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PURPOSE: CO, gas has been proposed for use instead of iodinated contrast media in angiographic examinations in
patients af risk of developing renal failure from contrast media. The influence of intraarterial injection ef CO, with
small added amounts of ioxaglate (200 mgl/mL) or ioxaglate alone on renal function in patients with suspected renal
artery stenosis was studied in a prospective, randomized study.

MATERIALS AND METHODS: One hundred twenty-three patients underwent renovascular intervention (1 = 83)
and/or renal angiography (# = 40) for suspected renal artery stenosis. Patients with a serum creatinine concentration
less than 200 pmol/L {n = 82) were randomized prospectively to receive CO, with small added amounts of ioxaglate
(n = 37) or only ioxaglate ( = 45). Patients with serum creatinine levels greater than 200 pmol/L {n = 41) were not
randomized and initially received CO,. Serum creatinine concentrations were measured within 1 day before and 1 day,
2 days, and 2-3 weeks after the procedure,

RESULTS: The amount of injected CO, did not relate to an increase in serum creatinine level. In the randomized
groups, and also when the whole patient sample was considered, the amount of injected iodine was significantly
correlated (P = .011) with an increase in serum creatinine level and a decrease in estimated creatinine clearance after
2 days. Among the randomized patients, one in the CO, group and three in the ioxaglate group had a more than 25%
increase in serum creatinine level within the first 2 days after the intervention.

CONCLUSION: The risk of impairment of renal function is lower after injection of CO, with small amounts of added
ioxaglate compared with injection of a larger amount of ioxaglate alone. The larger the amount of administered
iodinated contrast medium, the greater the risk of development of renal failure.
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Abbreviations: Cr(] = creatinine clearance, PTRA = percutanecus translominal renal angioplasty

THE third leading cause of acute renal
failure in hospitalized patients is ra-
diographic contrast medium~induced
nephropathy (1). The reported inci-
dence of contrast medium-~induced

nephropathy varies from zero (2,3) to
50% (4). This variation is probably a
result of differences in study design,
definition of renal faiture, and popula-
tions studied. The number of patienis
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in need of radiclogic interventions is
increasing and the interventions are
often carried out in patients with a
high risk of developing contrast me-
dium~-induced nephropathy, particu-
larly those with preexisting renal in-
sufficiency and diabetes mellitus. The
exact mechanismn for the increased risk
of developing nephropathy in patients
with reduced renal function is not fully
understood, but medullary hypoxia has
been proposed among numerous other
mechanisms. The increased use of en-
dovascular procedures has increased
the demand for less-nephrotoxic tech-
niques and contrast media. It has been
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Figure 1. Schematic illustration of disposition of patients in the study.

suggested that, by reducing the
amount of iodinated contrast medium,
the risk of nephropathy will be low-
ered (5). CO, gas has been used for
several decades as negative contrast
medivm in angiography {(6). Improve-
ments in CO,-enhanced digital sub-
traction angiography have resulted in
acceptable arteriograms, but with con-
siderably less attenuation differences
compared with iodinated contrast me-
dia (7-10). It has been reported in sev-
eral skuadies that CO, angiography
does not affect renal function (9,11).
However, we are aware of no prospec-
tive, randomized study in which the
effects on renal function of CO, gas
supplemented with small amounts of
iodinated contrast medium have been
compared with those of iodinated con-
trast medium alone,

The purpose of our study was to
compare the effects on renal function
of an intraarterial injection of the io-
dinated low-osmolarity contrast agent
ioxaglate with that of CO, supple-

mented with a small amount of jiodin-
ated contrast medium.

MATERIALS AND METHODS
Patient Group

All patients referred to our hospital
for renal angiography investigation
for suspected renal artery stenosis
during the period of March 1999 to
February 2001 were studied (Fig 1).

Procedures

Patients with serum creatinine lev-
els greater than 200 pmol/L (n = 41)
were excluded from the randomiza-
fion because of the known high risk
for developing renal failure after injec-
tion of large amounts of contrast me-
dium in patients with severely re-
duced renal function (4,12,13). All
these patients initially received CO; to
reduce the amount of injected contrast
medium. Palients with serum creati-

nine levels lower than 200 wmol/L (n
= §2; 45 men, 37 womer; mean age, 67
years; age range, 36-86 years) were
randomized prospectively to receive
CO, supplemented with small
amounts of ioxaglate (ionic dimer, vs-
molality 600 mOsm /kg H,O, 200 mg
1/ml; n = 37) or loxaglate alone {n =
45; Table 1). The randomization was
performed immediately before the
procedure by drawing a lot. The pro-
tocol was approved by the university
research ethics committee. Informed
consent was obtained from all
patients,

Before the procedure, each patient
received hydration with 300-500 mL
of physiclogic saline solution. Arterial
access was achieved through the com-
mon femoral artery. All patients ini-
tially received an injection of CO, (as
described by Hawkins et al [7,11]) or
ioxaglate in the aorta to detect the re-
nal arteries with use of a 4-F catheter
with extra side holes (Sos Omnd; An-
giodynamics, Glens Falls, NY}. For se-
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Table 1
Data on Patients Undergoing Renal Angiography for Suspected Renal Artery Stenosis (N = 123)
Prospective Randomized
Nenrandomized
Iodine O, Group*
Baseline serum creatinine {(umol/1.) <200 <200 >200
No. of patients 45 37 41
Age (y) 63 =11 67 %8 7ix£8
Weight (kg) 74 %12 73210 67 =13
Diabetes 4 10% 14
ischemic heart disease 13 11 15
Hyperfension 40 3 37
Stroke 8 7 6
Aortic disease (aneurysin) 3 5 6
Smoking 8 12 10
lodine (g) 17.7 £ 8.6 70x78 53 %44
{0.8-50.0) (0-36) {0-20)
Iodinated contrast medium {mL) 884 £ 429 351+ 64 264 1+ 222
(4250} {0-150) (0-100}
CO, (mkL) 0 191 = 118 113 = 70
(40-600) (50--300)
Angiography alone 13 10 17
Angiography and dilation 17 13 12
Angiography and dilation and stent 15 14 12
Serum creatinine level (In pmol/L
1 day before 120 = 37 128 + 38 297 & 83
(1.36 = 0.42) {145 % 0.43) (3.36 = 0.94)
1 day after 119 = 36 126 + 39 275 * 86
(1.35 £ 0.41) (143 £ 0.44) {3.11 £ 0.97)
2 days after 122 49 139 = 45 288 = 97
{128 % 0.42) {1.57 = 0.51) (3.26 + 1.10)
2-3 weeks alter 124 % 43 133 = 48 271+ 94
(1.40 =+ 0.49) (1.50 = 0.54) (3.07  1.06)
Creatinine clearance {mL/min}
1 day before 59 % 29 54 %22 20x8
1 day after B7 £ 26 54 & 22 21%9
7 days after 5623 45 17 WxE
2-3 weeks after 59 &£ 29 52+ 20 20 %7
Serum creatinine increase >25% within b 2 5
2-3 weeks after intervention
Serum creatinine increase >25% within. 3 1 3
1 weel¢ after intervention
Need for dialysis 1 0 1
Hypotension during intervention ] 1 1
Nausea 1* g 5
Vomiting 0 1 4
CRP 1 day before {mg/L) 716 717 22 33
Hemoglobin Alc 1 day befoxe (%) 52414 52*x14 65+ 1.9
S-glucose 1 day before {mmol /L) 6.1+ 2.0 73x27 B7x5.6
Hemoglobin 1 day before {g/L) 137 & 12 140 = 16 118 £ 15
S-urea 1 day before (mmol/L} 9.7 6.1 89 =39 22563
* S;:gmftcant difference (P < .05).
t Values in parentheses are mg/dL.
Note~Values presented as means + SD and ranges are given within parentheses. CRP = C-peptide protein.

lective renal artery injections, a 4-F
catheter (Shephard Hook; Cordis, Mi-
ami, FL) was used. Anglograms were
obtained with a 40-cm image intensi-
fier and digital sublraction systems
(Siemens Medical ‘Systems, Iselin, NJ).
The CO, injection in the aorta was per-
formed with a syringe filled with

40-50 mL of CO, and usually repeated
2-3 times with a time interval of at
least 5 minutes between injections.
CO, angiograms were initially per-
formed in the anteroposterior posi-
tion. Additional CO, angiograms were
obtained with the side of the patient
ipsilateral to the renal artery being

studied elevated on a 45° wedge cush-
ion. Pressure gradients were mea-
sured in all patients to establish the
hemodynamic significance of the ste-
nosis. A systolic pressure gradient of
15 mm Hg or more was considered a
significant stenosis and treated ini-
tially with percutaneous transiuminal
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renal angloplasty (PTRA). If the pres-
sure gradient was still significant after
PTRA, a stent was inserted followed
by a pressure gradient measurement.
The serum creatinine conceniration
was measured the day before and 1
and 2 days and 2-3 weeks after the
procedure. During the first week after
the intervention, additional blood
samples of serum creatinine were
taken in patients who had increased
serum creatinine levels on day 1 or 2
after the procedure.

Calculation of Creatinine Clearance

The baseline creafinine clearance
(CrCl) was calculated with use of the
Cockrofi-Gault formula (14} based on
the serum creatinine concentration as
foilows:

Crllpermate = [(140 — age) X weight]/
{[serum creatinine]
CIClMaIe =12 X CrCIFumale

(To comvert sertun creatinine from
mg/dL to pmol/L multiply by 88.4)

Study Endpoints and Definitions

The participant criteria in the study
included patients referred for renal an-
giography investigation for suspected
renal artery stenosis during the period
of March 1999 to February 2001, The
exclusion criterla were age younger
than 15 years, complications, and re-
quirement of acute operation or rein-
tervention. In the randomized part of
the study, patients with baseline se-
rum crealinine levels greater than 200
pwmol/L were excluded. Study end-
points were serum. creatinine level and
CrCl 1 day, 2 days, and 2-3 weeks after
the intervention. Contrast medium-—
induced nephropathy was defined as an
increase in serum creatinine of more
than 25% during the first week after the
intervention if there was no other expla-
nation for renal failure {15).

Statistical Analysis

The repeated-measures data for se-
rum creatinine and CrCl at days T and
2 and at 2-3 weeks were analyzed
with use of mixed models as described
by Littell et al (16)}. As opposed fo
repeated measures analysis of vari-
ance, this approach allows measure-
ments within individual over time to

correlate freely. The baseline CrCl or
serwm creatinine level was used as a
covariate, The within-individual co-
variance matrix was left free in all
analyses.

Two different analyses of the data
were performed. In the first analysis,
based on the intent-to-treat principle
(17), data were modeled as a funchion
of treatment, time, baseline value, and
interactions between these variables,

Because most patients, including
those in the CO, group, actually re-
ceived some form of icdine injection, a
second analysis, based on the treat-
ment-received principle, was also
made. In this analysis, assignment fo
the iodine or CO, group was not used.
Instead, serum creatinine and CrCl
were modeled as a function of baseline
value (sertm creatinine and Cr(l level
before the procedure), time, amount of
iodine administered, and interactions
between these variables. This analysis
is valid if it can be assumed that the
way the loxaglate or CO, is adminis-
trated is unrelated to the outcome.
Values are presented as means = SD.
A P value <.05 was accepted as signif-
icant in all analyses.

RESULTS

A total of 137 patients were referred
for investigation. Ten patients were
excluded from the study from June 1,
2000, to August 15, 2000, because of
absence of the research nurse during
this period. Children younger than the
age of 15 years were excluded {n = 1).
Two patients required an emergency
operation after the angiography and
were excluded from the study. In one
case, occlusion of the vessel occurred
during the procedure, and in the sec-
ond case, the inserted stent slipped
away and had to be removed surgi-
cally. There were no postoperative
complications. One patient was ex-
cluded because the vessel ruptured; in
this case, angiography was repeated
the following day with insertion of a
covered stent.

In 83 of the 123 patients who under-
went renal angiography, a significant
hemodynamic stenosis (gradient >15
mm Hg) was found in the renal artery
{Table 1). In 42 of these 83 patients,
only PTRA was successfully per-
formed, whereas 41 patients were
treated with stent placement. A total
of 193 renal arteries were examined

with pressure measurements. The
pressure gradient in the vessels with a
significant stenosis (n = 87) was 85
mm Hg * 59, and the corresponding
gradient in the vessels without a ste-
nosis (n = 106) was 6 mm Hg * 12. A
total of 28 diabetic patients (14 in the
randomized groups and 14 in the
group with initial serum creatinine
level >200 mol/L) were studied. Sig-
nificant stenosis was found in 17 of the
28 patients with diabetes mellitus. In
the randomized groups, nine of the 14
diabetic patients had a significant
stenosis.

None of the groups showed a sta-
tistically significant change in mean
serum creatinine level 1 day, 2 days, or
2-3 weeks after the intervention com-
pared with the value before the inter-
vention {Fig 2). The amount of injected
CO, did not relate to an increase in
serum creatinine or estimated CrClL In
the intent-to-treat analysis, which was
based on the randomization of pa-
tients, there were no significant differ-
ences In mean serum creatinine and
Cr(i levels between the CQO, and io-
dine groups at day 1 or 2 or 2-3 weeks
after the procedure. One day and 2-3
weeks after the intervention, there was
no statistical relationship between the
amount of iodine injected and the
change in CrCl and serum creatinine
level. However, on day 2, the serum
creatinine and Cr(l showed a stalisti-
cally significant (P = .011) change with
increasing iodine doses in patients
with baseline serum creatinine levels
less than 200 wmol/L (le, randomized
patients). This was also true when the
whole patient sample was considered
{randomized patients and patients
with serum creatinine level >200
pmol/LY).

An increase in serum creatinine of
more than 25% after the intervention
was seen in 12 of 123 patients (30%;
five patients with baseline serum cre-
atinine level >200 pmol/L; two in the
CO, group and five in the iodinated
contrast medium group with baseline
serum creatinine level <200 pmol/L;
Tables 1,2). Of these 12 patients, seven
had an increase in serum creafinine
during the first 2 days after the inter-
vention and are therefore considered
to have experienced contrast medium-—
induced nephropathy. As a result of
the reiatively fast decrease in renal
function after the intervention, two pa-
tients were considered to be in need of
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Figure 2. Effects of renal angiography on mean serum creatinine levels. Bars indicate SD.

dialysis, both of whom had diabetes
melittus. One of these patients, who
had a duration of diabetes mellitus of
58 years, was randomized to receive
iodinated contrast medium. The pa-~
tient had a baseline serum creatinine
level of 188 umol/L, Cr(l of 29 mL/
min, and received 19 g iodine. A ste-
nosis was found and treated techni-
cally successfully with PTRA. The
serum creaiinine level increased to 236
pmol/L 2 days after the infervention
and the patient was considered in
need of dialysis. The other patient who
required dialysis had a baseline serum
creatinine level of 369 umol /L, CrCl of
18 mL/min, and received 100 mL CO,
and 6 g iodine. A stenosis was found
and treated technically successfully
with PTRA. The serum creatinine level
increased to 404 wmol/L 2 days after
intervention. 5ix days after interven-
tion, the serum creatinine level had
increased to 477 pmol/L and the pa-
tient was considered to be in need of
dialysis. This patient had a duration of
diabetes of 2 years.

As demonstrated in Figure 3, in the
randomized groups, three of the four
patients who developed an increase in
serum creatinine of more than 25%
within 2 days after the intervention
had an estimated baseline CrCl of less
than 40 mL/min. When the patients

with baseline serum creatinine levels
greater than 200 umol/L were also
considered, six of the seven patients
with an increase of more than 25% in
seriun creatinine level had an esti-
mated baseline Cr(Cl of less than 40
ml/min. These six patients received
an average of 18 g iodine (range, 6-50
g). The only patient with a baseline
CrCl greater than 40 ml./min who had
an increase in serum creafinine of
more than 25% was randomized to the
iodine group and received 50 g of ic-
dine and stent implantation. The se-
rum creatinine level increased to 135
umol/L, on the second day and was
back to normal 3-3 weeks after the
intervention (Table 2).

Thirteen of 78 patients who re-
ceived CO, reported nausea, com-
pared with one of the 45 patients in-
jected with jodinated contrast medium
only. Five patients who received CO,
vomited, compared with none of those
given only iodinated contrast me-
dium. Two of the 123 patients devel-
oped hypotension, both of whom re-
ceived CO, and iodine.

DISCUSSION

The present study focused on the
effect on renal function after adminis-
tration of CO, compared with low-os-

molar jodinated contrast medium.
When comparing the group of patients
with a baseline serum creatinine level
of less than 200 pmol/L who received
iodinated contrast mediwumn alone with
the group who primarily received CO,
with small amounts of iodinated con-
trast medium added, no significant
difference in the influence of contrast
medium on renal function was found.
However, the results show that the
farger amount of injected iodine con-
trast medium, the higher the risk of
developing contrast medium—induced
nephropathy. In addition, patients at
the highest risk for developing con-
trast medium~induced nephropathy
were patients with a CrCl less than 40
mL/min before intervention (4). Sur-
prisingly small amounts of injected io-
dine {<<10 g) resulted in reduced renal
function in these patients. The possi-
bility of embolization during interven-
tion as an explanation for a reduced
renal function can not be ruled out in
some patients. Two days after the in-
tervention, serum creatinine showed a
significant change (P = 011) with in-
creasing amounts of iodinated con-
trast medium. This finding is in line
with the clinical observation that the
serum creatinine levels increase 2 days
after the intervention and usually re-
turn to baseline values after 7-10 days
(18).

The results of the present study
confirm previous investigations (4,12)
by showing that the amount of iodine
is of importance for the development
of contrast medivm-induced ne-
phropathy in patients with compro-
mised renal function. In our study, six
of the seven patients who showed an
increase of more than 25% in serum
creatinine during the first week after
the intervention had a baseline CrCl of
less than 40 mL/min (Fig 3). Although
the number of patients was reasonably
high, we were not able to show a sig-
nificant difference in renal function
between the CO, group and the group
of patients who received todinated
contrast medium. However, no power
calculation was performed before the
investigation, and the failure to show a
correlation can be a result of the num-
ber of patients.

With modern digital subtraction
angiographic equipment, CO; is an al-
ternative to iodinated contrast me-
dium for obtaining a vascular image,
but injection of CO, causes signifi-
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cantly less attenuation differences
compared with regular iodinated con-
trast medium. In renal interventions,
the amount of iodinated contrast me-
dium can be considerably reduced
with combined use of pressure gradi-
ent measurements and CO, injections.
A drawback with the preseni study is
that it was not possible fo totally ex-
clude the use of iodinated contrast me-
dium in the randomized CO, group.
CQ, alone was not sufficient to visu-
alize the small and narrow vessels,
and in patients in whom the investiga-
tion had a therapeutic aim, it was of
major importance that PTRA and stent
placement could be performed opti-
mally, Small amounts of iodinated
contrast medium were therefore
added. Addition of iodinated contrast
medium to cbtain adequate visualiza-
tion has been reported in previous
studies (19-22).

The equiattenmating concentration
{ie, concentration to achieve similar
contrast effects) and dose of iodinated
contrast medium compared with CO,
is approximately 30 mgl/mk (23). De-
spite this, previous studies compar-
ing the risk of developing contrast
medium-induced nephropathy after
iodinated contrast medium and CO,
angiography have used the ordinary
conceniration of iodinated contrast

medium 200-300 mgl/mL). It would
be more logical to compare the risk
after administration of equiattenuat-
ing concentrations. To achieve the
same attenuation as with CO,, the nor-
mal iodinated contrast medium (200
mgl/ml) could be diluted at approx-
imately a 1.7 ratio to 32 mgl/ml.
Recently, gadolinium-based contrast
agents have also been used in patients
to aveid contrast medium~induced
nephropathy (24-27). The image qual-
ity with gadolinium contrast agents is
consistently inferior to that of regular
iodinated contrast medium, but is bek
ter than CC, image quality. Adverse
effects on renal function (28) and acute
renal failure have also been reported
after injection of gadolinium (23,29},
Besides the lower nephrotoxic effects
of CO,, other advantages of CO, gas
are that it can be used in patients who
are allergic to iodinated contrast me-
dium and is inekpensive, Aspelin et al
{15) recently reported that the non-
ionjc dimer iodixanol showed sig-
nificantly less incidence of contrast
medium—-induced nephropathy com-
pared with nonionic iohexol. The rea-
son for this advantage for the nonicnic
high-viscosity dimer iodixanol is not
clear; however, the isoosmolarity of
the compound may be of importance.
Angiography with €O, is not with-

out complications. Spinosa et al (30)
reported transient mesenteric isch-
emia in a 62-year-old woman after
CO, angiography and dilation of an
iliac artery stenosis. They also found
that the serum creatinine level in-
creased from 575 umol/L to 689
pmol/L and did not return o baseline
level until 5 days after the 'mterven«
tion. Their explanation was a “vapor
lock” of the CO, gas {ie, trapping)
causing an obstruction. In our study,
several patients had nephrosclerosis.
In such patients, sudden changes in
vessel caliber are offen seen, with very
narrow parts in distal vessels, which
might increase the risk for gas trap-
ping. Another plausible explanation
for a decrease in renal function after
CO, angiography may be emboliza-
tion of smail plaques during the inva-
sive procedure. A fatal incident after
CO, angiography was reported by
Rundback et al (19). In the study by
Elrman et al (31), the use of CO, o
evaluate artericvenous fistulas caused
"neurclogic sequelae” in five patients.
Culp et al (32) have reported that in-
jections of CO, during diastole in the
descending aorta in pigs can pass into
the coronary arteries and cause ar-
rhythmias. No arthythmias were
found in our study, and we believe it
is unlikely that injections of C(, be-
low the diaphragm would result in
retrograde filling of the coronary
arteries.

Minor complications were more
frequent after injection of CO, than
after iodinated contrast medium. One
patient reported nausea after receiving
iodinated contrast medium, but 13 re-
ported nausea after the initial CQ, in-
jection. Five of the patients vomited
after CO, injection; none did in the
iodine group. Although reversible,
nausea is a practical disturbance dur-
ing the investigation. In the study by
Beese et al (22), three of 47 patients
had severe nausea and abdominal
pain after CO, injection and 10 pa-
tients reported minor symptoms in-
cluding abdominal, buttock, and foot
pain.

In an experimental study in dogs
{8), a 12% decrease in renal blood flow
was noted immediately after injection
of CO,. The flow returned to normal
after 24 hours. In two of nine dogs,
who received an amount of CO, much
higher than would be used in clinical
practice, there were histologic findings
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of acute tubular necrosis, and vacuol-
ization of the epithelium was seen in
one dog. These observations were
made in dogs whose kidneys had been
positioned vertically,

In our study, randomization re-
sulted in a significantly uneven distri-
bution of diabetic patients between the
groups, as there were four diabetic pa-
tients in the iodine group and 10 in the
CO, group. This uneven distribution
of diabetic patients conferred an ad-
vantage for the group receiving only
iodinated contrast medium when in-
terpreting the results.

The explanation for the acute ne-
phropathy after administration of io-
dinated contrast medium is not clear.
Several mechanisms have been sug-
gested. Recent studies (33-38) have fo-
cused on the effect of a decrease in
oxygen tension in the renal medulla
after injection of iodinated contrast
medium. Other suggested explanations
for contrast medinm-induced nephrop-
athy are an increase in intrarenal pres-
sure {3940); effects on red blocd cell
aggregation (41,42); increases in calcium
(43}, adenosine (44,45), and endothelin
concentrations (46); and decreased pro-
duction of nitric oxide (47).

We conclude that, in patients with
serum creatinine levels less than 200
wmol/L, CO, does not affect the se-
rum <reatinine level, Our results show
a correlation between the amount of
irjected iodine and the risk of devel-
oping contrast medium-induced ne-
phropathy. In addition, in patients
with an estimated CrCl less than 40
mL/min before intervention, the risk
of developing contrast medium-ind-
uced nephropathy was evident al-
ready at low levels of injected jodine.
Therefore, we recommend the use of
the Cockroft-Gault formula for calcu-
lating the CrCl to identify the patients
at risk for developing contrast mediu-
m~induced nephropathy. In patients
with a decrease in renal function, ev-
ery means should be taken to reduce
the amount of injected iodine, such as
CO, angiography and dilution of the
contrast media.
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