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ABSTRACT

URPOSE: Contrast-induced nephropathy is a complication of contrast medium administration during
iagnostic and interventional procedures, with important prognostic relevance. Patients with chronic
idney disease have a higher risk for contrast-induced nephropathy and poorer outcome. In patients with
hronic kidney disease, hemofiltration reduces contrast-induced nephropathy incidence and improves
ong-term survival. We assessed the mechanisms involved in the prophylactic effect of hemofiltration and
f the most effective hemofiltration protocol to prevent contrast-induced nephropathy in patients with
hronic kidney disease.
UBJECTS AND METHODS: We randomized 92 patients with chronic kidney disease (creatinine clear-
nce �30 mL/min) to three different prophylactic treatments: intravenous hydration with isotonic saline (1
L · kg · h for 12 hours before and after contrast exposure, control group; n � 30); intravenous hydration

or 12 hours before contrast exposure, followed by hemofiltration for 18 to 24 hours after contrast exposure
post-hemofiltration group; n � 31), and hemofiltration performed for 6 hours before and for 18 to 24 hours
fter contrast exposure (pre/post-hemofiltration group; n � 31). The incidence of contrast-induced nephropathy
�25% increase in creatinine) and the in-hospital clinical course were compared in the three groups.
ESULTS: Twelve patients (40%) in the control group, 8 patients (26%) in the post-hemofiltration group,
nd 1 patient (3%) in the pre/post-hemofiltration group experienced contrast-induced nephropathy (P �
0013); hemodialysis was required in 9 (30%), three (10%), and zero (0%) patients, respectively (P �
002). In-hospital mortality was 20%, 10%, and 0%, respectively (P � .03).
ONCLUSIONS: Hemofiltration is an effective strategy for contrast-induced nephropathy prevention in
atients with chronic kidney disease who are undergoing cardiovascular procedures. Pre-hemofiltration is
equired to obtain the full clinical benefit, suggesting that, among different mechanisms possibly involved,
igh-volume controlled hydration before contrast media exposure plays a major role. © 2006 Elsevier Inc.
ll rights reserved.

KEYWORDS: Hemofiltration; Contrast-induced nephropathy; Chronic kidney disease
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ontrast-induced nephropathy, defined as an absolute or
elative increase in serum creatinine concentration (Cr)
ccurring 48 to 72 hours after contrast media adminis-
ration, is a possible complication of diagnostic imaging
nd interventional procedures.1-3 The clinical relevance
f contrast-induced nephropathy derives not only from

Requests for reprints should be addressed to Giancarlo Marenzi, MD,
entro Cardiologico Monzino, Via Parea 4, 20138 Milan, Italy.
s: giancarlo.marenzi@ccfm.it

ront matter © 2006 Elsevier Inc. All rights reserved.
ed.2005.08.002
he transient or permanent kidney impairment but also
rom the associated prognostic implications. Several
tudies have reported a significantly higher in-hospital
nd long-term mortality in patients developing contrast-
nduced nephropathy after percutaneous coronary
nterventions.2-7

Most cases of contrast-induced nephropathy occur in
atients with preexisting renal insufficiency. Therefore, in
atients with chronic kidney disease a preventive renal

trategy is mandatory. Among currently available prophy-



l
c
o
p
p
v
c
c
k
i
a
p
w
c
n
o
w
c
n
i
m
d
o
w
o
k
t
t

u
i
s
t
p
i
a
n
t
k
m
n
i
p
h
i
c
t
p
a
u
t
p
i
p
o
c

o
c
p
w
d

a
b
p
m
s
p
f
t
(
i
a
o

S
P
f
w
1
t
h
h
a

156 The American Journal of Medicine, Vol 119, No 2, February 2006
actic measures, only hydration, antioxidant agents (acetyl-
ysteine, ascorbic acid), and use of low-osmolar and iso-
smolar contrast agents has been shown to provide some
rotection, reducing the incidence of contrast-induced ne-
hropathy.8-12 However, their efficacy in patients with se-
ere chronic kidney disease is still
ontroversial, and their impact on
linical outcome is completely un-
nown. Nevertheless, there is an
ncrease in the use of contrast
gents for diagnostic and thera-
eutic procedures even in patients
ith nondialysis-dependent severe

hronic kidney disease. Unfortu-
ately, these patients may have an
verall mortality rate of 30%
ithin 1 year when they undergo

oronary angiography or percuta-
eous coronary procedures.13 Thus,
n the decision-making process, the

ortality risk associated with the
iagnostic and therapeutic value
f invasive procedures should be
eighed against the poor natural
utcome of patients with chronic
idney disease whose coronary ar-
ery disease is managed conserva-
ively by medical therapy alone.14

We recently demonstrated that
se of preemptive hemofiltration
nitiated 4 to 8 hours before expo-
ure to a contrast agent and con-
inued for 18 to 24 hours after the
rocedure resulted in a significant reduction of contrast-
nduced nephropathy incidence and improved in-hospital
nd long-term outcome in patients with severe chronic kid-
ey disease undergoing percutaneous coronary interven-
ions.15 Several aspects regarding hemofiltration remain un-
nown and need to be investigated, such as the
echanism(s) involved in the prophylactic effect, the defi-

ition of patients with the best cost-benefit profile, and the
dentification of hemofiltration protocols that are easier to
erform and less time consuming. In particular, performing
emofiltration after contrast exposure only as a contrast-
nduced nephropathy preventive strategy is an attractive
oncept that offers two practical advantages. First, it allows
he extension of the implementation of hemofiltration in
atients with chronic kidney disease undergoing primary
ngioplasty for acute myocardial infarction. This is a pop-
lation at high risk for contrast-induced nephropathy, given
he large amount of contrast that may be required in com-
lex cases, the frequently associated hemodynamic instabil-
ty, and the preclusion for contrast-induced nephropathy
rophylaxis measures before contrast exposure.16 Second, it
ffers the possibility to assess, at the end of the cardiovas-

CLINICAL SIGNIF
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ular procedure, the real need for hemofiltration on the basis t
f the patient’s risk factors, procedural complications, and
ontrast volume used. Contrast load, in effect, cannot be
redicted in a significant proportion of cases, given the
idespread use in recent years of ad hoc coronary proce-
ures among patients undergoing initial coronary angiogra-

phy. In this context, the capability
of performing hemofiltration after
contrast agent administration only,
if demonstrated efficacious, may
increase the clinical applicability
of this effective contrast-induced
nephropathy preventive strategy.

We therefore conducted a pro-
spective, randomized study to
compare the incidence of contrast-
induced nephropathy in patients
with severe chronic kidney dis-
ease undergoing invasive cardio-
vascular procedures and treated
with three different prevention
protocols: hydration, hemofiltra-
tion performed before and after
contrast agent exposure, and he-
mofiltration performed only after
contrast agent administration.

METHODS

Study Population
In this study, we enrolled 92 con-
secutive patients with severe
chronic kidney disease who were
scheduled for invasive diagnostic

nd therapeutic cardiovascular procedures at our institute
etween January 1, 2002, and May 31, 2004. Included were
atients with an estimated creatinine clearance less than 30
L/min.17,18 Excluded were patients with acute coronary

yndromes, cardiogenic shock, acute renal failure, chronic
eritoneal or hemodialysis treatment, overt congestive heart
ailure, recent major bleeding, and contraindications to an-
icoagulation. A nonionic, low-osmolality contrast agent
Iopentol, Nycomed Imaging AS, Oslo, Norway) was used
n all patients. The ethical committee of our institution
pproved the protocol, and written informed consent was
btained from all patients.

tudy Protocol
atients were randomized in a 1:1:1 ratio to receive 1 of the
ollowing 3 prophylactic treatments: intravenous hydration
ith isotonic saline, performed for 12 hours before and for
2 hours after contrast agent exposure (control group); in-
ravenous hydration with isotonic saline, performed for 12
ours before contrast agent administration, followed by
emofiltration treatment for 18 to 24 hours after contrast
gent exposure (post-hemofiltration group); and hemofiltra-
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ours after contrast agent exposure (pre/post-hemofiltration
roup). Group assignment was accomplished with the use of
computer-generated randomization scheme. Patients ran-

omized to hemofiltration (post-hemofiltration and pre/post-
emofiltration groups) were admitted to the intensive care
nit for the duration of treatment; those allocated to the
ontrol group were admitted to the contiguous subintensive
are unit, followed by the same medical and nursing staff of
he former, and transferred to the intensive care unit in case
f major complications. In the pre/post-hemofiltration
roup, hemofiltration treatment was stopped during the in-
asive procedure, and the circuit was temporarily filled with
saline solution and short-circuited to exclude the patient
ithout interruption of the flow. The control group and
ost-hemofiltration group (the latter only during the pre-
emofiltration period) received a continuous intravenous
nfusion of isotonic saline at a rate of 1 mL · kg · h. The
nfusion rate was reduced to 0.5 mL · kg · h when poorly
olerated because of concomitant left ventricular dysfunc-
ion. Serum Cr was evaluated at baseline, immediately be-
ore the invasive procedure, each day for the following 3
ays, and at hospital discharge. Creatinine clearance was
alculated by applying the Cockcroft-Gault formula to the
r.18 Contrast-induced nephropathy was defined as a greater

han 25% increase in Cr from baseline.15 According to our
linical protocol, renal replacement therapy (hemofiltration
r hemodialysis) was performed in case of acute renal
ailure and prolonged (�48 hours) oligoanuria despite more
han 1 g of intravenous furosemide per 24 hours. It was
erformed earlier in the case of concomitant overt heart
ailure.19

The primary end point of the study was the incidence of
ontrast-induced nephropathy in the 3 study groups. The
econdary end point included in-hospital adverse clinical
vents.

emofiltration
emofiltration was performed according to a protocol de-

cribed previously in detail.15,19 Briefly, a double lumen
atheter was introduced into the femoral vein for blood
ithdrawal and reinfusion and connected with an extracor-
oreal circuit. Blood was driven through the circuit by
eans of a peristaltic pump (B. Braun Diapact CRRT,
irandola, Italy, or Prisma, Hospal, Mirandola, Italy) at a

ate of 100 mL/min. Isotonic replacement fluid (post-dilu-
ion hemofiltration) was set at a rate of 1000 mL/h, and was
xactly matched with the rate of ultrafiltrate production so
hat no net fluid loss resulted. A loading heparin bolus of
000 IU was administered intravenously before hemofiltra-
ion initiation and followed by a continuous heparin infu-
ion of 500 to 1000 IU/h through the inflow side of the
ircuit.

tatistical Analysis
e based calculation of the sample size on a power analysis
hat assumed an expected reduction in the absolute inci- h
ence of contrast-induced nephropathy of 30% in the 2
emofiltration groups, pooled together, compared with the
ontrol group. The inclusion of 30 patients in each group
llowed for an 80% power with an � error of 0.05. Descrip-
ive statistics are presented as the mean value � standard
eviation or frequency (%). The clinical characteristics of
he three groups were compared using analysis of variance
or continuous variables and the chi-square test for categoric
ariables. A multivariable logistic regression model was
pplied including all the potential confounding factors: age,
ender, baseline creatinine clearance, and contrast agent
olume. A P value of less than .05 was considered to
ndicate statistical significance. All calculations were com-
uted with the aid of the SAS software package (Version
.02; SAS Institute Inc, Cary, NC).

ESULTS
f the 92 patients included in the study, 30 were randomized

o the control group, 31 were randomized to the post-hemofil-
ration group, and 31 were randomized to the pre/post-hemo-
ltration group. Baseline clinical characteristics were similar in

he three groups (Table 1). By inclusion criteria, all patients
ad severe (stage 4) chronic kidney disease.16 The average Cr
alue was 3.6 � 0.8 mg/dL in the control group, 3.6 � 0.7
g/dL in the post-hemofiltration group, and 3.7 � 0.9 mg/dL

n the pre/post-hemofiltration group (P � not significant). The
verage estimated creatinine clearance was 20 � 5 mL/min, 20

4 mL/min, and 18 � 4 mL/min, respectively (P � not
ignificant). The number of additional risk factors for contrast-
nduced nephropathy, in particular diabetes mellitus and left
entricular dysfunction, was also similar among groups. Table
shows the type of procedures involving contrast agents in the
study groups.
The time course of Cr in the three treatment groups is

eported in Figure 1. In patients undergoing hemofiltration, Cr
ecreased during the treatment as a consequence of its removal
y ultrafiltration and simultaneous blood dilution by fluid re-
lacement. The Cr reduction in pre/post-hemofiltration was
reater because of the more prolonged duration of the treat-
ent compared with the post-hemofiltration group. After the

nd of the hemofiltration treatment, Cr progressively returned
oward baseline value in the pre/post-hemofiltration group. On
he contrary, it significantly increased, as an average, in the
ther 2 groups, and this increase was greater in control patients
han in hemofiltration-treated patients. At discharge (9.3 � 5
ays after the angiographic procedure; median 8 days, range
-21 days), Cr was significantly increased in the controls and
ost-hemofiltration group compared with baseline levels, with
higher value in controls. Conversely, no significant differ-

nce was observed in the pre/post-hemofiltration group be-
ween baseline and discharge values.

Only 1 patient (3%) of the pre/post-hemofiltration
roup experienced contrast-induced nephropathy after
he invasive procedure compared with 12 patients (40%)
f the control group, and 8 patients (26%) of the post-

emofiltration group (P � .0013). When contrast-induced
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ephropathy was defined as an absolute increase in base-
ine Cr of at least 0.5 mg/dL, 1 patient (3%), 14 patients
47%), and 13 patients (42%), respectively, developed
ontrast-induced nephropathy (P � .001) (Fig. 2). After
djustment for possible confounding factors (age, gender,
aseline creatinine clearance, and contrast volume), the
elative risk of contrast-induced nephropathy in the pre/
ost-hemofiltration group, compared with the control
roup, was 0.05 (95% confidence interval 0.006-0.41; P

Table 1 Baseline characteristics of the study patients

Controls
(n � 30)

Age (y) 71 � 6
Men 22 (73%)
Weight (kg) 71 � 8
Diabetes 12 (40%)
Hypertension 18 (60%)
Prior MI 8 (27%)
Prior CABG 3 (10%)
Prior PCI 2 (7%)
Prior CHF 5 (17%)
Mean LVEF (%) 47 � 10
LVEF � 40% 9 (30%)
Peripheral arterial disease 9 (30%)
Cerebral vascular disease 4 (13%)
COPD 5 (17%)
Chronic atrial fibrillation 4 (13%)
Aspirin 15 (50%)
ACE inhibitor or ARB 9 (30%)
Diuretics 17 (57%)
Indication for angiography

Stable angina 10 (33%)
Recent MI 4 (13%)
Unstable angina 9 (30%)
Other 7 (23%)

Serum creatinine (mg/dL) 3.6 � 0.8
Creatinine clearance (mL/min) 20 � 5

ACE � angiotensin-converting enzyme; ARB � angiotensin receptor
failure; COPD � chronic obstructive pulmonary disease; LVEF � left ve
coronary intervention.

Table 2 Radiocontrast procedures

Controls
(n � 30)

Post
(n �

Coronary angiography 28 (93%) 28 (
PCI 8 (27%) 9 (
Single vessel 6 (20%) 7 (
Multivessel 2 (7%) 2 (
Associated procedures 9 (30%) 10 (

Aortic angiography 3 (10%) 3 (
Peripheral angioplasty 1 (3%) 1 (
Renal angioplasty 2 (7%) 3 (
Others 3 (10%) 3 (

Contrast volume (mL) 232 � 144 237

PCI � percutaneous coronary intervention.
.0004). In the pre/post-hemofiltration group, compared
ith the post-hemofiltration group, the relative risk was
.096 (95% confidence interval 0.01-0.82; P � .026). In
he post-hemofiltration group, compared with the control
roup, the relative risk was 0.52 (95% confidence interval
.17-1.56; P � .28).

Table 3 shows the major adverse clinical events occur-
ing after the invasive cardiovascular procedure in the 3
tudy groups. Emergency hemodialysis or hemofiltration for

-hemofiltration
31)

Pre/post
hemofiltration
(n � 31) P value

8 72 � 7 .86
74%) 20 (65%) .65

9 68 � 7 .12
29%) 7 (23%) .86
68%) 23 (74%) .50
42%) 10 (32%) .44
16%) 4 (13%) .77
6%) 1 (3%) .80
29%) 6 (19%) .47

12 48 � 12 .66
39%) 8 (26%) .24
29%) 10 (32%) .96
13%) 5 (16%) .92
13%) 4 (13%) .89
10%) 2 (6%) .66
61%) 13 (42%) .31
32%) 8 (26%) .85
64%) 18 (58%) .80

26%) 9 (29%) .81
23%) 6 (19%) .64
32%) 8 (26%) .85
19%) 7 (23%) .92

0.7 3.7 � 0.9 .85
4 18 � 4 .12

; CABG � coronary artery bypass graft surgery; CHF � congestive heart
ar ejection fraction; MI � myocardial infarction; PCI � percutaneous

filtration Pre/post hemofiltration
(n � 31) P value

27 (87%) .71
9 (29%) .97
8 (26%) .86
1 (3%) .80

11 (35%) .90
4 (13%) .90
2 (6%) .78
4 (13%) .71
2 (6%) .87

223 � 131 .92
Post
(n �

72 �
23 (
73 �
9 (

21 (
13 (
5 (
2 (
9 (

46 �
12 (
9 (
4 (
4 (
3 (

19 (
10 (
20 (

8 (
7 (

10 (
6 (

3.6 �
20 �

blocker
ntricul
hemo
31)

90%)
29%)
23%)
6%)
32%)
10%)
3%)
10%)
10%)
� 122
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ontrast-induced nephropathy-related acute renal failure
as required in 9 patients (30%) in the control group, 3
atients (10%) in the post-hemofiltration group, and none in
he pre/post-hemofiltration group (P � .002). Nine patients
10%) died during the hospitalization period: six (20%) in
he control group, 3 (10%) in the post-hemofiltration group,
nd none (0%) in the pre/post-hemofiltration group (P �
03). All deaths were attributable to cardiovascular causes
cardiogenic shock in 3 patients, multiorgan failure in 3
atients, refractory heart failure in 2 patients, and cardio-
mbolic stroke in 1 patient).

ISCUSSION
he results of this study confirm our previous observation

hat prophylactic hemofiltration is effective in preventing
ontrast-induced nephropathy in patients with severe
hronic kidney disease receiving contrast media for diag-
ostic and interventional procedures.15 In addition, the
resent investigation provides further information on the
linical application of hemofiltration and the most effective
rotocol, and offers new insights into the mechanism(s)
nvolved in its beneficial effect. In this study the indication
o hemofiltration was limited to patients with severe chronic
idney disease, defined by a less than 30 mL/min value of
stimated creatinine clearance, as proposed by the National
idney Foundation.18 This represents a population at high

ardiovascular risk. Evidence now suggests that the inci-
ence of atherosclerotic vascular disease is three times
reater in patients with severe chronic kidney disease com-
ared with the general population.20 These patients combine
therogenic risk factors related to the uremic state, including
yperfibrinogemia, dyslipoproteinemia, and hyperhomo-

1

2

3

4

5
mg/dl

Baseline Pre day 1          d

C
re

at
in

in
e 

co
nc

en
tr

at
io

n

igure 1 Serum creatinine concentration at baseline, before cont
), and at hospital discharge in patients treated with hydration (con
efore and after contrast administration (pre/post-hemofiltration gr
roup � circles). *P � .0001 versus baseline; §P � .001 versus
isteinemia, with those predisposing to chronic renal failure, c
uch as diabetes mellitus, hypertension, hypercolesterol-
mia, and advanced age.21,22 In addition to severe renal
nsufficiency, most of our patients had associated important
isk factors for contrast-induced nephropathy. In such a
igh-risk population, hemofiltration was confirmed to be a
ery effective strategy. Only 3% of the patients treated with
emofiltration before and after contrast administration de-
eloped contrast-induced nephropathy, an incidence similar
o that observed in patients with normal renal function
ndergoing percutaneous coronary interventions.1,23 As pre-
iously reported, the in-hospital clinical outcome was fa-
orably influenced by hemofiltration. Although the sample

igure 2 Incidence of contrast-induced nephropathy (CIN) de-
ned as a relative (�25%; left) or an absolute (�0.5 mg/dL; right)

ncrease in baseline serum creatinine (Cr), in the control group and
n the two groups undergoing hemofiltration before and after
ontrast administration (pre/post-hemofiltration group) or after

      day 3    Discharge

p=0.13

p=0.0001
p<0.0001

*

§

dium administration (Pre), in the following 3 days (days 1, 2, and
oup � triangles) and in the two groups undergoing hemofiltration
squares) or after contrast administration only (post-hemofiltration
e.
ay 2   

rast me
trol gr
oup �
ontrast administration only (post-hemofiltration group).
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ize of our study population was not powered to detect any
ifference in mortality among the study groups, a signifi-
antly lower in-hospital mortality was observed in patients
ndergoing pre/post-hemofiltration. On the other hand, the
resent study confirms that when prophylaxis with saline
olution infusion only is carried out, as in our control group,
he incidence of contrast-induced nephropathy, as well as
he need for an emergency renal replacement therapy, is
ery high, and the clinical implications, in terms of unfa-
orable in-hospital outcome, are of major relevance. Up to
ow, when taking care of a patient with coronary artery
isease and severe chronic kidney disease, the cardiologist
ad to choose between the adverse prognosis related to a
onservative approach of the cardiovascular pathology and
he serious prognostic implication of contrast-induced ne-
hropathy associated with invasive procedures.13-15 Hemo-
ltration, by preventing contrast-induced nephropathy and

ts associated poor outcome, may extend the range of pa-
ients with severe renal disease in whom it is possible to
erform coronary procedures safely, thus shifting the bal-
nce toward the interventional approach.

The mechanisms through which hemofiltration prevents
urther renal function deterioration in patients with severe
hronic kidney disease are not fully understood. However,
ur results may help in clarifying some of them. We com-
ared 2 different hemofiltration protocols to define the rel-
tive role of pre- and post-hemofiltration treatment in pro-
ucing the observed beneficial effect. A clear advantage of
post-hemofiltration protocol is the possibility to treat pa-

ients with acute myocardial infarction and underlying
hronic kidney disease who are subjected to primary angio-
lasty, and to more appropriately define the indications for
emofiltration use in more selected patients, namely, those
ith the highest risk profile who can benefit the most.15 It
as been disappointing, however, to not observe a reduction
f the contrast-induced nephropathy rate when post-hemo-
ltration only was performed. This finding indicates that a
re-hemofiltration session is required to obtain a full clinical
enefit. Thus, the results of the present study suggest that
he potential capability of hemofiltration to remove contrast

Table 3 Postprocedural complications

Controls
(n � 30)

P
(n

Acute myocardial infarction 5 (17%) 4
Emergency CABG 0 (0%) 0
Pulmonary edema requiring MV 1 (3%) 1
Cardiogenic shock requiring IABP 1 (3%) 0
Blood transfusion 4 (13%) 6
ARF requiring RRT 9 (30%) 3

�2 clinical complications 6 (20%) 2
In-hospital mortality 6 (20%) 3

ARF � acute renal failure; CABG � coronary artery bypass graft surger
replacement therapy (hemodialysis, hemofiltration).
edia from the circulation, thus reducing the dye concen- t
ration to which the kidneys are exposed, seems to play, if
ny, a minor role.24 The lack of a significant preventive
ffect of post-hemofiltration alone is in agreement with
revious studies in which prophylactic hemodialysis or he-
odiafiltration, started during or soon after contrast media

dministration, did not result in any significant reduction in
he degree of renal function deterioration when compared
ith saline hydration alone.25-28

The need for a session of hemofiltration before contrast
gents exposure suggests that, among other possible mech-
nisms, controlled high-volume hydration plays a major
ole in kidney protection. Undoubtedly, dehydrated patients
re more prone to develop contrast-induced nephropathy.1,2

his is likely because of the higher concentration of toxic
ubstances in the renal tubules and the increased suscepti-
ility to contrast-induced nephropathy caused by a reduc-
ion of the antioxidant defense mechanisms during volume
epletion.29 Proper hydration may counterbalance the os-
otic diuretic effect of contrast agents and may increase

ffective circulating volume, renal perfusion pressure, and
lomerular filtration. Moreover, it may decrease vasocon-
triction in volume-depleted patients and enhance dye elim-
nation. Finally, it also reduces sodium reabsorption, makes
ontrast more diluted in the tubules, and decreases residence
ime of contrast within the tubules.30,31 Hydration with
aline solution still represents the mainstay of contrast-
nduced nephropathy prophylaxis.8,9 However, vigorous hy-
ration before invasive procedures is difficult logistically
nd poorly tolerated, in particular in the presence of im-
aired cardiac and renal function. A substantial fluid admin-
stration and the consequent intravascular volume expansion
ithout a parallel fluid removal increase the risk of vascular

ongestion and pulmonary edema. Conversely, when pa-
ients are treated with hemofiltration, fluid infusion and
limination are exactly matched, allowing infusion rate to
e markedly and safely increased compared with intrave-
ous hydration (from 10 to 15 times with our protocol). This
esults in a magnification of the beneficial effect of hydra-
ion without the risk of hypervolemia and extravascular
uid accumulation. It can also be speculated that, in addi-

ofiltration
)

Pre/post hemofiltration
(n � 31) p value

1 (3%) .21
0 (0%) -
0 (0%) .59
0 (0%) .35
5 (16%) .81
0 (0%) .002
0 (0%) .019
0 (0%) .02

� intra-aortic balloon pump; MV � mechanical ventilation; RRT � renal
ost hem
� 31

(13%)
(0%)
(3%)
(0%)
(19%)
(10%)
(6%)
(10%)

y; IABP
ion to high-volume controlled hydration, removal by con-
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ective filtration and by adsorption to the filter membrane of
ediators of contrast-induced toxicity, such as endothelin,

ngiotensin, prostaglandins, and adenosine, or uremic tox-
ns may play an additional protective role during the hemo-
ltration session preceding contrast exposure.32,33 Another
enal protective effect may also derive from the alkalinizing
icarbonate-based solution, which was used in our protocol
s the replacement fluid during hemofiltration, as recently
uggested by Merten et al.34 Because bicarbonate-based
olution may be more efficacious than sodium solution in
educing contrast-induced nephropathy, further studies that
ompare this type of hydration protocol with hemofiltration
re warranted. Finally, heparin has been shown to attenuate
schemia-reperfusion injury and to inhibit acute inflamma-
ion and oxidative stress.35-37 Thus, heparin infusion before
ontrast exposure in the pre/post-hemofiltration group may
ave protected, at least in part, these patients from renal
schemia-reperfusion injury induced by the contrast agents.

tudy Limitations
ur study does not address the question of whether pre-
emofiltration only is sufficient to prevent contrast-induced
ephropathy. However, it must be considered that post-
emofiltration treatment does not require a significant ad-
itional increase of the procedural cost (the same circuit,
lter, and venous catheter were used in our study). Further-
ore, the clinical advantage of excluding the post-hemofil-

ration session is modest, in comparison with the possibility
o avoid the pre-hemofiltration treatment. Finally, although
atients treated with post-hemofiltration had a contrast-in-
uced nephropathy rate not significantly different from that
bserved in controls, they showed a reduced incidence of
linical complications. In particular, fewer patients required
dditional renal replacement therapies (10% vs 30%; P �
046) and in-hospital mortality was lower than that observed
n controls (10% vs 20%; P � .25). Thus, postprocedural
emofiltration treatment seems justified and may further
mprove the efficacy of this therapy in protecting against
ontrast-induced nephropathy, particularly in high-risk pa-
ients undergoing complex cardiovascular interventions.

Another limitation of this study is the lack of accurate
valuation of renal function. We used Cr value to assess
enal function changes. Because hemofiltration artificially
owers Cr, renal function deterioration may have been con-
ealed by this therapy. However, the hemofiltration-related
r reduction and the typical Cr increase caused by contrast-

nduced damage have different time courses. The former
ccurs during the first 24 hours after contrast administration,
hereas the latter generally starts 48 to 72 hours after

ontrast administration and peaks a few days later. Thus, it
s unlikely that acute renal dysfunction may have been
issed because of hemofiltration treatment. Additional ev-

dence of this is the fact that 26% of the patients in the
ost-hemofiltration group (42% when an absolute increase
f at least 0.5 mg/dL in baseline Cr was considered) showed
significant Cr increase during the hospital stay, despite the
nitial Cr decrease.
Furthermore, the unblinded nature of the study may have
nfluenced in part our result. As patients undergoing hemo-
ltration were admitted to the intensive care unit, they had
ore vigilance by the staff than controls, and thus possible

ower complication rates. However, all patients undergoing
emofiltration (pre- and pre/post-hemofiltration groups)
ere treated in the intensive care unit for a similar period of

ime, so that our results cannot be explained by a different
tandard of care between the 2 groups.

ONCLUSION
ur data confirm that hemofiltration is a highly effective

trategy for the prevention of contrast-induced nephrop-
thy in patients with severe chronic kidney disease who
re undergoing invasive diagnostic and interventional
rocedures. Moreover, this study demonstrates that he-
ofiltration before contrast media administration is

eeded to obtain the full beneficial effect. Finally, it
uggests that high-volume controlled hydration is likely
he major prophylactic mechanism of hemofiltration for
he prevention of contrast agent-induced kidney injury.
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