAL showed
increases that either were not shown by the

creatinine dosage or were more evident. None of
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the patients in the fenoldopam group showed
signs of heart failure or alteration of the clinical

course attributable to adverse effects of the drug.

CONCLUSIONS

Our preliminary data showed the efficacy of
fenoldopam in peri-procedural continuous
infusion in preventing the increase in markers of
renal damage following the use of iodinated
contrast medium. Furthermore, a clinical follow-
up would be useful to highlight the medium and
long-term clinical impact. If the benefit refers
only to the laboratory panel, we should ask
ourselves whether the use of a drug as powerful
as it is expensive justifies its adoption. Moreover,
it was not always possible to evaluate the correct
hydration of the patient before and after the
radiological procedure, a practice which now has
shown the greatest efficacy in reducing the

incidence of CIN in the literature.
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