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Background. Nephropathy associated with  contrast
medium exposure is a well-known complication of IVP. How-
ever, it is uncertain whether iso-osmolar non-iodinated contrast
medium (iodixanal) is less nephrotoxic than low-osmolar con-
trast medium (iohexol). Materials and Methods. In this single-
center, double-blind, prospective study, 50 patients undergoing
IVP were randomized into two groups receiving different con-
trast medium: iodixanol and iohexol. Patients in high risk for
contrast nephropathy were included, 28 with renal insufficiency
and 19 with diabetes mellitus. We compared the nephrotoxic
effect (contrast nephropathy), complement and cytokines profile
between the iodixanol and iohexol groups. The mean volume of
contrast medium in each IVP procedure was 0.8 mL/kg.
Results. The incidence of contrast nephropathy was 4 percent
among all patients (one iodixanol and one iohexol). We found no
significant differences in contrast nephropathy and allergic reac-
tions between the two groups. There was no significant differ-
ence in cytokine profilesin both groups (p > 0.05).The incidence
of alergic reaction was 16 percent among all patients. Twelve
percent (3/25) had |ate reaction after iohexol exposure compared
to four percent (2/25) with iodixanol (p = 1.0). One patient had
severe skin rash due to late adverse reaction after iodixanol. No
mortality was found. Conclusions. New iodixanol and iohexol
contrast medium for routine VP examination are safe and have
low nephrotoxicity profile, especially in elderly or high-risk
patients. lodixanol contrast medium has an increased risk to
induce severe late adverse reaction compared to iohexol. Allergic
reaction may be the main adverse effect after contrast medium
infusion.

Keywords acute rena failure, allergic reaction, contrast
medium, intravenous pyelography

INTRODUCTION

Contrast nephropathy (CN) is a complication of arte-
riographic procedures, but also of intravenous pyelogra-
phy (IVP) and computed tomography scans with use of
intravenous  contrast media*™® Routine IVP was
performed in nephrology and urology.®4 However, the
use of iodinated contrast medium (CM) resulting in CN
may not be entirely avoidable. In spite of the improve-
ments in the chemical structure of contrast media, CN is
gtill the third leading cause of hospital-acquired acute
renal failure.l®

Both pre-existing rena insufficiency and diabetes
mellitus have been demonstrated to significantly increase
the risk of CN (so-called high-risk patients).[®” During the
past decade, nonionic (low-osmolality) CM have become
increasingly popular for radiographic procedures requiring
intravascular contrast because they are associated with a
decreased incidence of systemic and organ toxicity
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compared to conventional ionic (high-osmolarity, iothala
mate meglumine injection USP 60%) contrast media
Moreover, data from animal studies have suggested that
nonionic CM is less nephrotoxic than ionic CM.[822

CN can be defined as an acute impairment of renal
function following the exposure of radiocontrast
medium.[Y! The clinical presentation of CN is distinct,
having atemporal relation between the performance of the
contrast study in the high-risk patient and the onset of an
increase in serum creatinine levels within the next
24 hours to 5 days. Serum creatinine values greater than
25% of baseline!® or rising by 0.5 mg/dL or more are
diagnostic'¥ The peak serum creatinine level occurs
within 3-5 days of the contrast enhanced study. Monitor-
ing serum creatinine is the most useful clinical approachin
high-risk patients after IVP.

Severa studies have provided evidence that CM have
direct cytotoxic effects on the renal structures. Until now,
several pathophysiological mechanisms have been pro-
posed, including disturbed renal perfusion/hypoxia, direct
toxicity to renal tubular epithelium, apoptosis, altered
glomerular function, and immunologic mechanisms.>-%2
Histamine is a well-known mediator of inflammation and
a very important modulator of cytokine production.[?®l
Previous studies have reported on the elevation of plasma
histamine levels after conventional CM.[?4?% However, no
large seria report has examined plasma histamine release
after iodixanol or iohexol after VP in Taiwan. Thus, com-
plement and cytokines profiles are to be measured for this
purpose. Prophylactic measures include hydration, diure-
sis, mannitol and renal vasodilators, etc.>?” There is no
evidence that the use of mannitol, furosemide, aminophyl-
line, natriuretic peptide, or low-dose dopamine provides
any significant prophylactic benefit. The use of aggressive
hydration strategies before contrast infusion has been
shown to be important in preventing CN. Severe compli-
cations in the high-risk patients, including adverse reac-
tions of CM 121 may be managed by hemodialysis.[?®l

In the past, non-ionic monomers and dimmers have
both been shown to have a good safety profile in normal
subjects. Patients with renal impairment are at increased
risk of developing CN. There are limited clinical data in
the nephrotoxicity of iodixanol in renal impairment. How-
ever, previous reports®2% with regard to CN after IVPin
high-risk patients are primarily from western countries,
and very few are from Taiwan. We designed a prospective,
controlled study to compare the incidence of contrast
nephrotoxicity between the iodixanol and iohexol contrast
agent, especialy in elderly or high-risk patients undergo-
ing IVP. Serum creatinine and immunologic reaction are
to be measured pre- and post-1VP in a series of in-patients
to establish whether there is any clinically detectable evi-
dence of superiority of iodixanol over iohexol CM.
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MATERIALSAND METHODS

A total of 50 patients receiving IVP in our hospital
from September 1, 2005, to August 31, 2006, were ran-
domized to receive iodixanol or iohexol in this study.
Exclusion criteria were pregnancy, volume depletion or
fluid overload, IV-iodinated CM within seven days,
treatment with metformin or NSAID within 48 hrs, and
nephrotoxic drugs within seven days. All study subjects
provided written informed consent, and the ethica
committee approved this protocol. This study included
diabetes patients with serum creatinine less than 1.5 mg
per deciliter, diabetic patients with preexisting rena
insufficiency (defined by serum creatinine more than
1.5 mg per deciliter), and nondiabetic patients with renal
insufficiency. We compared the nephrotoxic effect of an
iso-osmolar, dimeric, nonionic iodixanol with those of a
low-osmolar, monomeric, nonionic iohexol. The volume
of CM was about 0.8 mL/kg for each | VP procedure. The
CM was injected intravenously at a rate of 2 mL/second.
We hydrated the patients with 0.9% saline 1 mL/kg/hr
8-12 hours before and after 1VP. The primary end point
was the peak increase from baseline creatinine concen-
tration three days after IVP. CN was defined as a >25%
increase in serum creatinine after 1VP. Late reactions
were defined as those that occurred more than one hour
but within seven days of completion of 1VP. Serum seria
creatinine will be measured before examination (day 0)
and on days 2, 3, and 7. Meanwhile, the serum cytokines
were aso measured at day 0 (0 hr), 6 hours, and 24 hours.

Laboratory Testing
All routine examinations were performed at our clini-

cal pathology department. Cytokines were analyzed in
serum specimens by using sandwich enzyme-linked
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immuno-sorbent assay (ELISA) technique according to
the manufacturer’s instructions (IBL, Hamburg, Germany).
Because of the reproducibility of this method, a change
greater than 20% in the same individual was considered to
be significant.

Statistical Analyses

All continuous data were tabulated and analyzed as
mean + SD. Wilcoxon rank sum test was used for within-
group and between-group comparisons. Categorical data
were analyzed using chi-square or Fisher's exact test,
when appropriate. Differences were considered significant
for ap value less than 0.05. Data were analyzed using the
SAS software for Windows (Statistical Analysis System,
version 9.1, SAS Ingtitute, Cary, North Carolina, USA).

RESULTS

Table 1 lists clinical characteristics of the patients
receiving iodixanol or iohexol. Between the two groups
(iodixanol and iohexal), only age had significant differ-
ences (p = 0.019). No association existed between the two
groups, and variables such as sex, weight, height, diabetes
mellitus, renal insufficiency, total water intake, previous
exposure to CM, and volume of CM were not significantly
different (p > 0.05).

Tables 2 and 3 list serum creatinine (% change) of the
patients in the iodixanol and iohexol groups. The
incidence of CN was 4% (2/50) among all patients (one
iodixanol, one iohexol). We found no significant differ-
ences in the incidence of CN in both groups (p = 1.0).
There was no significant difference of a more than 10%
change of serum cregtinine in the week following IVP in
both groups (p = 0.529). There was no significant difference

Table1
Clinical characteristics of the patients receiving iodixanol or iohexol group
lodixanol group lohexol group

Patient characteristics (n=25) (n=25) p value
Age (yearsold) 629+ 13.7 53.0+12.2 0.019
Sex (male) 18 (72.0%) 16 (64.0%) 0.544
Weight (kg) 66.1+9.7 68.0+11.8 0.314
Height (cm) 164.2+7.4 1619+ 84 0.556
Diabetes mellitus 10 9 0.771
Renal insufficiency 14 14 1.0
Total hydration with 0.9% saline amount (mL) 2960.0 + 789.5 2700.0£912.9 0.287
Previous exposure to contrast media 11 (44.0%) 10 (40.0%) 0.775
Volume of contrast media (mL) 57.2+80 60.1+10.7 0.286
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Table 2
Change in serum creatinine on day 0—7 following intravenous pyel ography
lodixanol group lohexol group
Serum creatinine (mg/dL) (n=25) (n=25) p value
Baseline level 1.36+0.42 1.34+0.45 0.697
At day 2 1.36+0.44 1.28+0.37 0.429
Atday 3 1.37+0.48 1.30+0.39 0.422
Atday 7 1.33+£0.39 1.28+041 0.450
>10% risein creatinine 8 6 0.529
>25% risein creatinine 1 1 1.0
Table3

Percentage change serum cresatinine of the different groups patients receiving iodixanol or iohexol group

lodixanol group |ohexol group

Percentage change of serum creatinine (n=25) (n=25) p value
Normal (control) group (n) 6 5

>10% change in creatinine 2 1 1.0

>25% change in creatinine 0 0 —
DM with normal renal function (n) 5 6

>10% change in creatinine 3 3 1.0

>25% change in creatinine 0 1 1.0
DM with renal insufficiency (n) 5 3

>10% changein creatinine 1 1 1.0

>25% change in creatinine 1 0 1.0
DM group with or without renal insufficiency (n) 10 9

>10% change in creatinine 4 4 10

>25% change in creatinine 1 1 1.0
Non-DM with rena insufficiency (n) 9 11

>10% changein creatinine 2 1 0.566

>25% change in creatinine 0 0 —
High-risk (DM or renal insufficiency) (n) 19 20

>10% change in creatinine 6 5 0.731

>25% change in creatinine 1 1 1.0

in the serum creatinine at baseline level and days 2, 3, and
7 in both groups (p > 0.05). There was no significant dif-
ference in percentage change of serum creatinine in the
week following IVP (p > 0.05).

Table 4 lists cytokines profile of the patients receiving
iodixanol or iohexol. In al, 47/50 (94%) patients receiving
CM did not have increased total cytokine liberation. There
was no significant difference in more than 10% change of
any one or total cytokines during three daysin both groups
(p > 0.05). There was no significant difference in the time
and average level of cytokines at baseline level, 6 hours,
and days 1 and 3 in both groups (p > 0.05).

Table 5 lists the alergic reactions of the patients in
the iodixanol and iohexol groups. We found no signifi-
cant differences in the alergic reactions in both groups
(p = 0.247). The incidence of allergic reaction was 16
percent among all patients. Twelve percent (3/25) had

early alergic reaction after iohexol exposure, compared
to zero percent with iodixanol (p = 0.235). Twelve per-
cent (3/25) had late reaction after iohexol exposure,
compared to four percent (2/25) with iodixanol (p =
1.0). The early reaction included a burning sensation in
the throat (two patients) and dizziness (one patient). The
late reaction consisted mainly of skin rash. One patient
had severe late adverse reaction to iodixanol and devel-
oped numerous erythematous pruritic confluent maculo-
papules in addition to urticaria and angioedema over
upper extremities, spreading to abdominal area and
groins (see Figure 1). Remission of the skin lesions
was observed after one-week systemic prednisolone at
0.5 mg/kg/day. There was no significant difference in
the history of previous CM examination and previous
adverse reaction to CM in both groups (p > 0.05). No
mortality was found.



Table4
Cytokine profilesin patients receiving iodixanol or iohexol bolusinjections

lodixanol group lohexol group
(n=25) (n=25) p value
>20% change any one of cytokine 22 22 10
>20% changein total cytokines 1 2 1.0
>20% changein IL-6 13 17 0.248
Baseline level (pg/mL) 21.0+£ 148 17.6+9.0 0.270
Averagelevel at 6 hrs (pg/mL) 19.3+11.3 249+17.7 0.323
>20% changein IL-6 6 12 0.077
Averagelevel at day 1 (pg/mL) 20.7+£9.8 20.8+11.3 0.824
>20% changein IL-6 8 9 0.765
Averagelevel at day 3 (pg/mL) 20.1+120 22.7+19.2 0.678
>20% changein IL-6 10 9 0.771
>20% changein IL-10 12 13 0.777
Baseline level (pg/mL) 29.3+£31.2 29.8+533 0.447
Averagelevel at 6 hrs (pg/mL) 29.0£325 270+ 348 0.598
>20% changein IL-10 7 9 0.544
Averagelevel at day 1 (pg/mL) 31.4+37.8 270+ 353 0.699
>20% changein IL-10 12 9 0.390
Averagelevel at day 3 (pg/mL) 26.7+41.2 254+338 0.969
>20% changein IL-10 9 8 0.765
>20% change in TNF-« 4 2 0.667
Baselinelevel 400 40+0 1.0
Average level At 6 hrs (pg/mL) 526+ 4.36 519+5.95 0.607
>20% change in TNF-« 2 1 1.0
Averagelevel at day 1 (pg/mL) 4.60+2.99 40+0 0.342
>20% change in TNF-« 1 0 10
Averagelevel at day 3 (pg/mL) 4.64+3.22 538+6.91 1.0
>20% change in TNF-« 1 1 1.0
>20% change in histamine 17 17 1.0
Baselinelevel 147+ 1.65 159+ 1.83 0.854
Averagelevel at 6 hrs (pg/mL) 1.33+1.38 147+ 1.39 0.671
>20% change in histamine 12 10 0.569
Averagelevel at day 1 (pg/mL) 1.77+1.66 159+1.45 0.862
>20% change in histamine 16 15 0.771
Averagelevel at day 3 (pg/mL) 2041237 148+ 1.61 0.494
>20% change in histamine 15 9 0.089
Table5
Early (<1 hour) and late (>1 hour to 7 days) allergic reactions in patients receiving iodixanol or iohexol bolusinjections
lodixanol group lohexol group
Allergic reactions (n=25) (n=25) pvaue
Tota allergic reaction patients (n) 2 6 0.247
Early reactions 0 3 0.235
Burn sensation in throat 0 1 1.0
Dizziness 0 2 1.0
Late reactions 2 3 1.0
Skin rash 2 3 1.0
Previous contrast media examination 11 10 0.775
Previous adverse reaction to contrast media 1 2 1.0
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Figure 1. The patient received 80 ml intravenous iodixanol
injection and developed late adverse reaction over upper
extremities and trunk eight hours later, and then spread to low
abdominal area and inguinal region. The skin lesion improved
nine days after therapy.

DISCUSSION

A previous report found that the frequency of clini-
cally important CN was 3-7%.[*% The use of aggressive
hydration strategies before contrast administration has
been shown to be important in preventing CN.[?5%8 |n
our study, the incidence of CN was 4 percent, similar to a
previous report.’'” The majority of the patients were
hydrated with 2830 ml of 0.9% saline during the proce-
dure. These patients underwent IVP with less nephro-
toxic contrast medium and hydration, which are
important in preventing CN.

A previous report reveal ed that iodixanol may be dightly
less nephrotoxic than iohexol.4 In our study, 8/25 (32%)
patientsin the iodixanol group had an increase in serum crea-
tinine of >10% in the week following IV P, compared with 6/
25 (24%) in the iohexol group (p = 0.529). However, patients
in the iodixanol group were significantly older compared to
those in the iohexal group (p < 0.05). These older patientsin
the iodixanol group did not have a higher incidence of con-
trast nephropathy than theiohexol group.

The previous report revealed that there is a clinically
important risk of nephrotoxicity attributable to contrast
material for patients with diabetes and normal renal func-
tion or for nondiabetic patients with preexisting renal
insufficiency.ll In our study, 19 patients have diabetes
mellitus and 29 patients have rena insufficiency. There
was no significant difference in the change of serum creat-
inine in the week following IVP for the high-risk group
receiving iodixanol or iohexol (p > 0.05). In the iodixanol
group, one diabetic patient with rena insufficiency had
CN. In the iohexol group, one diabetes mellitus with nor-
mal renal function had CN. The incidence of CN was 12.5
percent among our patients with diabetes mellitus and
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renal much lower
reported.

The late adverse reaction after dimeric CM adminis-
tration may be explained on the basis of the presented
cytokine dynamic.[?? In our study, two patients with CN
had only IL-6 cytokine liberation. Five patients (two
iodixanol, three iohexol) had late adverse reaction, and
three of them (60%) had total cytokine liberation. The
majority of patients with allergic reaction had any one of
cytokine liberation. The late adverse reaction of iodixanol
injection had severe skin lesion. The patient had very high
level of cytokine liberation.

Reactions to intravenous contrast media occur in 2—
10% of investigation.*®3! Late reactions are reported
with frequencies of between 8.7% and 70.0%,1%+3" and
reports have also suggested that there is an increased
frequency of late reaction with non-ionic dimeric CM
compared to non-ionic monomeric CM.Y The physiolog-
ical background of late reaction is unknown. In our study,
the incidence of allergic reaction was 16 percent among all
patients, similar to a previous report.*Y In all, 2/25 (8%)
patients with iodixanol and 3/25 (12%) with iohexol had
late allergic reaction, and 5/50 (10%) patients had late
reaction, lower than a previous report.!*® Our reports
observe that iodixanol contrast medium is associated with
a lower frequency of late reaction compared to iohexol,
but the difference was not statisticaly significant (p >
0.05). Three male patients had a late reaction, different
from the female predominance in a previous report. Our
report was different from previous literature, but our study
group is smaller and limited.

Clinicaly, the dimeric CM induces a lower rate of
immediate reactions but has an increased risk to induce
late adverse reaction.’3% |n our study, one patient had
severe skin rash due to late adverse reaction after iodix-
anol. The skin lesion had erythema, pruritus, exanthema,
edema, urticaria, and angioedema. It was initially treated
as cellulites, and oral antibiotic was given with poor
response. Finaly, he received low dose (0.5 mg/kg) oral
prednisolone therapy with resolution of skin lesion one
week later.

In conclusion, new iodixanol and iohexol CM for rou-
tine IVP examination are safe and have low nephrotoxicity
profile, especialy in elderly and high-risk patients. Late
allergic reaction may be the main adverse effect after non-
ionic CM infusion.

insufficiency,
[33]

than previously
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