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Contrast media are excreted mainly by glomerular filtration.
There is thus, a significant correlation between both body
and renal clearances of contrast media and glomerular
filtration rate, and their renal excretion will be delayed in
patients with renal insufficiency. Contrast media can be
efficiently removed from blood by hemodialysis (HD). Since
most contrast media are middle-sized molecules, the main
factors potentially influencing their removal by HD are blood
flow, membrane surface area, molecular size, transmembrane
pressure, and dialysis time. Peritoneal dialysis is also effective
in removing contrast agents from the body but takes longer
than HD. Dialysis immediately after radiographic contrast
studies has been suggested for two groups of patients. Those
on chronic HD and those at very high risk for contrast
nephropathy. Three studies have examined the necessity of
immediate dialysis after intravascular injection of contrast
media in chronic HD patients; the authors found no evidence
that it is effective at preventing contrast nephropathy. The
reasons why HD treatment was not beneficial in those three
studies are not known. Perhaps, the rapid onset of renal
injury after administration of contrast media is one answer. It
is also possible that HD per se was nephrotoxic and might
have offset the beneficial effect of the removal of contrast
media. Marenzi et al. randomized 114 consecutive patients
with chronic renal failure undergoing coronary interventions
to either hemofiltration in an intensive care unit or isotonic
saline hydration. The authors concluded that periprocedural
hemofiltration given in an intensive care unit setting appears
to be effective in preventing the deterioration of renal
function due to contrast agent induced nephropathy and is
associated with improved in-hospital and long term
outcomes. The concentration of contrast media can
effectively be reduced by HD and peritoneal dialysis. HD does
not offer any protection against contrast media induced
nephrotoxicity. Hemofiltration may decrease the risk of
contrast induced nephropathy and have some long-term
benefits, but additional studies are needed to better define
the appropriate population for this treatment.
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PHARMACOKINETIC PROPERTIES OF WATER SOLUBLE
IODINATED CONTRAST MEDIA
The pharmacokinetic properties of water-soluble iodinated
contrast media are such that they are distributed in the
extracellular fluid only, are minimally protein bound, are
not metabolized, and are excreted mainly by glomerular
filtration.

In patients with normal kidney function, iodinated
contrast media are rapidly eliminated through glomerular
filtration.1,2 All contrast media are distributed into the
extracellular body compartments after intravenous injection,3

and this leads relatively quickly to a decrease in their
serum concentration. This can be explained by the fact that
contrast media, because of their chemical structure, diffuse
into the extravascular spaces until the diffusion equilibrium
has been attained, at the same time, there is excretion of the
contrast medium with the first glomerular passage in normal
kidneys. The decrease of the serum level caused by renal
elimination leads to a rediffusion of the contrast medium out
of the tissue and back into the intravascular space,3 and the
decrease in plasma concentration follows a two-part
exponential function.4–8 In normal subjects and in subjects
with mild, moderate, and severe renal impairment, the
plasma concentration of the low osmolar contrast medium
iomeprol declines biexponentially after intravenous admin-
istration.8 Comparison of the fractions of the area under
curve for each phase and comparison of the volume terms
indicate that the first phase can be regarded as the
distribution phase and the terminal phase as the elimination
phase. The mean body clearance and mean renal clearance
values are progressively reduced with an increasing degree of
renal impairment. There is a progressive increase in the
elimination half-life with increasing degree of renal impair-
ment. There is thus, a significant correlation between both
body and renal clearances of contrast media and glomerular
filtration rate. The half-life for iodinated contrast media in
patients with normal glomerular function is between 40 and
120min for ionic contrast media.4–6 The half-life for
nonionic iopromide has been reported to be 110min.6

Cumulative mean 120 h urinary excretion of low osmolar
contrast medium iomeprol averages 93.5 and 63.8% in
healthy subjects and those with severe renal impairment,
respectively.

In normal subjects, elimination takes place rapidly: after
2 h approximately 50% of the injected dose is recovered in
the urine. In subjects with severe renal impairment, the
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elimination is slower, with approximately 50% of the injected
dose recovered in urine between 16 and 84 h after injection.8

In patients with end-stage renal failure, there is long-lasting
retention of the injected contrast medium because the
compensating alternative of biliary elimination is particularly
slow.

REMOVAL OF IODINATED CONTRAST MEDIA BY DIFFERENT
EXTRA CORPOREAL TREATMENT
Hemodialysis
Contrast media can be efficiently removed from blood by
hemodialysis (HD).9–22 Removal of solute by HD occurs
predominantly by diffusion with a lesser contribution due to
bulk flow of fluids across the membrane. Contrast media
have some properties favoring rapid transfer across the
dialytic membrane, that is, water solubility, low protein
binding, and low intracellular penetration. However, the
removal rate is limited by their molecular weight, which
approximates that of the hypothetical ‘middle-sized mole-
cules’ and is considerably higher than that of readily dialyzed
molecules such as urea and creatinine.

In one study,11 the time course of iodine elimination by
HD was assessed in eight patients with chronic renal failure
(serum creatinine level X1.3mg/dl) and 12 patients under
chronic HD. High flux dialysers with a membrane area of
1.0–1.9m2 were used and the blood flow rate was 120–200ml/
min. The mean reduction rate of iodine by HD was
46.675.3% at 1 h, 65.272.9% at 2 h, 75.172.2% at 3 h,
and 80.674.3% at 4 h. No correlation was observed between
the initial plasma concentration and the removal rate of
iodine by HD. Other studies found similar results.10,12,15–17

Low osmolar contrast medium clearance was in the range
from 147 to 180ml/min.

The postdialysis concentration of contrast media has been
assessed in two studies.15,16 Matzkies et al.15 found no
evidence for major redistribution processes 1 h after HD. On
the contrary, the blood concentration of iohexol increased
significantly 3 and 6 h after HD, suggesting a rebound effect
attributed to variations in blood flow distribution between
compartments.16

Since most contrast media are middle sized molecules, the
main factors potentially influencing their removal by HD are:
blood flow, membrane surface area, molecular size, trans-
membrane pressure, and dialysis time. In vitro Teraoka et al.13

observed a high correlation between clearance and blood flow
rate. It is likely based on studies with other drugs that the
same correlation should be observed in vivo for contrast
media.

Dialysis membrane surface area and membrane material
will influence contrast media elimination.15 Marked increase
in plasma clearance (from 156712 to 204736ml/min)
could be seen with increasing surface area for patients
dialyzed with polysulfone dialysers. Additional ultrafiltration
further increased plasma iodine clearance. A comparable
increase in plasma clearance was observed with cuprophan
membranes with different surface areas.15

Most studies12,15,19–21 have shown that high-flux HD (with
polysulfone, PF14, or PAN) is superior to low-flux mem-
branes for elimination of contrast media. Those studies are in
accordance with in vitro studies.13–14 In contrast, Matzkies
et al.18 demonstrated no difference in iopromide clearance
between high flux and low flux dialysers in vivo. The reason
for this discrepancy is unclear.

Peritoneal dialysis23–26

In three patients with chronic renal failure who underwent
coronary angiography with iohexol, intermittent automated
peritoneal dialysis (36–60 l dialysis fluid) was able to remove
43–72% of the iohexol over 16–18 h. In another study,
intermittent peritoneal dialysis for 64 h removed 56% of the
injected high osmolar contrast media. Continuous ambul-
atory peritoneal dialysis of 10 patients in chronic renal failure
removed 54% (range 36–80%) of the administrated dose of
iopamidol 300 (30ml) over 7 days using 8 l of dialysis fluid
daily. During the same period, 27% (range 36–80%) of the
injected contrast medium was excreted in the urine.23 Thus,
peritoneal dialysis is also effective in removing contrast
agents from the body but takes longer than HD.

POSTCONTRAST DIALYSIS
Dialysis immediately after radiographic contrast studies has
been recommended for two groups of patients. Those on
chronic HD and those at very high risk for contrast
nephropathy.

Three studies27–29 have examined the necessity of im-
mediate dialysis after intravascular injection of contrast
media in chronic HD patients. All patients were in-patients
maintained on a routine HD schedule of three times per week
and who required intravascular administration of contrast
media. Patient tolerance to the contrast load was closely
monitored. One study29 included 22 patients who received
85–225ml of contrast media and the incidence of side effects
was observed over the next 5 days. The authors found that
the patients had no more side effects than those without renal
failure. None of the patients had postprocedural side effects
that warranted dialysis before the next routinely scheduled
session. Similar conclusions were reached in the two other
studies, which included 10 (50–300ml of iobitridol) and eight
patients (50ml of iopamidol) also given nonionic contrast
media. The results of those studies suggest that low osmolar
contrast medium may be given safely to patients with end-
stage renal disease being maintained on HD without the
added expense or inconvenience of emergent postprocedural
dialysis. Additional investigation in a larger number of cases
involving patients with poor cardiac condition and peritoneal
dialysed patients with residual renal function is warranted.

Several studies investigated the effect of HD after contrast
medium procedure on renal outcome.

In a study30 of 13 patients with serum creatinine
2.4–7.4mg/dl, dialysis was carried out within 1–18 h of the
procedure. No patient had a rise in serum creatinine within
15 days. The authors concluded that dialysis is helpful in
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preventing contrast nephropathy. However, the absence of a
control group makes these findings difficult to interpret.

However, several studies have suggested that although HD
eliminates contrast medium effectively, it may not influence
the incidence or outcome of contrast induced nephropathy
(CIN). The influence of HD on the pharmacokinetics of
nonionic contrast media and the outcome of CIN in patients
at risk undergoing angiography was prospectively studies in
30 patients with reduced renal function (2.470.2mg/dl).31

The patients were randomized into two groups. In group 1,
HD was started as soon as possible (6376min) after
termination of contrast medium administration.

HD was performed for 3 h without fluid withdrawal. The
dialyser used in all cases was a high-flux polysulfone
membrane. The average blood flow was 13978ml/min and
the dialysate flow was 500ml/min. Group 2 received no HD.
All patients received an intravenous infusion of 0.9% saline.
Serum iopentol concentration in the HD group declined
significantly faster than in the control group (1171.6 and
1772.3% of the peak concentration 24 h after iopentol
application in groups 1 and 2, respectively). Except for the
first 24 h after HD, the course of serum creatinine was parallel
in both groups. The rate of CIN (an increase of at least
0.5mg/dl within 48 h) was not significantly different between
the two groups (53 vs 40% in groups 1 and 2, respectively).
Neither was the incidence of CIN in the diabetic and
non-diabetic patients.

Vogt et al.32 studied 113 patients with chronic stable renal
failure (serum creatinine levels 42.26mg/dl). Patients
underwent either selective percutaneous transluminal renal
angiography (n¼ 36), percutaneous transluminal angioplasty
of the lower extremities (n¼ 26), coronary angiography
(n¼ 38), computed tomography (n¼ 11), or other radio-
graphic investigation. Patients were assigned randomly to
receive either intravenous saline at 1ml/kg/h for 12 h before
and after administration of the contrast agent or saline before
and HD after administration of contrast agent. HD was
started between 30 and 280min (median 120min) after
administration of the first bolus of contrast media. The
dialyser used was a high-flux polysulfone membrane. The
mean blood flow was 180742ml/min and the duration of
dialysis averaged 3.170.7 h with a dialysate flow was 500ml/
min. The rate of CIN (maximal increase in serum creatinine
level 41.5mg/dl or 450% above baseline at any time point)
and evolution of serum creatinine did not differ between the
groups. Because the volume of contrast media administered
to patients in the non-HD group was approximately 30% less
than that administered in the HD group (1437115 vs
2107143ml, P¼ 0.007), they compared the effects of HD
among patients who received 4150ml of contrast media.
There was no beneficial effect of HD on serum creatinine
levels in this subgroup of patients. The authors found that a
greater percentage of patients who were treated with
prophylactic HD after the administration of contrast media
required additional HD treatment or had a decline in renal
function (8 vs 3 patients).

In total, 32 patients with reduced renal function (serum
creatinine 41.7mg/dl) were randomly selected to undergo
either HD or standard treatment following angiographic
examination.33 Glomerular filtration rate was determined the
day before and 1 week after administration of the contrast
medium by iohexol clearance, which correlates excellently
with renal inulin clearance, and is thus a reliable marker of
glomerular filtration rate. HD lowered the level of contrast
medium in plasma by approximately 80%. In spite of this, no
significant difference in renal iohexol clearance was noted
between groups. Renal clearance of iohexol correlates
excellently with renal inulin clearance and is thus a reliable
marker of glomerular filtration rate. Therefore, in spite of the
obvious effect of HD on plasma contrast levels, the authors
found no evidence that it is effective at preventing contrast
nephropathy.

The reasons why HD treatment was not beneficial in those
three studies are not known. Perhaps, the rapid onset of renal
injury after administration of contrast media is one answer.
Renal hypoperfusion occurs within 20min after the injection
of contrast media; however, a delay between contrast medium
exposure and institution of an HD procedure of o30min
does not seem feasible. However, one study has assessed the
effects of simultaneous HD with contrast administration on
the rate of CIN.

Frank et al.34 have prospectively studied 17 patients with
known chronic renal insufficiency (serum creatinine 43mg/
dl) yet dialysis independent who were undergoing coronary
angiography. Patients were randomized to receive hydration
(1000ml 0.9% saline) over a time period of 6 h before and
after contrast administration or the same volume of saline
with high flux HD without ultrafiltration over 6 h simulta-
neously with the contrast media application. At 24 h
creatinine clearance was similar at baseline (19.479.6 vs
17.477.2ml/min) and 1 and 8 weeks after angiography. No
patients developed oliguria. This first study with HD
simultaneously to contrast media application showed that
the overall clearance of the contrast media was significantly
increased by dialysis. However, the peak plasma concentra-
tion of iomeprol 15min after contrast media application was
not changed significantly by simultaneous dialysis.

Another limitation of all those studies is the small size of
the population studied. Frank et al.34 have analyzed the
sample size needed to treat to obtained a significant end
point. With regard to the incidence of end-stage renal failure
in their study and previous data showing a risk for the need
of dialysis after coronary intervention between 12% for non-
diabetic and 43% for diabetic, they postulated that
simultaneous dialysis should reduce the risk for developing
end-stage renal failure by 50% to be considered clinically
beneficial. This risk reduction seems reasonable to justify the
potential side effects and expenditure of this procedure. With
a type 1 and type 2 test error set at 0.01, the hypothesis could
be accepted if none of the next 48 sequential patients with
simultaneous dialysis would need dialysis during the 8 weeks
after contrast media exposure. On the other hand, 239
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sequential patients with simultaneous dialysis had to be
included to reject the hypothesis. Based on these numbers, we
may assume that none of the already performed studies had
the power to detect any effect of dialysis on the rate of CIN.

It is also possible that HD per se was nephrotoxic and
might have offset the beneficial effect of the removal of
contrast media. Nephrotoxicity due to dialysis has been
linked with the activation of inflammatory reactions and the
induction of hypovolemia and hypotension. In contrast to
HD, hemofiltration is a continuous form of renal replace-
ment therapy that constitutes an alternative strategy for the
prevention of contrast-agent-induced nephropathy in high-
risk patients. Hemofiltration is associated with greater
hemodynamic.

Marenzi G et al. have35 studied 114 consecutive patients
with chronic renal failure (serum creatinine concentration
42.0mg/dl (176.8mmol/l)), who were undergoing coronary
interventions. Patients were randomly assigned to either
hemofiltration in an intensive care unit or isotonic saline
hydration at a rate of 1mml/kg/h in a ‘step-down’ unit. For
patients in the hemofiltration group, a treatment session was
started 4–6 h before the scheduled coronary procedure.
Treatment was resumed after the procedure was completed
and continued for 18–24 h. Hemofiltration treatment was
stopped during the coronary procedure itself. Contrast agent-
induced nephropathy was defined as an increase of more than
25% from the baseline value in the serum creatinine
concentration. An increase in the serum creatinine concentra-
tion of more than 25% from the baseline value after the
coronary procedure occurred less frequently among the
patients in the hemofiltration group than among the control
patients (5 vs 50%). Temporary renal replacement therapy
(HD or hemofiltration) was required in 25% of the control
patients and in 3% of the patients in the hemofiltration group.
The rate of in-hospital events was 9% in the hemofiltration
group and 52% in the control group (Po0.001). In-hospital
mortality was 2% in the hemofiltration group and 1% in the
control group (P¼ 0.02), and the cumulative 1-year mortality
was 10 and 30%, respectively (P¼ 0.01). The authors
concluded that periprocedural hemofiltration given in an
intensive care unit setting appears to be effective in prevention
of the deterioration of renal function due to contrast agent
induced nephropathy, and is associated with improved in-
hospital and long-term outcomes.

Those provocative data were then challenged by several
authors who raised several keys points:

K Why should hemofiltration that was stopped during the
exposure to contrast media have prevented CIN when the
experience with HD suggests that the renal injury occurs
during that initial exposure to contrast media?

K Is it possible that the heparin infusion used in the
hemofiltration group have protected the patients from
contrast media induced ischemia reperfusion injury?

K Relying on an increase in the serum creatinine concen-
tration to define acute renal failure creates a bias toward

the finding of less acute renal failure in the hemofiltration
group, which had creatinine concentrations artificially
lowered below baseline at day 1.

K The benefits of randomization were attenuated when
confounding by indication was built into the treatment
protocols.

As outlined by the authors in their answer to these
comments,36 a preventive strategy based on hemofiltration
cannot be directly applicable to all patients at risk, given the
relative high cost of this procedure and the limited
availability of beds in intensive care unit. Further studies
are needed for a better delineation of the risk profile of
patients exposed to contrast media and for the selection of
those in whom a preventive strategy with hemofiltration
might be justified and cost effective.

CONCLUSIONS
Delayed excretion of iodinated contrast media in patients
with renal insuffciency has led to concerns about increased
toxicity in such patients after radiographic procedures, which
require intravascular injection of iodinated contrast. The
concentration of contrast media can effectively be reduced by
HD and peritoneal dialysis. HD does not offer any protection
against contrast media induced nephrotoxicity. Hemofiltra-
tion may decrease the risk of CIN and have some long-term
benefits but additional studies are needed to better define the
appropriate population for this treatment.
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