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Hydration Protocols to Reduce the Incidence of Contrast-Induced
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1) Define contrast-induced nephropathy (CIN);

2) Describe patients who are at high risk for CIN and explain what fac-
tors lead to that risk;

3) Summarize the clinical trial data involving hydration protocols for
patients at risk for CIN;

4) Develop treatment strategies to prevent contrast induced
nephropathy;

5) Implement a treatment algorithm for patients at low, moderate and
high risk for CIN before, during and post procedure.
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Contrast-Induced Nephropathy: Definition and
Prognostic Implications

The iodine containing agents create high-contrast images,
and are widely used for diagnostic and therapeutic cardiovas-
cular procedures. Between 1979 and 2002, there was an
almost four-fold increase in the number of cardiac catheteri-
zations and percutaneous coronary interventions (PCI) in the
United States.' Likewise, within the last decade, a three-fold
increase in coronary angiograms and five-fold increase in PCI
was documented in Europe.?

Despite continuing efforts to improve the properties of
contrast media, they continue to cause serious toxic effects on
renal structures resulting in a condition known as contrast-
induced nephropathy (CIN). The definition of CIN is based
on three essential components including absolute or relative
increase in serum creatinine (SCr) compared to the baseline
values, a temporal relationship between the rise in SCr and
exposure to a contrast agent, and ruling out alternative major
insults potentially responsible for renal impairment. The most
common definition of CIN today is an increase of 25% or
more, or an absolute increase of 0.5 mg/dl or more, in SCr from
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baseline value, at 48 to 72 hours following the exposure to con-
trast medium. In approximately 80% of CIN cases SCr rises
within the first 24 hours post contrast medium exposure.*
Patients with less than 0.5 mg/dl rise in SCr within first 24 hours
are unlikely to have any clinically meaningful form of CIN.!
Rising SCr typically peaks 3—5 days after contrast administra-
tion and returns to baseline or near baseline within 1-3 weeks.’

The prognostic importance of CIN is difficult to overem-
phasize. It is responsible for approximately one tenth of cases
of hospital acquired renal insufficiency, and is the third most
common cause of renal failure after impaired renal perfusion
and the use of nephrotoxic medications.®” Moreover, CIN
considerably contributes to in-hospital and long-term morbidi-
ty and mortality, as well as health care costs.*’

Given the ever expanding use of contrast media-based
imaging techniques along with an aging population and
increasing procedural complexity, CIN remains a serious con-
cern for interventional cardiologists. Hitherto, no strategies
have been shown to be effective to prevent CIN beyond thor-
ough patient selection, minimizing amount of contrast agents
and meticulous hydration. In our review we discuss the risk
factors of CIN and further focus on the hydration regimens
and other preventive measures to minimize renal damage in
patients undergoing contrast media exposure.

Defining High-Risk Patient Population for
Contrast-Induced Nephropathy

The incidence of CIN in patients receiving contrast agents
varies markedly (from < 1% to > 50%), depending on the def-
inition used and the presence of well-characterized risk factors
which are summarized in Table 1. Preexisting renal disease
with elevated level of SCr is the most crucial risk factor in the
development of CIN. Its rates in patients with underlying
renal disorder are extremely high, ranging from 14.8 to more
than 50%.°"" In one series, despite careful preprocedure
hydration, CIN occurred in one third of 439 consecutive
patients with baseline SCr 2 1.8mg/dl who underwent PCL."
The higher the baseline SCr value, the greater is the risk of
CIN. As shown in one study on 222 patients, if baseline SCr
level is < 1.2 mg/dl, the risk of CIN was only 2%." In
patients with values of SCr in the range of 1.4-1.9 mg/dl, the
risk of CIN compared with the previous group increased five-
fold (10.4%). As for patients with baseline SCr level 2 2.0
mg/dl, more than half of them (62%) subsequently developed
CIN. Similarly, in another study on 115 patients with preex-
istent renal insufficiency (baseline SCr > 1.4 mg/dl), CIN
occurred in 4.4% of patients with SCr < 2.0 mg/dl, but
42.9% of patients with creatinine > 4.0 mg/dl."

However, one should not rely solely on baseline SCr to iden-
tify patients at risk for CIN. Creatinine production decreases
with age, and hence a normal SCr in an elderly patient generally
correlates with at least moderate decrease in renal function. Esti-
mation of either creatinine clearance or glomerular filtration rate
(eGFR) using Cockcroft-Gault formula or Modification of Diet
in Renal Disease (MDRD) equation, respectively, should there-
fore be performed to reliably evaluate renal function.!*”” Patients

528

Table 1. Risk factors for the development of contrast-induced
nephropathy.

Fixed (non-modifiable) Modifiable Risk Factors

Risk Factors

Older age

Preexisting renal failure
Diabetes mellitus
Advanced CHF Low serum albumin level (< 35g/1)
Low LVEF Use of nephrotoxic antibiotics
Acute myocardial infarction | Use of furosemide

Cardiogenic shock Use of NSAIDs

Renal transplant Anemia and procedural blood loss

Volume of contrast media
Hemodynamic instability
Dehydration

CHF = congestive heart failure; LVEF = left ventricular ejection fraction;
NSAID = non-steroidal anti-inflammatory drug

with estimated creatinine clearance of < 60 ml/min or eGFR
of < 60 ml/min/1.73 m?* corresponding to loss of the half of

nephrons are at increased risk for the development of CIN.

Diabetes Mellitus

Incidence of CIN in diabetic population varies and
depends primarily on renal function. In diabetics with pre-
served renal function and the absence of other risk factors, the
rates of CIN are usually comparable to those of healthy popu-
lation,'" while clinically important CIN including acute renal
failure requiring dialysis usually occurs in subsets of diabetics
with underlying renal insufficiency.”" In one PCI series on
1,575 consecutive patients with diabetes mellitus, CIN was
observed in 15.1% of patients with preserved renal function
as opposed to 27.4% of patients with preexisting renal insuffi-
ciency (p < 0.0001), and dialysis was required in 0.1% and
3.1% of the patients, respectively (p < 0.0001)." In another
selective series on a total of 59 patients with insulin-depen-
dent diabetes mellitus and severely impaired renal function
(mean baseline SCr 5.9 mg/dl), CIN developed in 50% of the
patients, and 13.6% of patients required dialysis.”

Volume of Contrast Media

The correlation between the amount of contrast and the risk
of CIN has been strongly documented. According to McCul-
lough et al, the risk of CIN is minimal in patients receiving less
than 100 ml of contrast."® However, in at-risk patients even lower
doses of contrast can induce permanent renal failure and the need
for dialysis.*** In our study on diabetic population, CIN devel-
oped in approximately every fifth, fourth, and second patient
who received 200—400 ml, 400 to 600 ml, and > 600 ml of con-
trast, respectively.® Another study established a strong relation-
ship between a weight- and creatinine-adjusted maximal
radiographic contrast dose and risk of dialysis.””

Minimization of contrast media amount is the key element in
prevention of renal function impairment in patents undergoing
cardiovascular interventions. The principle of ALARA — “as low
as reasonably achievable” — traditionally applicable to radiation
exposure during the procedure is no less critical with regard to

The Journal of Invasive Cardiology



CIN (%)

527-538_JIC10_Mehran_Revsd.gxd:Layout 1 9/29/08 11:43 AM Page 529—@

Figure 1. Risk of contrast-
induced  nephropathy
(CIN) in relation to base-
line hematocrit (Hct) and
estimated glomerular filtra-
tion rate (eGFR).
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the volume of contrast media, especially in patients at risk for
CIN. Left ventriculography should be avoided in such patients to
further reduce the contrast load because this information may be
achieved by noninvasive studies. In a non-emergent setting, in
patients with moderate/severe renal impairment, it is reasonable
to stage diagnostic angiogram and PCI to prevent excessive
contrast load. Methodical data analysis on the volume of
administered contrast agents should be one of the components
of quality of care assessment in the cardiac catheterization labo-
ratory. One study showed positive impact of behavioral modifi-
cation techniques on reducing the volume of contrast dye used
by operators during cardiac catheterization and PCL.* System-
atic verbal or written notification of operators regarding the
cases in which volume of contrast dye exceeded 300 ml yielded
a notable decrease in excessive amount of contrast media.*

Other Risk Factors for CIN

Older age, advanced congestive heart failure, diminished left
ventricle systolic performance, dehydration, hypotension, ane-
mia, the use of intra-aortic balloon pump and several drugs
(nephrotoxic antibiotics, cisplatin, cyclosporine, diuretics and
non-steroidal anti-inflammatory drugs) were also recognized as
prognostic factors of CIN.>¥

Older age is strongly associated with CIN.** By multivariable
regression analysis, patients 75 years of age or older have an
almost two-fold increase in odds of CIN compared with younger
patients.” Several anatomical and functional changes developing
in the aging kidney lead to reduced glomerular filtration rate and
renal blood flow as well as to impaired renal autoregulation.
High prevalence of serious comorbidities, reduced left ventricle
function, and anemia also contribute to higher rates of CIN in
elderly patients. In addition, older age is associated with multi-
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vessel coronary artery disease, complex coronary anatomy, and
more difficult vascular access, all resulting in greater volume of
contrast media during the procedure.

Anemia is one of the independent predictors of CIN.* Lower
baseline hematocrit increases the rates of CIN in patients with
any given eGFR level, though patients combining both low base-
line hematocrit and eGFR are at the highest risk to develop CIN
(Figure 1).” The rates of CIN also increased with incremental
decrease in hematocrit compared to the baseline value. Patients
in the lowest quintile of baseline hematocrit with absolute hemat-
ocrit drop > 5.9% had almost doubled rates of CIN compared
with patients with hematocrit change < 3.4% (38.1% vs. 18.8%,
respectively; p < 0.0001).”

Combination of Multiple Risk Factors: CIN
Risk Score

Apart from the known unfavorable combination of diabetes
and chronic renal insufficiency, the presence of two or more
other risk factors for CIN also has additive influence on rates of
CIN. In one study, CIN occurred in 1.2% of the patients with-
out risk factors, 11.2% with one risk factor (contrast volume
greater than 200 ml, serum albumin level < 35 g/1, diabetes melli-
tus, serum sodium level less than 135 mmol/l, or elevated base-
line SCr level > 133 mumol/l), and in > 20% of the patients with
two or more risk factors.”

To assess the cumulative risk of multiple variables on renal
function, several CIN risk score estimation methods have been
proposed. In the simple risk score model of CIN developed at
our institution, risk calculation is based on the sum of risk
points assigned for 8 predictors of CIN derived from the mul-
tivariable model including hypotension, intra-aortic bal-
loon pump, congestive heart failure, chronic kidney disease,
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Table 2. Summary of randomized studies assessing different hydration regimens in the prevention of contrast-induced nephropathy.

StudyReference

Solomon et al*

Study Population

Hydration Regimens

Hydration Alone vs. Hydration Plus Forced Diuresis

Patients with baseline
SCr > 1.6 mg/dl or CrCl
< 60 ml/min undergoing
cardiac angiography

(n=78)

1) 1 ml/kg/h of 0.45% saline for 12 hours pre- and
post-procedure (n = 28)

2) 1 ml/kg/h of 0.45% saline for 12 h pre- and post-
procedure + 25 g of mannitol IV 60 min before
angiography (n = 25)

3) 1 ml/kg/hour of 0.45% saline for 12 hours pre- and
post-procedure + 80 mg of furosemide IV 30 min
before angiography (n = 25)

Outcome by Primary
Endpoint

l'in SCr > 0.5 mg/dl at 48
hours was less frequent
using hydration with 0.45%
saline (11%) compared with
hydration + mannitol
(28%) or furosemide (40%)
(p = 0.02 for saline vs.
saline + furosemide)

Weisberg et al*

Patients with chronic
renal insufficiency under-
going cardiac catheteriza-

tion (n = 50)

1) 100 ml/h of 0.45% saline IV 12 hours preprocedure

2) Dopamine IV during cardiac catheterization

3) Atrial natriuretic peptide IV during cardiac
catheterization

4) Mannitol IV during cardiac catheterization

In diabetics, rates of CIN
(1in SCrof = 25% at 48
hours) were 43%, 83%, 83%
and 75%, in the saline,
dopamine, atrial natriuretic
peptide and mannitol
groups, respectively. In non-
diabetics, CIN developed in
38% of the patients in the
saline group and none of the
patients in the other groups.

Weinstein et al®

Patients with chronic
renal insufficiency under-
going angiography
(n=18)

1) 6 ml/kg of Hartman’s solution IV for 1 hour fol-
lowed by 6 ml/kg/h of D5W in 0.18% saline 1 hour
pre- and 2 hours post-procedure (mean volume:
3,000 ml)

2) Furosemide (1.5 mg/kg; mean dose 110 mg) IV 30
min prior to the injection of contrast medium

Tin SCr at 24 hours was signif-
icantly (p = 0.005) higher in
furosemide group (from 145 +
13 to 182 + 16 mumol/l) vs.
hydration group (from 141 +
6 to 142 + 7 mumol/l)

Stevens et al

(The PRINCE study)’

Mueller et al®

Merten et al*

Patients with a baseline
SCr > 1.8 mg/dl undergo-
ing elective coronary
angiography, with/ with-
out coronary angioplasty

(n=98)

1) IV 0.45% NS 150 ml/h on arrival to the catheteri-
zation laboratory and 6 h post procedure followed
by hourly adjustment in the infusion rate to match
the prior hour’s urine output (n = 55)

2) IV 0.45% NS at 150 ml/h on arrival to the catheter-
ization laboratory and 6 hours post procedure +
furosemide (1 mg/kg up to a maximum of 100 mg),
and IV dopamine (3 mcg/kg/min), on arrival to the
catheterization laboratory and continued during the
procedure. Mannitol 12.5 g in 250 ml of D5W was
infused over 2 hours if the pulmonary capillary
wedge pressure was < 20 mmHg (n = 43)

Isotonic Saline vs. Half-Isotonic Saline

Patients undergoing elec-
tive or emergency coro-
nary angioplasty
(n=1,620)

1) 0.9% NS 1 ml/kg/hour started at 8 am on the day of
elective procedures and immediately before emer-
gency procedures (n = 809)

2) Half-isotonic saline in the morning of procedure for
elective procedures and immediately before emer-
gency procedures (n = 811)

Isotonic Saline vs. Sodium Bicarbonate

Patients with SCr > 1.1
mg/dl undergoing diag-
nostic/interventional car-
diac and noncardiac
procedures (n = 137)

1) 154 mEq/l of sodium bicarbonate in D5W: IV bolus
of 3 ml/kg/h for 1 hour immediately before proce-
dure followed by infusion 1 ml/kg/hour during and

for 6 hours after the procedure (n = 69)
2) 154 mEq/l of sodium chloride in D5W (n = 68)

No statistically significant
differences in rates of CIN
defined by five different

definitions

Rates of CIN ( [in SCr >
0.5 mg/dl at 48 hours) was
significantly reduced with
isotonic vs. half-isotonic
(0.7% vs. 2.0%, respective-
ly; p = 0.04).

CIN (Tin SCrof 2 25% at
48 hours) was less frequently
in patients hydrated with
sodium bicarbonate com-
pared with patients hydrated

The Journal of Invasive Cardiology
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Table 2. Summary of randomized studies assessing different hydration regimens in the prevention of contrast-induced neohropathy.

S tudYReference

Study Population

Hydration Regimens

Isotonic Saline vs. Sodium Bicarbonate (continued)

Outcome by Primary
Endpoint

With sodium chloride
(1.7% vs. 13.6%, respec-
tively; p = 0.02).

Briguori et al
(REMEDIAL trial)*

Patients with baseline
SCr 2 2.0 mg/dl and/or
eGFR < 40 ml/min/1.73
m?) undergoing coronary
or peripheral angiography
and/or angioplasty.

(n=

326)

1) IVNS 1 ml/kg/h or 0.5 ml/kg/h for patients with
LVEF < 40% for 12 hours pre and post procedure +
NAC orally 1200 mg bid started one day pre proce-
dure (total of 2 days) (n = 111)

2) IV sodium bicarbonate according to protocol by
Merten et al* + NAC (n = 108)

3) IV NS 1 ml/kg/h (0.5 ml/kg for patients with LVEF
< 40%) for 12 hours before and 12 hours post proce-
dure + NAC + 3 g ascorbic acid IV 2 hours before
followed by 2 g twice post procedure (n = 107)

The rate of CIN (T > 25% in
SCr at 48 hrs) was the low-
est in patients who received
sodium bicarbonate + NAC
compared to patients who
received NS with NAC
alone or with ascorbic acid
(1.9% vs. 9.9% vs. 10.3%,
respectively; p = 0.019).

Ozcan et al®

Patients with baseline
SCr level > 1.2 mg/dl
undergoing coronary
angiography/angioplasty
(n=

264)

1) IV sodium bicarbonate solution for 6 hours before
and after the procedure (n = 88)

2) IV NS 1 ml/kg/h for 6 hours before and after the
procedure (n = 88)

3) IV NS 1 ml/kg/h for 6 hours before and after the
procedure + oral NAC 600 mg bid (n = 88)

CIN (T'in SCr >25% or 0.5
mg/dl at 48 hours) was
lower using sodium bicar-
bonate (4.5%) vs. sodium
chloride alone (13.6%, p =
0.036) vs. combination
group (12.5%; p = 0.059).

Brar et al
(MEENA study)®

Patients with baseline
eGFR < 60
ml/min/1.73m? undergo-
ing coronary angiography
(n=

353)

1) IV hydration with NS (n = 178)

2) IV sodium bicarbonate 3 ml/kg/h and 1 hour before
the procedure then 1.5 ml/kg/h during the
procedure and for 48 hours afterward (n = 175).

Identical rates of CIN (>
25% in GFR compared with
baseline) using sodium
bicarbonate vs. NS (13.6%
vs. 13.5%; p = 0.97) and
similar rates of dialysis
(0.0% versus 0.3%).

Masuda et al®

Patients undergoing
emergency coronary
angiography or interven-
tion (n = 59)
Intravenous versus oral
hydration

Intravenous vs. Oral Hydration

Taylor et al Patients with baseline
(PREPARED Study)” | SCr = 1.4 mg/dl undergo-
ing elective cardiac
catheterization
(n=36)

1) IV NS as a bolus of 3 ml/kg/h for 1 hour preprocedure,
followed by 1 ml/kg/h for 6 hours during and after
the procedure (n = 29)

2) IV hydration with a 154 mEq/l infusion of sodium
bicarbonate (n = 30)

1) Overnight IV hydration with 0.45% NS at 75 ml/h
for 12 hours pre- and post-procedure (n = 18)

2) Outpatient oral hydration (1,000 ml clear liquid
over 10 hours) followed by 6 hours of IV hydration
(0.45% NS at 300 ml/h) pre-contrast exposure
(n=18)

Incidence of CIN (T > 0.5
mg/dl or > 25% in SCr at

48 hours) was lower in the
sodium bicarbonate group
than in the NS group (7%
vs. 35%; p = 0.01).

No significant difference in
the maximal change in SCr
at 48 hours between the
groups that received either
oral or IV hydration (0.21
+0.38 vs. 0.12 £ 0.23
mg/dl, respectively).

Dussol et al®

Patients with baseline
CrCl 15-60 ml/min
undergoing a
radiological procedure
necessitating an [V or
intraarterial contrast
medium injection
(n=

312)

1) Oral hydration with 1 g/10 kg/day of sodium chlo-
ride for 2 days preprocedure. Sodium chloride was
given as 1-2 g capsules in 2 or 3 doses throughout
the day (n = 76)

2) IV NS 15 ml/kg for 6 hours preprocedure (n = 77)
3) IV NS 15 ml/kg for 6 hours preprocedure + 5 mg/kg
theophylline p.o. as a single dose 1 hour preproce-

dure (n = 80)

Rate of CIN ([ in the base-
line SCr > 0.5 mg/dl at 48
h) was the highest in hydra-
tion + furosemide group
(15.2%); no differences in
rates of CIN in 3 other arms
(6.6% in oral hydration
arm, 5.2% in IV hydration

Vol. 20, No. 10, October 2008
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Table 2. Summary of randomized studies assessing different hydration regimens in prevention of CIN.

StudYRe(erence

Study Population

Hydration Regimens

4) IV NS 15 ml/kg for the 6 hours preprocedure + 3
mg/kg of furosemide IV immediately post procedure
(n="179)

Outcome by Primary
Endpoint

Intravenous vs. Oral Hydration (continued)

arm and 7.5% in IV hydra-
tion + theophylline arm).

Trivedi et al®

Patients undergoing non-
emergency cardiac
catheterization (n = 53)

1) NS 1 ml/kg/h for 24 hours beginning 12 hours prior
to scheduled catheterization (n = 27)
2) Unrestricted oral fluids

Acute renal insufficiency (
in SCr > 0.5 mg/dl at 48
hours) developed less fre-

Bader et al” Patients with normal

angiographic procedure

(n=39)

procedure

Hydration Using Continuous Infusion vs. Bolus

1) IV 300 ml NS during the procedure (n = 20)
renal function undergoing | 2) IV = 2,000 ml NS within 12 hours pre- and post-

quently in patients who
received [V vs. oral hydra-
tion (3.7% vs. 34.6%,
respectively; p = 0.005).

Mean 1in eGER at 48 hours
was lower in periprocedural
hydration group vs. intrapro-
cedural hydration group
(183 +£25.0vs.34.6 + 25.7
ml/min/1.73 m?, respectively;
p <0.05). Rates of CIN (T in
eGFR of > 50% at 48 hours)
were 5.3% and 15%, respec-
tively (p < 0.05).

Krasuski et al Patients undergoing
(OTHER CAN Study)*| elective cardiac
catheterization with
baseline SCr = 1.6 to
< 3.0 mg/dl (n = 63)

(n=26)

1) IV 5% dextrose in half-normal saline at 1 ml/kg/h
starting at least 12 hours before the procedure

CIN (Tin SCr > 0.5 mg/dl
at 48 hours) developed in
10.8% of the patients in the

2) IV bolus of 250 ml of NS administered over 20 min | bolus group vs. none of the
on-call to the catheterization laboratory (n = 37)

patients in the overnight
hydration group (p = 0.13)

CHF = congestive heart failure; CIN = contrast induced nephropathy; CrCl = creatinine clearance; DSW = 5% dextrose; eGFR = estimated glomerular filtra-
tion rate; IV = intravenously; LVEF = left ventricle ejection fraction; NAC = N-acetyl-L-cysteine; NS = normal saline; SCr = serum creatinine.

diabetes, age > 75 years, anemia, and contrast volume (Figure
2).2 The rate of CIN and hemodialysis rises exponentially with
increasing risk score. The proposed CIN risk score is recom-
mended for use for both clinical and research purposes.

Contrast Agent Selection

Impact of contrast media osmolarity on incidence of CIN has
been assessed in several randomized controlled trials. As com-
pared with ionic Aigh-osmolar contrast media (HOCM), nonion-
ic low-osmolar contrast media (LOCM) are associated with
better preservation of renal function after angiography.* In a
randomized study by Taliercio et al of 307 patients with baseline
renal insufficiency (SCr 2 1.5 mg/dl), the degree of renal func-
tion deterioration was less with non-ionic LOCM iopamidol
than with ionic HOCM diatrizoate as measured by the mean of
the maximal increase in SCr (0.20 * 0.44 vs. 0.38 + 0.73
mg/dl; p < 0.0001) and the incidence of CIN (an increase in
SCr > 0.5 mg/dl) [8% vs. 19%; p < 0.01].> Likewise, in the
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Iohexol Cooperative Study, a prospective, randomized, dou-
ble-blind multicenter trial on 1,196 patients undergoing car-
diac angiography, acute nephrotoxicity (increase in SCr of 21
mg/dl 48—72 hours post procedure) was observed significantly
more frequently in patients receiving diatrizoate compared to
patients receiving LOCM iohexol (7% vs. 3%; p < 0.002).
Of note, differences in nephrotoxicity between the two con-
trast groups were confined to patients with chronic renal
insufficiency alone or combined with diabetes mellitus.*
There has been ongoing debate whether iso-osmolar contrast
medium [IOCM] iodixanol provides benefit over LOCM. In
the Nephrotoxicity in High-Risk Patients Study of Iso-Osmolar
and Low-Osmolar Non-Ionic Contrast Media (NEPHRIC),
among 129 patients with diabetes and baseline renal insufficien-
cy undergoing cardiac and aorto-femoral angiography, nonionic
iso-osmolar dimer iodixanol was associated with significantly
lower rates of CIN than the nonionic low-osmolar monomer
iohexol.?”” Similarly, in the Renal Toxicity Evaluation and
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Schema for the Assessment of CIN Risk Score

Risk Factors Integer Score

Hypotension

\
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preferable route of hydration? 4)
What is the optimal timing, vol-
ume and duration of hydration?
Table 2 summarizes data on the
main randomized controlled trials

i

IABP

I
5 . . .
SR’Sk Rg;;V of g'ls[k o_f that compared different hydration
CHE EI core ralysis protocols.
4 Oto5 7.5% 0.04% .
Age >75 years [ 4] ’ ° | Hydration Alone or
[Anemia | 3 Hydration Plus Forced
61010 140% 012% | Diuresis?
Diabetes 3 Calculate The positive effect of hydra-
: tion alone versus forced diuresis
| Contrast media volume }—{ 1 for each 100 cc?® | 11t016 26.1% 1.09% using either furosemide or manni-
tol in reducing rates of CIN was
| Serum creatinine>1.5mg/dI l——{ 4 | first established in the randomized
OR 216 57.3%  12.6% study by Solomon et al. In
eGFR (ml/min/1.732) = 2 for 40 - 60 patients with mild-to-moderate
, . . 0 .
186x(SCr)- 154 (Age) 9203 4 Tor 20 - 40, renal' 1r?sufﬁc'1ency, 0.45% saline
X(0.742 if female)x(1.210 / administration at a rate Of 1
if African American) 6 for<20 ml/kg/hour for 12 hours pre- and

Figure 2. Schema to define CIN risk score. CHF denotes congestive heart failure class III-1V by New
York Heart Association classification andfor history of pulmonary edema. eGFR denotes estimated
glomerular filtration rate. Anemia = baseline hematocrit value < 39% for men and < 36% for women.
Hypotension = systolic blood pressure < 80 mmHg for at least 1 hour requiring inotropic support with

medications or IABP within 24 hours periprocedurally.

post-procedure was more effective
in prevention of CIN than combi-
nation of 0.45% saline with man-
nitol or furosemide (10.7% vs.
28.0% vs. 40.0% respectively; p =
0.02 for the comparison with the

Comparison Between Visipaque and Hexabrix in Patients
with Renal Insufficiency Undergoing Coronary Angiography
(RECOVER) study, iodixanol was significantly less nephro-
toxic than ionic dimer LOCM ioxaglate.”* However, in the
largest prospective randomized Cardiac Angiography in Renal-
ly Impaired Patients (CARE) trial, rates of CIN, defined by
multiple endpoints, were not different after the intra-arterial
administration of LOCM iopamidol or iodixanol in patients
with moderate to severe chronic renal insufficiency.” Lastly,
in the Ionic versus Non-ionic Contrast to Obviate Worsen-
ing Nephropathy after Angioplasty in Chronic Renal Failure
Patients (ICON) study ioxaglate caused a similar degree of
renal function deterioration after intra-arterial exposure in
high-risk patients with baseline renal insufficiency undergo-
ing coronary angiography and/or PCL®

Hydration Protocols

Adequate periprocedural hydration is the basic component
in renal function preservation in patients undergoing contrast
media exposure. Hydration is aimed at repletion of intravascu-
lar volume, and is believed to attenuate renal vasoconstriction
as well as renal medullar hypoxia induced by contrast media.
Several studies evaluated efficacy of different hydration regi-
mens in reducing rates of CIN focusing on the following key
questions: 1) What fluid is most effective in decreasing inci-
dence of CIN? 2) Should hydration be performed per se or
should it be combined with forced diuresis? 3) What is the
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saline group alone).” A small ran-
domized study by Weinstein et al. also evidenced deleterious
effect of furosemide in patients with baseline renal insufficiency
as assessed by mean plasma creatinine increase post angiogra-
phy.” Furthermore, in study by Dussol et al, patients receiving
intravenous hydration with normal saline and furosemide in
dose of 3 mg/kg immediately after the procedure had almost 3-
fold increased rates of CIN compared to patients receiving
hydration alone (15.2% vs. 5.2%).? In another randomized
study by Weisberg et al, worsening of renal function was docu-
mented in patients with diabetes mellitus treated with
furosemide but not in patients without diabetes.* Finally, in
the Prevention of Radiocontrast-Induced Nephropathy Clini-
cal Evaluation (PRINCE) study of 98 patients with chronic
renal insufficiency, there were no significant differences in rates
of CIN between patients randomized to forced diuresis using
intravenous crystalloid, furosemide, mannitol, and low-dose
dopamine versus intravenous crystalloid plus matching place-
bos.> However, in a subgroup of patients with relatively high
urine flow rates (> 150 ml/hour) post procedure, CIN occurred
significantly less frequently in patients treated with forced
diuresis compared to the control group (21.6% vs. 45.9%,
respectively; p = 0.03).}

What Is the Optimal Fluid for Hydration?
Isotonic saline versus half-isotonic saline. In the random-

ized study of two hydration regimens in a total of 1,620 patients

undergoing coronary angioplasty by Mueller et al, isotonic saline
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was superior to half-isotonic saline in reducing rates of CIN
(0.7% versus 2%, respectively; p = 0.04).” In subgroup analysis,
patients that particularly benefited from isotonic hydration
included women (0.6% vs. 5.1%), patients with diabetes melli-
tus (0% vs. 5.5%) and patients receiving high (z 250 ml) vol-
umes of contrast medium (0% vs. 3.0%) (all p-values = 0.001).”

Isotonic saline vs. sodium bicarbonate. Contrast media
induced renal tubular damage is believed to result from free
radicals generated within the acid environment of the renal
medulla. It has been therefore hypothesized that renal injury
may be minimized by alkalinizing of tubular fluid by means
of reduction of the amount of pH-dependent free radicals.

Three prospective, randomized trials showed that preventive
hydration with sodium bicarbonate provide better protection
against CIN than alternative hydration regimen with/without
other prophylactic medications.”** In the single-center study by
Merten et al, 119 patients with baseline SCr levels of at least 1.1
mg/dl were randomized before exposure to iopamidol to receive a
154 mEq/! infusion of either sodium chloride (7 = 59) or sodium
bicarbonate (7 = 60, a bolus of 3 ml/kg/hour for 1 hour followed
by an infusion of 1 ml/kg/hour for the duration of the procedure
and for 6 hours post procedure).® The primary endpoint of CIN
(increase of = 25% in SCr within 2 days of contrast exposure)
occurred significantly less frequently in patients hydrated with
sodium bicarbonate compared with patients hydrated with sodi-
um chloride (1.7% vs. 13.6%, respectively; p = 0.02).%

The subsequent larger dual-center, randomized, double-
blind study by Briguori et al compared 3 different strategies for
preventing CIN in 326 patients with chronic kidney disease
(baseline SCr = 2.0 mg/dl and/or eGFR < 4 0 ml/min/1.73 m?
who underwent coronary or peripheral angiography and/or
angioplasty.” The patients were randomly assigned to prophy-
lactic administration of 0.9% saline infusion plus N-acetyl-L-
cysteine (NAC) (7 = 111), sodium bicarbonate infusion (using
the protocol proposed by Merten et al) plus NAC (z = 108),
and 0.9% saline plus ascorbic acid plus NAC (7 = 107). The
rate of CIN (increase = 25% of SCr concentration) was signifi-
cantly (p = 0.01) lower in the bicarbonate plus NAC group
(1.9%) than in the saline plus NAC group (9.9%), while the
rate of CIN was practically identical between the saline plus
NAC group and saline plus ascorbic acid plus NAC group
(9.9% vs. 10.3%; p = 1.00).7

In the randomized study by Ozcan et al. of 264 patients
with a baseline SCr level > 1.2 mg/dl assigned to one of three
prophylactic regimens (infusion of sodium bicarbonate, sodi-
um chloride, sodium chloride plus oral NAC), the incidence
of CIN was significantly lower in the sodium bicarbonate
group (4.5%) compared with sodium chloride alone (13.6%;
2 = 0.036) and tended to be lower than in the combination
group (12.5%; p = 0.059).* In the small randomized study by
Masuda et al, among 59 patients undergoing an emergency
coronary angiography or PCI, hydration with sodium bicarbon-
ate yielded lower rates of CIN compared with hydration with
normal saline (7% vs. 35%; p = 0.01), and smaller rise in SCr at
2 days post contrast exposure (from 1.31 + 0.52 to 1.31 + 0.59
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mg/dl vs. from 1.32 + 0.65 to 1.52 + 0.92 mg/dl; p = 0.01).”

However, in the largest to date randomized MEENA trial
by Brar et al. including 353 patients with baseline ¢GFR < 60
ml/min/1.73 m? and at least one risk factor for CIN (diabetes,
hypertension, history of chronic heart failure, or age older than
75 years), hydration with sodium bicarbonate provided no ben-
efit compared with hydration with 0.9% normal saline in terms
of the primary endpoint of a > 25% decrease in eGFR (13.6%
versus 13.5%; p = 0.97) or a secondary endpoint of a = 25%
increase in SCr (16.3% vs.15.4%; p = 0.82).” Rates of dialysis
(0% vs. 0.3%) and 30-day mortality (2.0% vs. 1.3%, p = 0.60)
were also close between the two groups.” Moreover, in a retro-
spective cohort analysis from Mayo Clinic, after adjustment for
several variables, use of sodium bicarbonate alone was associat-
ed with an increased risk of CIN compared with no treatment
(odds ratio 3.10; p < 0.001).”

Route of Hydration: Intravenous vs. Oral

In the small Preparation for Angiography in Renal Dysfunc-
tion (PREPARED) randomized study on 36 patients with mild-
to-moderate renal insufficiency undergoing elective cardiac
catheterization, different modes of fluid administration (intra-
venous versus oral) had similar renoprotective effect.” Likewise,
in the larger study by Dussol et al, rates of CIN were unrelated to
route of hydration among 312 patients with baseline creatinine
clearance in the range of 15-60 ml/min.” However, in the ran-
domized study by Trivedi et al, CIN developed almost ten-fold
more frequently in patients who received oral vs. intravenous

hydration (34.6% vs. 3.7%; p = 0.005).

Timing of Hydration: Continuous vs. Bolus

Two small randomized studies compared traditional continu-
ous hydration with saline for 12 hours before and after exposure
to contrast medium compared to brisk hydration with 250 to
300 ml saline bolus immediately before or during contrast media
exposure.” In the Optimal Timing of Hydration to Erase
Contrast-Associated Nephropathy (the OTHER CAN) study
by Krasuski et al, in 63 patients with moderate renal insuffi-
ciency undergoing elective cardiac catheterization, rates of
CIN tended to be higher in patients who received bolus
hydration compared with patients who received continuous
overnight hydration.” Similarly, in the study by Bader et al,
the mean decline in the GFR 48 hours post procedure was
significantly lower in group that received the continuous
hydration compared to the bolus hydration group (18.3 +
25.0 vs. 34.6 £ 25.7 ml/min/1.73 m?, respectively; p <
0.05).” The same was true with regard to the rates of CIN
(5.3% and 15%, respectively; p < 0.05),” though in one ret-
rospective PCI series using larger bolus (1000 ml of 5% dex-
trose administered through the common femoral artery
sheath 5 minutes before angiography), rates of CIN (an
increase in SCr level of = 0.5 mg/dl from baseline 24-72
hours after the procedure) were significantly lower among
144 patients who received bolus hydration compared with
832 patients who were administered standard hydration
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(1.4% vs. 5.7%, respectively; p = 0.03).>¢

Regimen of intravenous hydration used generally in random-
ized clinical trials and recommended by most authorities include
hydration at rate 1 ml/kg/hour started 12 hours prior to contrast
exposure, continued during the procedure and at 6-12 hours
post-procedure. At our institution we adopted this regimen for
patients with preserved left ventricular function, while we recom-
mend volume replacement matching urine output to maintain
euvolemic state for 12 hours pre- and post-PCI for patients with
moderately or severely reduced ejection fraction.

Renal Replacement Therapy

Several small randomized studies examined the effect of
hemodialysis immediately after exposure to contrast media in
preventing renal function deterioration in patients with advanced
chronic kidney disease and provided conflicting results. In two
studies, prophylactic hemodialysis failed to diminish the rates of
CIN"* and even increased them in one study.” However, in a
largest to date prospective, randomized study by Lee et al, pro-
phylactic hemodialysis improved renal outcomes in 82 patients
with chronic kidney disease (stable SCr concentration of > 3.5
mg/dl with a change of < 0.5 mg/dl within the last month)
undergoing coronary angiography.® In this study, patients were
randomized to receive either hydration with normal saline intra-
venously and prophylactic hemodialysis post procedure (7 = 42)
or hydration alone (n = 40). Prophylactic hemodialysis was asso-
ciated with a smaller decrease in creatinine clearance within 72
hours of contrast exposure (primary endpoint, 0.4 + 0.9
ml/min/1.73 m? vs. 2.2 * 2.8 ml/min/1.73 m% p < 0.001), a
lower level of SCr at day 4 (5.1 + 1.3 mg/dl vs. 6.3 + 2.3 mg/d];
2 =0.01), and lower rates of temporary renal replacement thera-
py (2% vs. 35%; p < 0.001).® Remarkably, 13% of control
patients, but none of the dialysis patients, required long-term
dialysis post discharge (p = 0.018).

One randomized study investigated the role of hemofiltration,
as compared with isotonic-saline hydration (started 4-8 hours
before exposure to contrast media, and continued for 18-24
hours post exposure), in preventing CIN in patients with chronic
kidney disease (SCr concentration > 2 mg/dl) undergoing coro-
nary interventions.® Among 114 consecutive patients, CIN
developed significantly less frequently in patients treated with
hemofiltration compared with patients treated with isotonic-
saline hydration (5% vs. 50%; p < 0.001).%" In addition, hemofil-
tration was associated with significantly lower rates of temporary
renal-replacement therapy (3% vs. 25%), in-hospital events (9%
vs. 52%), in-hospital mortality (2% vs. 14%) and cumulative 1-
year mortality (10% vs. 30%).°" Another randomized study by the
same authors highlighted the role of hemofiltration preceding
contrast medium exposure to obtain the full clinical benefit.> This
study assigned 92 patients with chronic kidney disease (creatinine
clearance < 30 ml/min) to three different prophylactic treatments:
intravenous hydration with isotonic saline for 12 hours before and
after contrast exposure (control group; 7 = 30), intravenous hydra-
tion for 12 hours before contrast exposure, followed by hemofil-
tration for 18-24 hours after contrast exposure (7 = 31), and
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hemofiltration performed for 6 hours before and for 18-24 hours
after contrast exposure (7 = 31).2 Patients treated with pre- and
post-procedure hemofiltration had the lowest rates of CIN (3%)
compared with patients treated with post-procedure hemofiltra-
tion only (26%) and patients who received hydration (40%) (p =
0.001). Requirement in hemodialysis was also the lowest in
patients treated with pre- and post-procedure hemofiltration
(0%, 10% and 30; p = 0.002).”

Hydration Alone or Hydration Plus Other
Modalities?

N-acetyl-L-cysteine. There has been ongoing debate as to
whether NAC, an agent with antioxidant properties, is effective
in the prevention of CIN. In the first randomized placebo-con-
trolled study of 83 patients with elevated baseline creatinine
exposed to contrast medium, prophylactic oral administration
of NAC along with hydration was superior to hydration alone
in preventing CIN.® The rates of CIN in this study were 2% in
NAC group compared with 21% in controls. Similar results
were obtained in the randomized APART trial.”?

Further studies, however, did not confirm the efficacy of NAC
in preventing CIN.“¢" In a randomized study of 183 patients,
although lacking placebo control, oral NAC plus hydration failed
to show a significant difference in CIN rates compared to hydra-
tion alone.” The benefit of NAC in this study was stadstically sig-
nificant only in patients who received a relatively small volume of
contrast (< 140 ml).* Similarly, in the largest randomized study
investigating this issue to date (487 patients), intravenous NAC
(500 mg) was ineffective in preventing CIN in patients with
impaired renal function.” In a randomized open-label Acetyl-
cysteine In Diabetes (AID) study comparing hydration alone (»
= 69) to NAC plus hydration (7 = 68) specifically in diabetic
patients undergoing elective coronary angiography, the primary
end point of mean change in SCr up to 96 hours after contrast
exposure did not differ significantly between the two groups
(0.08 £ 0.11 vs. 0.14 * 0.47 mg/dl; p = NS).* Moreover, CIN
defined as a 2 0.5 mg/dl increase in SCr was even more com-
mon in the NAC group (9.2% vs. 1.4%; p = 0.043).% Further-
more, in a prospective, open-label, randomized, controlled
trial on 91 consecutive patients with a SCr level of 1.69-4.52
mg/dL undergoing coronary procedures oral NAC, 400 mg,
thrice daily the day before and day of the procedure had no
effect on the prevention of CIN.” Finally, in a small ran-
domized study of 20 consecutive male patients undergoing
elective endovascular abdominal aortic aneurysm repair, stan-
dard intravenous fluid hydration plus NAC orally (600 mg
bid for 2 days) did not result in lower rates of CIN compared
with standard intravenous fluid hydration alone.” The results
of several meta-analyses on the use of NAC are inconsistent
due to significant heterogeneity of the included studies.” 7

There is evidence that NAC can alter SCr levels without
affecting GFR. In a study of 50 volunteers with normal renal
function who did not receive contrast medium, but received
NAC orally at a dose of 600 mg every 12 hours, for a total of
4 doses, there was a significant decrease in the mean SCr
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concentration and a significant increase in the eGFR 4 hours
after the last dose of NAC.” However, levels of cystatin C,
which is not dependent on age, gender and muscle mass, and
is considered a more reliable surrogate marker of GFR, did not
change significantly, casting serious doubt on the efficacy of
NAC in preventing CIN. In another study on 29 patients with
chronic renal insufficiency who did not receive iodinated
contrast medium, administration of NAC in doses currently
recommended for CIN prophylaxis had effect neither on
levels of SCr nor on levels of cystatin.®

Dopamine and fenoldopam. Neither dopamine nor
fenoldopam, a selective, dopamine-1 receptor agonist, showed
protective effect on renal function in patients undergoing con-
trast media exposure.®* Moreover, in patients with peripheral
vascular disease, the effect of dopamine on renal function was
found to be deleterious.®

In a double-blind, randomized, placebo-controlled pilot trial,
a combination of fenoldopam and hydration resulted in an
increase in renal plasma flow, a decrease in peak SCr level 72
hours after exposure to contrast medium, and a trend for a
decreased incidence of CIN compared with hydration alone
(21% and 41%, respectively; p = 0.14).” However, another small
study reported no efficacy with fenoldopam in preventing CIN.*
These data were further confirmed in the multicenter random-
ized CONTRAST trial on 315 patients with estimated creatinine
clearance < 60 ml/min undergoing invasive cardiac procedures;
the incidence of CIN occurred with similar rates in fenoldopam
vs. placebo groups (33.6% vs. 30.1%, respectively; p = 0.54).%

Theophylline. Theophylline, an adenosine Al-receptor
antagonist, may attenuate the decrease in renal blood flow and
GFR induced by exposure to contrast medium. In a random-
ized, placebo-controlled study, prophylactic intravenous
administration of 200 mg theophylline reduced, compared
with placebo, the incidence of CIN in patients with chronic
kidney disease (4% vs. 16%; p = 0.046).* In another random-
ized, placebo-controlled study, pre-treatment with theophylline
was accompanied by a smaller decrease in GFR, plasma ery-
thropoietin and renin and a smaller increase in urinary beta 2-
microglobulin compared with placebo.” However, 3 other
randomized studies did not show any benefit with theophylline
compared to placebo in preventing CIN.**% Two meta-analy-
ses of published studies favored theophylline/aminophylline
compared with placebo in preventing CIN.*!

Other treatment modalities. Following observations of
contrast-induced alterations in calcium metabolism and the
ability of calcium channel antagonists to relieve vasoconstric-
tion, several studies investigated the effect of calcium channel
blockers on CIN prevention. In a small (35 patients) random-
ized study, nitrendipine showed an ability to preserve GFR,
while patients treated with placebo experienced a decrease in
GFR.” However, in two other studies, the change in SCr level
did not differ significantly between groups.”*

In a randomized, double-blind, placebo-controlled trial of
ascorbic acid in 231 patients with a SCr 2 1.2 mg/dl undergo-
ing coronary angiography and/or PCI, oral administration of
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ascorbic acid, 3 g at least 2 hours before the procedure and 2 g
twice post procedure was associated with lower rates of CIN
compared with placebo (9% vs. 20%; p = 0.02).” However,
these results were not confirmed in another randomized study
that was discussed above.”

Atrial natriuretic peptide used in three different doses failed
to prevent CIN in a randomized, placebo-controlled study.”

Based on the decreased levels of prostaglandins in patients
with CIN, it was hypothesized that prophylactic administra-
tion of prostaglandin E1 may be beneficial in reducing CIN.
In the only double-blind, randomized, placebo-controlled
study assessing the effect of intravenous administration of
prostaglandin E1 in 3 different doses, patients treated with
prostaglandin E1 after exposure to contrast medium experi-
enced a significantly smaller increase in SCr independent of the
given dose compared with placebo.”

Two retrospective series analyzed the efficacy of pre-treat-
ment with statins on the development of CIN in patients
undergoing cardiac catheterization.”” The first series focused
on 1,002 patients with a baseline SCr 2 1.5 mg/dl undergoing
cardiac catheterization who did not receive statins before
admission. Compared with patients who were not pretreated
with statins prior to exposure to nonionic, low-osmolarity con-
trast (7 = 752), mean SCr post procedure and subsequent rates
of CIN were significantly lower among patients who received
pre-treatment with statins (7 = 250).” In the larger series from
the same institution focusing on baseline preprocedure and
peak postprocedure SCr values in 29,409 patients, treatment
preprocedure with statins demonstrated a lower incidence of
CIN (4.4% vs. 5.9%; p < 0.0001) and requirement for dialysis
(0.32% vs. 0.49%; p = 0.03).” After adjustments for comor-
bidities, pre-procedure statin use was an independent predictor
of freedom from CIN.”

However, in a prospective, randomized, double-blind,
placebo-controlled, two-center PROMISS trial involving 247
consecutive patients with chronic renal insufficiency (estimat-
ed creatinine clearance 60 ml/min and/or SCr 2 1.1 mg/dl)
undergoing coronary angiography, short-term high-dose
simvastatin (40 mg orally every 12 hours starting the
evening before and ending the morning after the procedure),
simvastatin-treated vs. placebo-treated patients had no sig-
nificant difference in mean peak increase in SCr 48 hours
after coronary angiography (0.002 + 0.16 vs. 0.017 + 0.23
mg/ml respectively; p = 0.56) and rates of CIN (increase in
SCr 2 25% or 2 0.5 mg/dl post procedure compared to
baseline value) (2.5% vs. 3.4%; p = 1.00).'®°

Conclusion

The best approach to prevent CIN is to identify at-risk
patients, to use the smallest amounts of contrast agents and to
provide adequate periprocedural hydration. Alternative imaging
modalities not requiring iodinated contrast should be thor-
oughly considered in high-risk patients. Repeated use of con-
trast media within short period of time (3-10 days) should be
avoided. Hypotension should be treated appropriately without
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delay, and procedural blood loss should be diminished. Unless
contraindicated, medications known to worsen renal function
should be discontinued 48 hours preprocedure. High-osmolar
contrast media should not be used in patients at-risk for CIN.
The advantage of iso-osmolar versus low-osmolar contrast media
is not proven, though patients with both chronic renal insuffi-
ciency and diabetes mellitus may benefit from iso-osmolar agents.
At the tme of this writing, intravenous hydration with normal
saline at rate 1ml/kg/hr started 12 hours prior to contrast expo-
sure, continued during the procedure and at least for 6-12 hours
post procedure is the most beneficial way of minimizing renal
damage in patients with normal left ventricle performance. Intra-
venous hydration matching urine output should be used in
patients with moderately/severely reduced ejection fraction. Bolus
hydration and oral hydration are not the equivalent alternatives
to overnight saline hydration. Given the controversy whether
hydration with sodium bicarbonate is beneficial/harmful com-
pared with hydration with sodium chloride, the use of sodium
bicarbonate can not be currently recommended to prevent
CIN. So far, no single agent has shown a consistent benefit
above and beyond hydration in preventing CIN. Study results
are mixed as to whether prophylactic oral NAC reduces the
incidence of CIN, although it is widely used given its low cost
and favorable side-effect profile. Agents that have been shown
to be ineffective or harmful, or for which data supporting rou-
tine use does not exist, include fenoldopam, theophylline,
dopamine, calcium channel-blockers, statins and atrial natri-
uretic peptide. Prophylactic hemodialysis and hemofiltration
may be considered to prevent CIN in the highest-risk cohort,
although further studies of these invasive modalities are need-
ed. Given the complex logistics coupled with the high cost of
hemofiltration, hemodialysis is a more feasible approach to
the prevention of CIN in high-risk patients with advanced
chronic kidney disease.
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