
Background: 
• Contrast media (CM) is used to better visualize the blood flow within the arteries and/or heart chambers.   

• The physiochemical properties of iodinated CM may increase the likelihood of renal failure. 

‒ This may lead to a significant increase in morbidity and mortality as well as corresponding costs.

• Hospitals, for a variety of reasons including patient demographics, internal protocols, and purchasing agreements, 

often decide between the use of iso-osmolar CM or a low-osmolar CM (LOCM) agent. 

• Two recent meta-analyses, McCullough et al. and Dong et. al., found the use of iso-osmolar CM agents to be 

associated with fewer contrast-induced nephropathy events compared to LOCM. [1,2]

‒ However, there is limited evidence examining if this finding exists in real-world practice.

Objective: 
• The objective of this study was to assess the relationship between iso-osmolar CM and LOCMs, and renal failure 

events in patients undergoing inpatient (interventional or diagnostic) cardiovascular procedures. 

Methods: 
• The Premier hospital database was used to identify patients between January 2008 and September 2013. 

‒ The Premier hospital database contains complete patient billing, hospital cost, and coding histories for more than 600 healthcare 
facilities throughout the US.

‒ The data from which this study was derived were extracted from more than 25 million inpatient discharges and 175 million hospital 
outpatient visits.

• Eligible patients had an inpatient admission with a primary interventional or diagnostic cardiovascular procedure 
defined by an International Classification of Diseases, 9th Revision (ICD-9).

• CM agents were identified by Standard Charge Master codes and text mining algorithms. 

• The following CM agents were identified:

‒ Iso-osmolar CM, iodixanol, 

‒ LOCMs: iohexol, ioversol, iopamidol, ioxaglate, ioxilan, and iopromide. 

• The LOCM agents were grouped together into a single cohort (LOCMs) for the analysis.

• Renal failure during the visit was determined by ICD-9 diagnosis code(s) for kidney disease, stage V requiring 
dialysis.

• Two different statistical approaches were employed to assess the relationship between renal failure and CM use –
Ordinary Least Squares (OLS) cross-sectional and hospital fixed-effects. 

• First, multivariable regression analysis was conducted using OLS cross-sectional analysis to assess the relationship 
between renal failure and contrast agent use.

‒ The first model specification did not include any control variables, each of the following controls were added to reach the fully saturated 
sixth model:  year fixed-effects, principal procedure, patient demographics, patient co-morbidities, hospital characteristics, and primary 
diagnosis.

• Second, multivariable regression analysis was conducted using hospital fixed-effects specification to assess the 
relationship between renal failure and contrast agent use.

‒ The hospital fixed-effect specification controls time-invariant within hospital variation that is otherwise unobservable in the choice of 
CM, such as hospital protocols specifying when to use iso-osmolar CM or LOCM.

‒ The first fixed-effect model specification included only a hospital-fixed effect control. Each additional model added the same controls as 
noted in the OLS cross-sectional specification.

Results: 
• 662,299 patients had an inpatient primary cardiovascular procedure, 29% of which used iso-osmolar CM.  (Table 1)

• Iso-osmolar CM was used in older patients (66.7 vs. 62.8; p < 0.0001) compared to LOCM. 

• Patients receiving iso-osmolar CM were generally sicker as measured by Charlson Comorbidity Index Score 
compared to patients receiving LOCM (3.9 vs. 3.3; p < 0.0001). 

• These inpatient procedures were performed in 357 different hospitals, 74% (264) of the hospitals used both iso-
osmolar CM and LOCM.

• OLS cross-sectional specification (Table 2)

‒ Univariate OLS analysis indicated that patients receiving an iso-osmolar CM had 1.9% (p < 0.01) more renal failure events during the 
visit compared to patients receiving a LOCM (specification 1).

‒ The fully saturated OLS analysis (specification 6) indicated that patients receiving an iso-osmolar CM 1.5% (p < 0.01) fewer renal 
failure events during the visit compared to patients receiving a LOCM (specification 6).

• Hospital fixed-effects specification (Table 3)

‒ Controlling for within hospital variation with the first hospital fixed-effect specification found a 2.5% (p < 0.01) more renal failure events 
during the visits with iso-osmolar CM (specification 1).

‒ Controlling for within hospital variation in the most saturated specification, found a 2.3% (p < 0.01) fewer renal failure events with iso-
osmolar CM (specification 6).

Discussion/Limitations: 
• These results highlight the importance of controlling for unobservable factors, such as physician preferences, 

academic status, and internal protocols, within the hospital that are used in determining the choice of iso-osmolar CM 
or LOCM, in addition to observable factors.

‒ Both models, after controlling for patient demographics and comorbidities, as well as, hospital differences show a statistically
significant reduction in renal failure events when iso-osmolar CM is used [cross sectional -1.5%; fixed effects -2.28%]. 

• The Premier hospital database does not track patients longitudinally. Thus, it was not possible to determine if events 
occurred after the patient was discharged.

• Due to the administrative nature of the database, lab values (i.e. serum creatinine levels) volume of CM agent 
administered to the patient, or patient body mass index data were not available.  

Conclusion: 
• In this retrospective study, the use of iso-osmolar CM was associated with fewer renal failure events compared to 

LOCMs in patients who underwent inpatient cardiovascular procedures. This may translate to reduced hospital costs.
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Iso-osmolar CM 

(N = 193,172)

LOCMs 

(N = 469,127)

Variable

Mean Age (St. Dev.) 66.7 (13.5) 62.8 (13.4)

Renal Failure 5.6% 3.6%

Mortality Risk

Minor 39% 52%

Moderate 33% 29%

Major 18% 14%

Extreme 9% 6%

Severity 

Minor 25% 32%

Moderate 37% 39%

Major 28% 23%

Extreme 10% 7%

Mean Charlson Comorbidity Index Score 

(St. Dev.)
3.94 (1.8) 3.28 (1.6)

Diabetes with complications 8% 4%

Renal Disease 25% 12%

Table 1: Inpatient Cardiovascular Procedures Demographic Table

Table 2: Inpatient Procedures Cross Sectional Results 

Cross-Sectional Models

Model Specification 1* 2* 3* 4* 5* 6*

Iso-osmolar CM 1.94% 1.90% 1.83% -1.40% -1.52% -1.51%

Controls

Hospital Fixed-Effects

Year Fixed-Effects X X X X X

Primary Procedure X X X X X

Patient Demographics X X X X

Patient Comorbidities X X X

Hospital 

Characteristics
X X

Primary Diagnosis X

R-squared 0.002 0.007 0.054 0.269 0.270 0.273

Table 3: Inpatient Procedures Hospital Fixed-Effects Results

Hospital Fixed-Effects Models

Model Specification 1* 2* 3* 4* 5* 6*

Iso-osmolar CM 2.51% 2.52% 2.28% -2.29% -2.29% -2.28%

Controls

Hospital Fixed-Effects
X X X X X X

Year Fixed-Effects X X X X X

Primary Procedure X X X X X

Patient Demographics X X X X

Patient Comorbidities X X X

Hospital 

Characteristics
X X

Primary Diagnosis X

R-squared 0.023 0.028 0.071 0.279 0.279 0.282

p value < 0.01

The 6 model specifications are shown in Table 2. Each numbered column represents an individual model specification and included control 

variables identified by the X. The results represent the model coefficient of iso-osmolar compared to LOCM.

p value < 0.01

The 6 model specifications are shown in Table 3. Each numbered column represents an individual model specification and included control 

variables identified by the X. The results represent the model coefficient of iso-osmolar compared to LOCM.


