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Contrast-induced nephropathy (CIN) is a postprocedural rise in 
creatinine of >25% above the baseline.1 CIN is a well-recognized 
complication of diagnostic angiography or percutaneous and cor-
onary interventions, and it can increase not only morbidity and 
mortality rates but also healthcare costs.1,2 The prevalence of CIN 
is reported to range between 1% and 45% according to comorbid-
ities in various populations and different definitions in studies.3 
CIN is among the most common etiologies of hospital-acquired 
renal insufficiency,4 with high in-hospital and 12-month direct 

healthcare costs.5 Indeed, CIN increases in-hospital mortality (odds 
ratio, 5.5), with 1-year mortality rising among patients whether 
they require dialysis or not (45.2% and 35.4%, respectively).6 

CIN usually occurs within 24 to 72 hours after the adminis-
tration of the iodinated contrast agent (ICA).7 Conditions such as 
chronic kidney disease, diabetes, congestive heart failure, anemia, 
increased age, cirrhosis, non-steroidal anti-inflammatory drug 
or diuretic consumption, proteinuria, dehydration, peripheral 
artery disease, and hypertension could increase the risk of CIN.8,9 

Abstract
Background. This randomized, controlled trial was designed to compare the rate of postangiographic contrast-induced ne-
phropathy (CIN) between the intra-arterial injections of carbon dioxide (CO2) and the iodinated contrast agent (ICA). The study 
population was chosen to investigate the direct toxicity of the ICA while eliminating the role of catheter manipulation and the 
resultant microembolization as a confounding cause of CIN. Methods. Candidates for lower-limb endovascular procedures 
with a baseline glomerular filtration rate exceeding 30 mL/min/1.73 m² were randomized into CO2 and ICA angiography groups. 
The primary endpoint of this study was the occurrence of CIN, defined as an elevation in baseline serum creatinine exceeding 
25% or 0.5 mg/dL within 72 hours after the procedure. Results. The study population comprised 110 patients: 57 in the ICA 
group and 53 in the CO2 group. The incidence of CIN was significant in the ICA group compared with the CO2 group (13 [22.8%] 
vs 4 [7.5%], respectively; P=.03). Our multivariate regression analysis determined ICA volume to be a significant predictor of 
CIN. Conclusion. In the present study, which was performed on patients undergoing lower-limb endovascular procedures with 
mild-to-moderate renal dysfunction, CO2 angiography decreased CIN incidence. The ICA volume was an important predictor 
of CIN in the absence of microembolization.
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The plausible mechanisms of CIN include the direct toxicity of 
the ICA on nephrons and catheter manipulations in the arterial 
system upstream from the renal arteries, causing microembolic 
showers into the renal arteries.8-13 The cited etiologies are bol-
stered by reports of higher rates of CIN in patients who undergo 
intra-arterial ICA injection or angiography via femoral access, in 
which the risk of CIN increases due to catheter manipulation.12,14 
Theoretically, carbon dioxide (CO2) does not cause renal toxicity 
directly; hence, the increasing popularity of CO2 use as an alter-
native to the ICA in diagnostic and endovascular procedures in 
both venous and arterial systems below the diaphragm.15,16 In 
the present study, we sought to compare intra-arterial CO2 and 
ICA injections in terms of their effects on the incidence of CIN 
in patients undergoing infrainguinal endovascular procedures.

Methods

Study design. The present study is a single-center, open-label, 
parallel, randomized controlled trial. The participants were 
randomly assigned to 2 contrast-type groups: CO2 and the ICA. 
Randomization was performed with a web-based system via 
the simple random sampling method and allocation sequence 
concealment. All the patients provided written informed consent, 
and the study protocol complied with the Declaration of Helsin-
ki. The study was approved by the ethics committee of Rajaie 
Cardiovascular Medical and Research Center (Ethic ID: IR.RHC.
REC.1398.055), and it was registered in the Iranian Registry of 
Clinical Trials (IRCT 20191107045359N1).

Study population. All candidates for peripheral lower-limb 
angiography older than 18 years of age and with a baseline glo-
merular filtration rate (GFR) of >30 mL/min/1.73 m² based on 
the Modification of Diet in Renal Disease (MDRD) equation were 
considered eligible for recruitment in the study. The exclusion 
criteria were a history of contrast exposure in the preceding 30 
days, heart or kidney transplantation, proteinuria, or cirrhosis; 
chronic hemodialysis fluctuations in serum creatinine levels ex-
ceeding 15% in the preceding 2 days; the presence of intracardiac 
shunts; and the need for catheterization higher than the renal 
arteries including antegrade upper limb access (radial or brachial 
arteries). For the prevention of confounding effects, patients 
allocated to the CO2 group who might need the administration 
of >20 mL of the ICA based on the results of a previous study17 
were also excluded from this study. 

Study interventions. According to the contrast medium selected 
for the procedure, the study patients were randomized into a 
CO2 group and an ICA group. A low-osmolar ICA diluted at a 
minimum 1:3 ratio was used for the current study. Automated 
injection (Angiodroid SRL) was employed for CO2 angiography. The 
preprocedural work-up included thorough clinical examination, 
complete blood count, and baseline biochemical examination 

(the levels of  blood urea nitrogen, serum creatinine, blood 
glucose, sodium, and potassium, as well as the prothrombin 
time). A unified protocol was drawn upon for hydration in both 
groups. Both groups were hydrated based on the left ventricular 
ejection fraction (LVEF) in the period starting 12 hours before 
and 6 hours after the procedure. Intravenous saline (0.9%) 
was administered at a rate of 1 mL/kg/h to patients with LVEFs 
>30% and at a rate of 0.5 mL/kg/h to those with LVEFs ≤30%. 
All procedures were performed below the renal arteries via 
lower-limb access sites, including retrograde common femoral 
access with the conversion potential to crossover access for 
angiography or endovascular management on the contralateral 
limbs, antegrade femoral access, retrograde pedal access, and 
popliteal access. For the prevention of microembolic showers 
in the renal arteries during the crossover technique, special 
measures were taken to maintain catheters and sheets below 
the renal arteries. Both ICA and CO2 angiography procedures 
were performed under mild sedation. Blood urea nitrogen and 
serum creatinine were measured 72 hours after the procedure.

Study endpoints. The primary endpoint of this study was the 
occurrence of CIN, defined as a rise in baseline serum creatinine 
exceeding 25% or 0.5 mg/dL within 72 hours after the procedure. 
The secondary endpoint was death or the need for kidney re-
placement therapy during a 1-month follow-up period. Limb or 
abdominal pain due to CO2 injection was also recorded.   

Statistical analysis. The fitness of interval variables to normal 
distribution was assessed via the 1-sample Kolmogorov–Smirn-
ov test. The data were described as mean ± standard deviation 
for continuous variables and as frequencies (percentages) for 
nominal variables. Comparisons between the 2 study groups 
were performed using the independent sample t-test for inter-
val variables and the Pearson Chi-square or Fisher’s exact test 
for categorical variables. A multivariate analysis was applied 
through a binary logistic regression model to investigate the 
adjusted association between CIN and the intra-arterial injection 
of CO2 or the ICA. A P-value of <.05 was considered statistically 
significant. The statistical analyses were performed with IBM 
SPSS Statistics, version 22, for Windows (IBM, Inc).

Results

The study population comprised 110 patients who were 
randomly divided into the ICA group (n = 57) and the CO2 
group (n = 53). The participants’ demographic, clinical, and 
procedural characteristics are summarized in Table 1. Except 
for baseline creatinine, which was significantly higher in the 
CO2 group (1.46 ± 0.45 mg/dL vs 1.13 ± 0.28 mg/dL; P<.01), and 
also the baseline GFR, which was significantly lower in the 
CO2 group (60.86 ± 22.01 mL/min/1.73 m2 vs 74.7 ± 23.62 mL/
min/1.73 m2; P<.01), the other variables were not significantly 
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different between the 2 study groups. Diagnostic-only angi-
ography was performed in 32 patients (29.0%) and diagnostic 
and endovascular procedures were performed in 78 patients 
(70.0%). Aortoiliac, femoropopliteal, and infrapopliteal endo-
vascular procedures were performed in 15 (13.6%), 31 (28.1%), 
and 32 (29.0%) of the remaining population, respectively. All 
of the procedures were successful, without any major vascular 
or allergic contrast-medium related complications. In the CO2 

group, 12 patients (22.64%) experienced mild self-limiting 
lower-limb pain. The mean volume of the iodinated contrast 
medium was 11.35 ± 6.09 mL in the CO2 group and 93.15± 43.01 
mL in the ICA group. 

The incidence of CIN, as the primary endpoint, was higher 
in the ICA group than in the CO2 group (13 [22.8%] vs 4 [7.5%]; 
P=.03) (Figure 1). The differences in terms of GFR and creatinine 
between the groups are summarized in Table 2. None of the 
patients in the 2 groups required hemodialysis. The incidence 
of CIN was correlated with a higher contrast volume. The mean 
ICA dose in patients without CIN was 44.54 ± 41.14 mL vs 100.88 
± 65.34 mL in those who developed CIN (P<.01). There were no 
deaths or need for renal replacement therapy during the 1-month 
follow-up, as the secondary endpoint.

The multivariate logistic regression model, after adjustments 
for the baseline creatinine level and other factors, showed that 
whereas no significant associations existed between CO2 treat-
ment and CIN incidence, there was a weak positive association 
between the volume of the iodinated contrast medium and CIN. 
The association between age and CIN, albeit non-significant, was 
considerable (Figure 2).

Discussion

To investigate the potential role of different confounding 
factors vis-à-vis CIN after invasive angiography, given the 
paucity of randomized controlled trials on the pathophysiology 
of CIN and the role of potential confounding factors such as 
catheter manipulation, we designed the present randomized 
controlled trial and assessed the effects of CO2 in comparison 
with ICA in patients with mild-to-moderate renal impairment 

Figure 1. The bar chart depicts a comparison of the incidence of contrast-in-
duced nephropathy (CIN) between the iodine contrast agent (ICA) group 
and the carbon dioxide (CO2) group.

Table 1. Comparison of the participants’ characteristics between the 2 study groups.

Characteristics Iodine Contrast (n = 57) Carbon Dioxide (n = 53) P-Value

Female patients 11 (19.3%) 13 (24.5%) .83

Age (years) 63.28 ± 11.74 62.50 ± 8.44 .69

Body mass index (kg/m2) 29.21 ± 2.29 29.86 ± 2.03 .10

Diabetes mellitus 23 (40.4%) 27 (50.7%) .34

Dyslipidemia 15 (26.3%) 16 (30.2%) .68

Cigarette smoking 36 (63.2%) 37 (69.8%) .56

Ejection fraction (≤30%) 3 (5.3%) 1 (1.9%) .62

Baseline glomerular filtration rate (mL/min) 74.7 ± 23.62 60.86 ± 22.01 <.01

Baseline creatinine (mg/dL) 1.13 ± 0.28 1.46 ± 0.45 <.01

Complaint at admission

.42   Claudication 41 (71.92%) 40 (75.47%)

   Critical limb ischemia 16 (28.08%) 13 (14.53%)

Data presented as mean ± standard deviation or counts (percentages).
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undergoing lower-limb peripheral angiography. Our inclusion 
criteria ensured the presence of the fewest confounding factors. 
For instance, the study population consisted of patients with 
non-severe chronic kidney disease to lessen the role of renal 
dysfunction. Additionally, lower-limb angiography/angioplasty 
was chosen to omit the role of catheter manipulation higher 
than the renal arteries and the resultant distal embolization. 
Our results revealed a lower rate of CIN in the CO2 group than 
in the ICA group (13 [22.8%] vs 4 [7.5%], respectively; P=.03). 
Importantly, the volume of  the contrast medium compared 
with baseline GFR was an important predictor of CIN, even in 
a setting where the potential roles of catheter manipulation 

and microembolization were eliminated.18 Although weak, this 
effect persisted after the multivariate analysis.

CIN is a generally uncommon but potentially devastating 
complication with significant morbidity and mortality.19 In 
a previous study, CIN increased in-hospital mortality on av-
erage by 5.5-fold, with the rise persisting during a long-term 
follow-up.4 Despite a significant rise in mortality in patients 
requiring dialysis, the impact of CIN on the population without 
the need for renal replacement therapy is also considerable. A 
previous investigation reported the occurrence of this rise in 
the mortality rate regardless of baseline creatinine.20 Research 
has shown that the incidence of CIN varies according to patients’ 

Table 2. Creatinine and glomerular filtration rate alterations during the first 72 hours post procedure.

Iodine Contrast Carbon Dioxide P-Value

Absolute creatinine change 0.0561 -0.1094 <.01

Perceptual/relative change (%) 7.5292 -6.5700 <.001

Absolute glomerular filtration rate change -5.3018 4.6170 <.001

Perceptual/relative glomerular filtration rate change (%) -3.5592 9.3129 <.001

Figure 2. The image presents the results of the multivariate logistic regression model for adjusted associations between the study variables and the 
incidence of contrast-induced nephropathy. Data presented as odds ratio (95% confidence interval).

Age

Diabetes mellitus

Smoking

Male gender

Hyperlipidemia

Ejection fraction

Contrast media (V)

Baseline creatinine

0.97 (0.91-1.03)

1.38 (0.39-4.90)

0.97 (0.23-4.09)

2.09 (0.40-11.03)

2.22 (0.58-8.47)

0.55 (0.13-2.42)

1.02 (1.00-1.05)

0.56 (0.08-3.93)
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comorbidities and procedural settings,3 but it persists as one of 
the most common etiologies of acquired in-hospital acute renal 
failure.4 The average in-hospital and 1-year cost of CIN was 
reported to have increased by $10,345 and $11,812, respectively, 
which underscores the economic burden of the complication.5 
The results of a prior study showed that in patients complicated 
by CIN, compared with an uncomplicated population, hospital 
stay was lengthened irrespective of previous renal function (6.8 ± 
7.1 days vs 2.3 ± 2.5 days in patients with previous kidney disease 
and 3.6 ± 5.1 days vs 1.8 ± 2.4 days in patients without kidney 
disease).6 Patients suffering from peripheral artery disease and 
comorbidities, such as chronic kidney disease, diabetes mellitus, 
hypertension, and heart failure, as well as older age, are at a 
higher risk of CIN.21,22 The roles of preventive measures such as 
hydration,23 adjunctive therapies (eg, statin, N-acetylcysteine, 
and sodium bicarbonate),24 and sophisticated methods like left 
ventricular end-diastolic pressure-guided hydration25 are still 
controversial. The current medical armamentarium lacks a defini-
tive treatment for this complication and the suggested preventive 
measures are controversial; hence, the significance of having a 
clear pathophysiological picture of CIN. The pathophysiology 
of CIN encompasses various factors, such as direct cytotoxic 
effects and the related acute sustained vasoconstriction, unstable 
hemodynamics, autocrine and paracrine factors, hypoxia, and 
direct tubular endothelial injury with reactive oxygen species.26,27 
Catheter manipulation and the ensuing microembolic showers 
through the kidney circulation are also deemed a potential cause 
of CIN.12,14 Notably, chronic kidney disease (estimated GFR <60 
mL/min/1.73 m²) is regarded as an important predictor of CIN.12,26 

There is a dearth of data in the existing literature on the 
mechanism of  increased CIN incidence after intra-arterial 
ICA injection, especially in studies with a robust setting (ie, 
randomized controlled trials). Furthermore, due heed should 
be paid to microembolic showers on the distal vascular bed 
(including the renal arteries) following the manipulation of the 
descending aorta during catheterization. Therefore, we sought 
to assess the effects of the intra-arterial injection of the ICA in 
comparison with CO2 on renal function and CIN incidence after 
endovascular procedures carried out below the origin of the 
renal arteries on the lower-limb vascular system. The benefits 
of CO2 over ICA as the contrast medium for arteriography have 
been demonstrated in previous studies.18,27,28 Nonetheless, the 
use and benefits of  CO2 as the routine contrast medium for 
peripheral and aortic arteriography constitute a new emerging 
topic.24 No randomized studies have hitherto evaluated the 
effects of ICA compared with CO2 on lower-limb angiographic 
procedures. Liss et al examined the role of  CO2 angiography 
in comparison with conventional angiography in patients 
who underwent renovascular intervention. Patients with a 
serum creatinine concentration of <200 mol/L (n = 82) were 
randomized prospectively to receive CO2 with small added 

amounts of  ioxaglaten (n = 37) or only ioxaglate (n = 45). 
The authors concluded that the amount of  ICA significantly 
correlated with a higher risk of CIN (P=.01) and reported that 
the risk of  CIN was higher among patients with a baseline 
GFR of <40 mL/min.29 We showed a significantly higher rate 
of CIN in patients allocated to the ICA group vs the CO2 group 
(13 [22.8%] vs 4 [7.5%], respectively; P=03). 

In the current study, 7.5% of the patients assigned to CO2 
angiography were complicated by CIN, which is in accordance 
with the results of previous investigations, although the exact 
etiology of this observation has yet to be elucidated. Among the 
authors reporting a similar finding, Moos et al30 reported a 0.5 
mg/dL increase in the serum creatinine level and Fujihara et al17 
reported an incidence rate of 5.1% for CIN. 

The recent advent of automated CO2 injectors and improved 
image processing with the resulting better image quality have 
somewhat assuaged previous concerns regarding the probable 
incidence of CO2 injection complications, such as explosive gas 
delivery and gas embolization.26,31 In our study, except for mild 
self-limiting lower-limb and hypogastric pain, no CO2-related 
complications occurred. 

Study limitations. The results of the current investigation should 
be interpreted in light of the following limitations. First, the 
complete difference both in equipment for CO2 and ICA injection 
and in imaging protocols concerning digital subtraction angiog-
raphy precluded a blinded design. Second, despite our random 
assignment of the study population to CO2 or ICA groups, the 
baseline creatinine level was higher in the CO2 group. However, 
the final rate of CIN was significantly lower in the mentioned 
group, and importantly, baseline creatinine was not a significant 
predictor of the risk of CIN in our multivariate analysis. Third, 
we did not compare x-ray exposure time between our 2 study 
groups. Finally, our results would have been bolstered had we 
evaluated the long-term impact of CIN on patient survival and 
the related economic burden.

Conclusion

Patients with critical limb ischemia develop various co-
morbidities, which are likely to be increased by renal function 
aggravation. According to the results of the present study, CO2 
angiography was associated with a lower risk of CIN than ICA 
angiography in a patient cohort with mild-to-moderate renal 
dysfunction undergoing endovascular procedures. The ICA 
volume was still an important predictor of CIN in our patients 
with the lowest risk of microembolization due to catheter ma-
nipulation. Consequently, contrast-free angiography, even in 
patients with less severe forms of renal dysfunction, could be 
potentially beneficial, although larger investigations are required 
to confirm this strategy. 
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