

[image: image1]
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Objective: Among the various risk factors associated with contrast-induced acute kidney injury (CI-AKI), the importance of osmolality and viscosity is emerging among the characteristics of contrast media (CM) itself. High osmolality CM (HOCM) is deprecated and low osmotic pressure (LOCM) and iso-osmotic pressure (IOCM) are mainly used in clinical situations where the results of studies on their effect on the development of CI-AKI are contradictory. We evaluated the association between the type of CM and the risk of CI-AKI.

Materials and Methods: A retrospective observational cohort study to analyze the effect of the type of CM on the development of CI-AKI. Using propensity score (PS) matching, 2,263 LOCM and IOCM groups were paired for analysis from 5,267 patients and fulfilled the inclusion criteria among 12,742 patients who underwent CAG between 1 January 2007, and 31 December 2016. LOCM included iopromide and iopamidol, IOCM was iodixanol. CI-AKI, which was the primary endpoint, was defined based on the Kidney Disease Improving Global Outcomes criteria within 48 h after exposure to the CM. A multivariable logistic regression analysis was used in the unmatched and matched cohorts, respectively. In addition, a stratified model on clinically important variables, including a high Mehran score (≥ 6), was also used in the matched cohort.

Results: LOCM users showed an increased incidence of CI-AKI (11.7% vs. 9.3%; p = 0.006), but it lost statistical significance after PS matching (9.9% vs. 9.5%, p = 0.725). In multivariable analyses, the adjusted odds ratio for CI-AKI in the LOCM group were 1.059 [95% confidence interval (CI) = 0.875–1.282; p = 0.555] in unmatched cohort and 0.987 (95% CI = 0.803–1.214; p = 0.901) in matched cohort. These results were also consistent with the high-risk (high Mehran score) group.

Conclusions: Although the role of CM types in the development of CI-AKI has been debated, our observation shows that the selection between LOCM and IOCM during CAG has no influence on the incidence of CI-AKI.
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INTRODUCTION

Contrast-induced acute kidney injury (CI-AKI) is an acute impairment of renal function after administration of intravascular iodine contrast media (CM) without other causes. CI-AKI is the third most common cause of in-hospital AKI (1), and has been related to an increase in mortality, long-term loss of kidney function, and need for renal replacement therapy (2, 3).

The risk of CI-AKI is affected by the patient- and procedure-related factors and the most important factor of CI-AKI is pre-existing renal impairment (4, 5). Among procedure-related factors, one of the modifiable risk factors is the characteristic of CM. Although the pathophysiology of CI-AKI has not been fully understood, many studies suggested that the characteristics of CM may play an important role in the occurrence of CI-AKI (4, 6). In particular, in terms of osmolality, previous studies have shown that high-osmolar CM (HOCM) is associated with an increased risk of CI-AKI than low-osmolar CM (LOCM) (7). Since then, iso-osmolar CM (IOCM), which is characterized by iso-tonicity with human plasma, had developed. Because initial studies showed that IOCM had less nephrotoxicity than LOCM (8, 9), the use of IOCM was expected to reduce the incidence of CI-AKI. However, these were small-sized studies and follow-up studies showed different results. There is no consensus on whether LOCM has more nephrotoxicity than IOCM as well as no large-scale study about this. Therefore, we analyzed the difference between LOCM and IOCM in the development of CI-AKI among patients who underwent diagnostic or interventional coronary catheterization procedures.



MATERIALS AND METHODS


Study Design and Participants

We conducted a retrospective propensity score (PS)-matched study at a single center to analyze the difference between LOCM and IOCM in the development of CI-AKI. All patients who underwent coronary angiography (CAG) or percutaneous coronary intervention (PCI) between 1 January 2007, and 31 December 2016, were screened for eligibility for the study. The total number of screened patients was 12,742 and 7,475 patients had been excluded based on the following exclusion criteria: (1) patients without pre- and post-procedural laboratory findings (n = 6,141), (2) patients exposed to CM within 7 days before or 3 days after the procedure (n = 963), (3) patients with receiving dialysis before study entry (n = 301), (4) patients without data for the type of CM (n = 70). Therefore, 5,267 patients were included in the final analysis (Figure 1).


[image: Figure 1]
FIGURE 1. Cohort formation. CAG, coronary angiography; PCI, percutaneous coronary intervention; LOCM, low-osmolar contrast media; IOCM, iso-osmolar contrast media.


This study was approved by the Institutional Review Board of Gachon University Gil Medical Center (GCIRB2019-248). Because this study did not involve any further intervention in the retrospective analysis, the need for obtaining consent was waived by the IRB of Gachon University Gil Medical Center. All methods were performed as per relevant guidelines and regulations.



Covariates

The patients' demographic, clinical, and laboratory data were obtained from electronic medical records. Demographic data included age, sex, body mass index (BMI), smoking status, comorbidities [diabetes, hypertension, and history of congestive heart failure (CHF)], and preprocedural prescript medication [renin-angiotensin-aldosterone system (RAAS) blockers [angiotensin-converting enzyme inhibitors (ACEi) or angiotensin receptor blockers (ARB)], beta-blockers, calcium channel blockers (CCB), diuretics, and statins]. We also collected the patients' clinical information about left ventricular ejection fraction (LVEF), left ventricular mass index (LVMI), blood pressure (BP) at the time of CAG, presence of multivessel disease, and the type and amount of contrast media used. Hypertension was defined as a documented blood pressure ≥ 140/90 mmHg or using anti-hypertensive medications. History of CHF or LVEF ≤40% on echocardiography was considered as heart failure.

Laboratory data included serum creatinine levels before and after CAG or PCI, as well as hemoglobin, albumin, cholesterol, triglyceride, high-density lipoprotein (HDL) cholesterol, and low-density lipoprotein (LDL) cholesterol levels at hospital admission. We calculated the estimated glomerular filtration rate (eGFR) using the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) equation. Chronic kidney disease (CKD) was defined as either eGFR ≤60 ml/min/1.73 m2, proteinuria (defined as trace or greater by dipstick), or both on at least 2 occasions ≥ 3 months apart.

The Mehran CI-AKI risk scores were calculated for each patient from the corresponding scores for the 8 prognostic variables suggested in the previous report (10).



Coronary Intervention and Contrast Media

Each patient followed the principle of hydration with isotonic saline for 12 h before and after exposure to CM, and the amount and rate were adjusted by the clinician according to the patient's tolerance. Each patient underwent CAG from the arterial access of either the femoral or radial arteries. The number of diseased coronary arteries was categorized as per the American Heart Association classifications. For significant stenotic coronary lesions, PCI was performed with a balloon catheter or stent.

The non-ionic monomeric LOCM, namely iopromide (774 mOsm/kg) or iopamidol (800 mOsm/kg), was used in 54.2% of the total patients. The others have used the non-ionic dimeric IOCM, iodixanol (290 mOsm/kg) for coronary catheterization.



Primary Endpoint

The primary endpoint was CI-AKI defined as Kidney Disease Improving Global Outcome (KDIGO) criteria, an absolute increase of serum creatinine level ≥ 0.3 mg/dl or relative increase ≥ 50% from baseline creatinine level within 48 h after exposure to the CM.



Statistical Analysis

Because the study was a retrospective observational study, we used the PS matching analysis to control any potential confounding and selection bias. A multivariable logistic regression analysis model was generated to predict the probability that LOCM would be administrated for the given covariates: age; sex; BMI; diabetes; hypertension; smoking status; CHF; baseline levels of eGFR, hemoglobin, albumin, cholesterol, triglycerides, HDL cholesterol, and LDL cholesterol; use of RAAS blockers, beta-blockers, CCBs, diuretics and statins; LVEF; LVMI; blood pressure; amount of CM used; presence of multivessel disease; PCI; and Mehran score. According to these covariates, a PS was calculated for each patient. And we used the derived PS values to match 2,263 IOCM users with LOCM users at a ratio of 1:1 using the nearest neighbor with calipers method (caliper = 0.1). After all PS matches were performed, we conducted the balance test in baseline covariates using the standardized mean difference, paired t-test, and McNemar's tests for continuous variables and categorical variables, respectively.

All continuous and categorical variables were expressed as the mean ± standard deviation and absolute counts with percentages, respectively. Before PS matching, continuous variables were compared by t-test and categorical variables were compared by the χ2 test. To determine independent risk factors for CI-AKI, a multivariable logistic regression analysis was used in the unmatched cohort and matched cohort, respectively. A logistic regression model stratified on clinically important variables, including a high Mehran score (≥6), was also used in the matched cohort. All statistical analyses were performed using R software, version 4.1.0 with packages (The Comprehensive R Archive Network: http://cran.r-project.org). Statistical significance was defined as p < 0.05.




RESULTS

The baseline characteristics of the study population are summarized in Table 1. The patients who were used LOCM were more likely to be male than the patients who were used IOCM. These patients were more likely to have diabetes, previous CHF, multivessel disease, low hemoglobin, high albumin, and were more likely to have prescribed peri-procedural medications (RAAS blockers, beta-blockers, CCBs, and diuretics). The BMI and cholesterol, triglyceride, and HDL- and LDL-cholesterol levels did not vary significantly between the two groups.


Table 1. Baseline characteristics of the study participants.
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A total of 2,263 patients of the LOCM group were successfully matched to patients of the IOCM group (Figure 1). After PS matching, there were no statistically significant clinical differences between the LOCM users and IOCM users (Table 1). The LOCM users showed an increased incidence of CI-AKI (11.7% vs. 9.3%; p = 0.006), but it lost statistical significance after PS matching (9.9% vs. 9.5%, p = 0.725; Figure 2).


[image: Figure 2]
FIGURE 2. Incidence of contrast-induced acute kidney injury (CI-AKI) before and after propensity score (PS) matching in low-osmolar contrast media (LOCM) users (gray column) and iso-osmolar contrast media (IOCM) users (white column). The incidence of CI-AKI was not significantly different between the LOCM users and IOCM users after PS matching (9.9% vs. 9.5%; p = 0.725).


We performed logistic regression analyses to evaluate the type of CM as a risk factor for developing CI-AKI. The crude analysis showed that the increased risk of CI-AKI was associated with LOCM (odds ratio [OR] 1.290, 95% confidence interval [CI] = 1.079–1.542, p = 0.005; Table 2). In multivariable analyses, the adjusted ORs for CI-AKI in the LOCM group were 1.059 [95% CI = 0.875–1.282; p = 0.555] in unmatched cohort and 0.987 (95% CI = 0.803–1.214; p = 0.901) in matched cohort (Table 2).


Table 2. LOCM for CI-AKI on multivariable logistic regression analysis in the unmatched and matched cohorts.
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We also performed a stratified analysis of clinically important variables. Of the 4,526 patients in the matched cohort, 1,905 (42.1%) were diagnosed with CKD. A total of 950 of 1,905 (49.9%) PS-matched CKD patients received LOCM, while 1,313 of 2,621 (50.1%) PS-matched non-CKD patients received LOCM (Figure 3). The ORs and 95% CI for CI-AKI among those with and without CKD were 1.198 (0.918–1.563, p = 0.183) and 0.877 (0.651–1.182, p = 0.389), respectively (p for interaction, 0.126, Figure 3). The associations between LOCM use and CI-AKI development were generally homogenous in the subgroups stratified by other variables (Figure 3).
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FIGURE 3. Association of LOCM use and development of CI-AKI in subgroups of the matched cohort. CI-AKI, contrast-induced acute kidney injury; LOCM, low-osmolar contrast media; IOCM, iso-osmolar contrast media; DM, diabetes mellitus; HTN, hypertension; PCI, percutaneous coronary intervention; CKD, chronic kidney disease; Hb, hemoglobin; RAAS blocker, renin-angiotensin-aldosterone system blocker.


As sensitivity analyses, we also analyzed the high-risk group for CI-AKI (Mehran score ≥6), but there was no difference in the incidence of CI-AKI between the LOCM and the IOCM groups (Figure 3).



DISCUSSION

In this study, we assessed the role of the types of CM in the development of CI-AKI among patients who underwent CAG or PCI. Using PS matching, we found that no significant difference existed in the occurrence of CI-AKI between LOCM and IOCM (9.9% vs. 9.5% respectively, p = 0.725). Furthermore, according to subgroup analyses, the types of administrated CM did not increase the occurrence of CI-AKI among patients who had risk factors for CI-AKI. These findings are expected to help provide useful information for selecting the types of CM in patients with CAG.

CM that was initially used had high ionicity and osmolality. It caused many non-renal complications, such as nausea, vomiting, and hypotension (11). In addition, it was considered that the high osmolality and intrinsic chemotoxicity of conventional ionic CM may be related to their nephrotoxic effects (12). For these reasons, researchers focused on the ionicity and osmolality of CM as key toxic properties and have tried to develop the optimal CM to reduce their chemotoxicity as well as improve diagnostic efficacy (13). After developing ionic and non-ionic LOCM in the 1980s, LOCM was widely used because osmo-toxicities of LOCM like nausea, vomiting, the pain of the injection site, and hemodynamic instability were improved compared to HOCM (13, 14). Furthermore, Barrett and Carlisle found that LOCM had less nephrotoxicity than HOCM in their meta-analysis (7). Because of the superiority of the LOCM, HOCM had deprecated and was replaced with LOCM (14). When IOCM was developed, according to the flow of such a concept of osmolality, many researchers tended to expect more excellent clinical outcomes in IOCM than LOCM in terms of nephrotoxicity.

However, it is controversial that IOCM has lower nephrotoxicity than LOCM. In the early randomized controlled trial known as the NEPHRIC study, Aspelin et al. (8) found that the IOCM group resulted in a smaller increase in serum creatinine and less likely to develop CI-AKI than the LOCM group in high-risk patients with CKD and diabetes. In the RECOVER study, Jo et al. (15) compared the nephrotoxicity of IOCM with ioxaglate, which is ionic dimeric LOCM among 275 CKD patients (creatinine clearance ≤60 ml/min) who underwent CAG with or without PCI. In that study, IOCM was associated with a lower incidence of CI-AKI compared with LOCM. However, in the CARE study (16), the rate of CI-AKI was not significantly different between the administration of IOCM and LOCM in 414 patients with eGFR of 20–59 ml/min.

Our observations are consistent with the findings of the CARE study and different from those of the NEPHRIC study and RECOVER study. This discrepancy needs to consider the other LOCM used in each study. In the NEPHRIC study, iohexol was assigned to the LOCM group, while ioxaglate was assigned to the LOCM group in the RECOVER study. In the CARE study, in common with our study, iopamidol was assigned to the LOCM group.

The different results from the type of LOCM can be found through some meta-analysis studies. A meta-analysis by McCullough et al. (17) demonstrated that IOCM had less nephrotoxicity compared with LOCM, especially in the patients with CKD and diabetes. In the pooled patient data, iohexol and ioxaglate were administrated to 87% of the 1,345 patients given LOCM, and iopamidol and iopromide were administrated to 13% of the LOCM group. Another meta-analysis by Heinrich et al. (18) found that the risk of CI-AKI did not reduce significantly when using IOCM compared with non-ionic LOCM except iohexol. In addition, a meta-analysis conducted by Zhang et al. (19) analyzed 8 randomized controlled trials and demonstrated that iodixanol was associated with a non-significantly lower risk of CI-AKI and significantly lower risk of a cardiovascular adverse event as compared with iopamidol. On the other hand, when 11 trials using iohexol were analyzed separately, IOCM (iodixanol) was related to lower nephrotoxicity than iohexol in that study. In addition, a study by Reed et al. (20) also confirmed those results. They showed that the use of iohexol and ioxaglate was more likely to increase the risk of CI-AKI than other LOCM as well as IOCM.

According to the result of those meta-analysis studies, it appears that there were differences between the types of LOCM. In particular, in the studies that assigned iohexol and ioxaglate to LOCM, clinical outcomes tend to be worse than those of IOCM, so additional studies on these CMs will help to obtain more information. Although a meta-analysis by Eng et al. (21) concluded that there were no differences in CI-AKI risk among types of LOCM, the number of studies and total sample size of the pooled patients were small and the strength of evidence was low. One possible explanation for the different nephrotoxicity among LOCM is its various chemical characteristics. Ioxaglate is the only ionic dimeric LOCM and iohexol has similar viscosity compared to IOCM (14, 22). Iopamidol and iopromide have a lower viscosity than IOCM (22). According to some animal studies, higher viscosity of CM was associated with an increased urine viscosity, increased GFR, and slower elimination of CM from the kidney (23, 24). Those animal studies indicated that iohexol could be associated with more nephrotoxicity than other LOCM and why other LOCM having lower viscosity than IOCM are not associated with a higher risk of CI-AKI. However, as for ioxaglate and iohexol, we were not able to determine whether these LOCM increase the risk of CI-AKI compared with IOCM or other LOCM because iopromide and iopamidol were used in the study. Therefore, we need to obtain more information through further study.

In previous studies, the risk factors of CI-AKI included pre-existing CKD, diabetes, high volume of CM, repeated administration of CM within 72 h, advanced age, anemia, use of RAAS blockers, dehydration, and patients' clinical presentation (4, 25–27). In the present study, multivariable logistic regression analysis in matched cohort showed that risk factors of CI-AKI are consistent with the previous studies (Supplementary Table 1).

CKD is one of the strongest risk factors for CI-AKI (28) and the incidence of CI-AKI increased from below 2% in patients with normal kidney function to 50% or more in patients with advanced kidney disease (29). For this reason, many previous studies were conducted on patients with CKD. In the present study, the rate of CI-AKI in patients with CKD was 13.6% in a matched cohort group. In subgroup analysis, our observations showed that there was no significant difference between the types of CM among patients with or without CKD (Figure 3).

The study had some limitations. First, this study was an observational study in a single-center, rather than a randomized controlled trial. Although using PS matching to minimize the difference in the basic characteristics between the two study groups, unmeasured covariates, such as clinical presentation, including symptomatic or stable angina, unstable angina, and non-ST-elevation myocardial infarction (NSTEMI) or STEMI, may have an influence on the results. Second, patients in the study were included regardless of their risk factors in contrast that most randomized controlled trials included high-risk patients. Considering that the incidence of CI-AKI in patients with normal kidney function was under 2%, the effect of the types of CM might be likely to be underestimated. Third, pre-existing AKI may be included at the start of the observation because the occurrence of AKI was estimated based on serum creatinine at the time of admission for CAG. Despite these limitations, our study is the only large observational cohort study using PS matching that provides evidence that no significant difference existed in the occurrence of CI-AKI between LOCM and IOCM.



CONCLUSION

In conclusion, although the role of CM types in the development of CI-AKI has been debated, our observation shows that the selection between LOCM and IOCM during CAG has no influence on the incidence of CI-AKI. These findings are expected to help provide useful information for selecting the types of CM in patients with CAG.



DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



ETHICS STATEMENT

The studies involving human participants were reviewed and approved by the Institutional Review Board of Gachon University Gil Medical Center. Written informed consent for participation was not required for this study in accordance with the national legislation and the institutional requirements. Written informed consent was not obtained from the individual(s) for the publication of any potentially identifiable images or data included in this article.



AUTHOR CONTRIBUTIONS

JYJ conceived and designed the experiments. TL and JYJ contributed to data analysis/interpretation and manuscript writing. Each author provided important intellectual content by presenting and solving questions about the accuracy or integrity of all parts of the work. All authors contributed to data acquisition, reviewing of the draft, and approved the final version of the manuscript.



SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fmed.2022.862023/full#supplementary-material



REFERENCES

 1. Nash K, Hafeez A, Hou S. Hospital-acquired renal insufficiency. Am J Kidney Dis. (2002) 39:930–6. doi: 10.1053/ajkd.2002.32766

 2. McCullough PA, Wolyn R, Rocher LL, Levin RN, O'Neill WW. Acute renal failure after coronary intervention: incidence, risk factors, and relationship to mortality. Am J Med. (1997) 103:368–75. doi: 10.1016/S0002-9343(97)00150-2

 3. Gupta R, Gurm HS, Bhatt DL, Chew DP, Ellis SG. Renal failure after percutaneous coronary intervention is associated with high mortality. Catheter Cardiovasc Interv. (2005) 64:442–8. doi: 10.1002/ccd.20316

 4. Mehran R, Dangas GD, Weisbord SD. Contrast-associated acute kidney injury. N Engl J Med. (2019) 380:2146–55. doi: 10.1056/NEJMra1805256

 5. Mehran R, Nikolsky E. Contrast-induced nephropathy: definition, epidemiology, and patients at risk. Kidney Int Suppl. (2006) 69:S11–5. doi: 10.1038/sj.ki.5000368

 6. Seeliger E, Sendeski M, Rihal CS, Persson PB. Contrast-induced kidney injury: mechanisms, risk factors, and prevention. Eur Heart J. (2012) 33:2007–15. doi: 10.1093/eurheartj/ehr494

 7. Barrett BJ, Carlisle EJ. Metaanalysis of the relative nephrotoxicity of high- and low-osmolality iodinated contrast media. Radiology. (1993) 188:171–8. doi: 10.1148/radiology.188.1.8511292

 8. Aspelin P, Aubry P, Fransson SG, Strasser R, Willenbrock R, Berg KJ. Nephrotoxic effects in high-risk patients undergoing angiography. N Engl J Med. (2003) 348:491–9. doi: 10.1056/NEJMoa021833

 9. Chalmers N, Jackson RW. Comparison of iodixanol and iohexol in renal impairment. Br J Radiol. (1999) 72:701–3. doi: 10.1259/bjr.72.859.10624328

 10. Mehran R, Aymong ED, Nikolsky E, Lasic Z, Iakovou I, Fahy M, et al. A simple risk score for prediction of contrast-induced nephropathy after percutaneous coronary intervention: development and initial validation. J Am Coll Cardiol. (2004) 44:1393–9. doi: 10.1016/S0735-1097(04)01445-7

 11. Krause D, Marycz D, Ziada KM. Nonrenal complications of contrast media. Interv Cardiol Clin. (2020) 9:311–9. doi: 10.1016/j.iccl.2020.02.002

 12. Dawson P. Contrast agent nephrotoxicity. An appraisal Br J Radiol. (1985) 58:121–4. doi: 10.1259/0007-1285-58-686-121

 13. McClennan BL. Preston M. Hickey memorial lecture Ionic and nonionic iodinated contrast media: evolution and strategies for use. AJR Am J Roentgenol. (1990) 155:225–33. doi: 10.2214/ajr.155.2.2115244

 14. Solomon R. Contrast media: are there differences in nephrotoxicity among contrast media? Biomed Res Int. (2014) 2014:934947. doi: 10.1155/2014/934947

 15. Jo SH, Youn TJ, Koo BK, Park JS, Kang HJ, Cho YS, et al. Renal toxicity evaluation and comparison between visipaque (iodixanol) and hexabrix (ioxaglate) in patients with renal insufficiency undergoing coronary angiography: the RECOVER study: a randomized controlled trial. J Am Coll Cardiol. (2006) 48:924–30. doi: 10.1016/j.jacc.2006.06.047

 16. Solomon RJ, Natarajan MK, Doucet S, Sharma SK, Staniloae CS, Katholi RE, et al. Cardiac Angiography in Renally Impaired Patients (CARE) study: a randomized double-blind trial of contrast-induced nephropathy in patients with chronic kidney disease. Circulation. (2007) 115:3189–96. doi: 10.1161/CIRCULATIONAHA.106.671644

 17. McCullough PA, Bertrand ME, Brinker JA, Stacul F. A meta-analysis of the renal safety of isosmolar iodixanol compared with low-osmolar contrast media. J Am Coll Cardiol. (2006) 48:692–9. doi: 10.1016/j.jacc.2006.02.073

 18. Heinrich MC, Haberle L, Muller V, Bautz W, Uder M. Nephrotoxicity of iso-osmolar iodixanol compared with nonionic low-osmolar contrast media: meta-analysis of randomized controlled trials. Radiology. (2009) 250:68–86. doi: 10.1148/radiol.2501080833

 19. Zhang J, Jiang Y, Rui Q, Chen M, Zhang N, Yang H, et al. Iodixanol versus iopromide in patients with renal insufficiency undergoing coronary angiography with or without PCI. Medicine (Baltimore). (2018) 97:e0617. doi: 10.1097/MD.0000000000010617

 20. Reed M, Meier P, Tamhane UU, Welch KB, Moscucci M, Gurm HS. The relative renal safety of iodixanol compared with low-osmolar contrast media: a meta-analysis of randomized controlled trials. JACC Cardiovasc Interv. (2009) 2:645–54. doi: 10.1016/j.jcin.2009.05.002

 21. Eng J, Wilson RF, Subramaniam RM, Zhang A, Suarez-Cuervo C, Turban S, et al. Comparative effect of contrast media type on the incidence of contrast-induced nephropathy: a systematic review and meta-analysis. Ann Intern Med. (2016) 164:417–24. doi: 10.7326/M15-1402

 22. Gerk U, Mrowietz C. Viscosity of radiographic contrast media. Clin Hemorheol Microcirc. (2013) 55:469–72. doi: 10.3233/CH-131783

 23. Seeliger E, Becker K, Ladwig M, Wronski T, Persson PB, Flemming B. Up to 50-fold increase in urine viscosity with iso-osmolar contrast media in the rat. Radiology. (2010) 256:406–14. doi: 10.1148/radiol.10091485

 24. Jost G, Pietsch H, Lengsfeld P, Hutter J, Sieber MA. The impact of the viscosity and osmolality of iodine contrast agents on renal elimination. Invest Radiol. (2010) 45:255–61. doi: 10.1097/RLI.0b013e3181d4a036

 25. Chandiramani R, Cao D, Nicolas J, Mehran R. Contrast-induced acute kidney injury. Cardiovasc Interv Ther. (2020) 35:209–17. doi: 10.1007/s12928-020-00660-8

 26. Pistolesi V, Regolisti G, Morabito S, Gandolfini I, Corrado S, Piotti G, et al. Contrast medium induced acute kidney injury: a narrative review. J Nephrol. (2018) 31:797–812. doi: 10.1007/s40620-018-0498-y

 27. Rim MY, Ro H, Kang WC, Kim AJ, Park H, Chang JH, et al. The effect of renin-angiotensin-aldosterone system blockade on contrast-induced acute kidney injury: a propensity-matched study. Am J Kidney Dis. (2012) 60:576–82. doi: 10.1053/j.ajkd.2012.04.017

 28. McCullough PA, Adam A, Becker CR, Davidson C, Lameire N, Stacul F, et al. Risk prediction of contrast-induced nephropathy. Am J Cardiol. (2006) 98:27K−36K. doi: 10.1016/j.amjcard.2006.01.022

 29. Thomsen HS, Morcos SK, Barrett BJ. Contrast-induced nephropathy: the wheel has turned 360 degrees. Acta Radiol. (2008) 49:646–57. doi: 10.1080/02841850801995413

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Publisher's Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Lee, Kim, Kim, Ro, Chang, Lee, Chung and Jung. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fmed-09-862023-t002.jpg
Adjusted models Unmatched odds ratio (95% Cl) i Matched odds ratio (95% Cl) P

Crude 1.200 (1.079-1.542) 0.005 1.041 (0.855-1.268) 0688
Model 1 1.279 (1.069-1.531) 0.007 1.038 (0.851-1.265) 0.714
Model 2 1.234 (1.020-1.480) 0,023 1.035 (0.848-1.260) 0736
Model 3 1.160 (0.963-1.397) 0.118 1.017 (0.831-1.246) 0.868
Model 4 1,059 (0.875-1.282) 0555 0.987 (0.803-1.214) 0.901

Mode! 1: adjusted for demographics (ege and gender).

Model 2: adjusted for demographics and comorbicities (model 1 + smoking status, DM, hypertension, CKD and CHF).
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LOCM, low-osmolar contrast media; IOCM, iso-osmolar contrast media; BMI, body mass index; CHF, congestive heart failure; éGFR, estimated glomerular fitration rate; CKD, chronic:
kidney disease; LV EF, left ventricular ejection fraction; LVMI, left ventricular mass index; SBF. systolic blood pressure; DBR, diastolic blood pressure; PCI, percutaneous coronary
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