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inTRODUCTiOn
Contrast-induced nephropathy (CIN) is defined by an increase in serum creatinine concentration 
(SCr) of at least 0.5 mg/dL and/or 25% within 3-4 days after an imaging procedure with contrast 
medium administration.1 

The pathophysiology of CIN is poorly understood. The deleterious effect of contrast medium is 
due to its renal metabolism and physical properties. Osmolality and viscosity are two important 
properties proportionally influencing diuresis, reducing clearance of the contrast agent and 
promoting its cytotoxic effect. Furthermore, a contrast osmolality superior to that of blood 
induces red blood cell deformation, systemic vasodilatation and intrarenal vasoconstriction. 
The cytotoxic effect of contrast agents is based directly on the induced renal vasoconstriction 
(adenosine, endothelin, etc.) and on the subsequent medullary ischemia and cell damage, 
and indirectly on the development of reactive oxygen species.3 The degree of renal tubular 
cell cytotoxicity is directly related to the length of cell exposure to iodinated contrast media. 
For this reason, it is very important to have a high urinary flow rate before, during and after 
contrast procedures.

EPiDEmiOLOgY
The overall incidence of CIN in the general population has been reduced to approximately less 
than 3% in the last decade, but increases up to 50% or more in patients with multiple risk factors.4 

Many studies contributed to determine the predictors of CIN in relation to patient 
characteristics and/or procedural factors. Diabetes is an important risk factor, especially if 
associated with an underlying impaired kidney function, which is an independent predictor 
of CIN (eGFR <60 mL/min/1.73 m2). Other important risk factors are intravascular volume 
depletion, hypotension, low cardiac output and fourth stage heart failure, because of the 
amplification of vasoconstriction induced by the contrast agents. Anemia has also been 
reported to be a predictor of CIN.5 Obviously, the risk of CIN also depends on the volume of 
contrast media and the route of administration: arterial administration is more dangerous 
than the intravenous route.6

CIN is the third leading cause of hospital-acquired acute kidney injury and increases 
in-hospital and long-term morbidity and mortality, prolongs hospital stay and raises 
healthcare costs.2 

The reduced incidence of CIN is due to a greater awareness of the problem, better 
risk prevention measures and improved iodinated contrast media with less renal 
toxicity. 
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The short-term outcome is based on the detection of a higher in-hospital and 30-day mortality in 
patients with CIN.7,8 Moreover, CIN significantly increases the rate of hospitalization. Several studies 
demonstrated that a 0.5 mg/dL or ≥25% increase in SCr is associated with a prolonged hospital stay 
of more than 4 days.9,10 Likewise, CIN is associated with a poor long-term outcome. Other studies 
addressed the major adverse events (death, stroke, myocardial infarction, end-stage renal disease 
requiring renal replacement therapy) in different time periods. Taken together, these studies showed 
a strong relationship between CIN and a negative clinical outcome at 1-, 2- and 5-year follow-ups.11,12 
Plainly this evidence also correlates CIN to an increase in healthcare costs.13 These data highlight the 
need to avoid CIN in patients undergoing angiographic procedures, particularly in higher risk subsets.

mETHODS anD maTERiaLS 
During the study period, around 10,000 global diagnostic and interventional procedures were 
performed at our Institution. Of these, 5,924 were coronary angiography procedures and 3,215 
percutaneous coronary interventions (PCI) (2,543 single-vessel and 672 multi-vessel PCI).

Average flow velocities of 4 mL/s and 3 mL/s were used for left and right coronary artery, 
respectively (Figure 1). 
CIN was defined as a ≥0.5 mg/dL or ≥25% increase in baseline SCr within 3 days of intravascular 
contrast medium exposure, in the absence of an alternative etiology.6 Before undergoing angiography, 
all patients were screened using the Mehran Risk Score to predict the risk of CIN development.14 

Renal function was carefully assessed in the overall population, and patients were classified 
according to the Classification of Stages of Chronic Kidney Disease (Table 1).15 As recommended by 
the National Kidney Foundation - Kidney Disease Outcome Quality Initiative, eGFR was preferred 
to SCr as a marker of kidney function.15 

We report our experience in patients with a diagnosis of acute coronary syndrome 
(ACS) undergoing contrast media injection during coronary angiography and 
coronary angioplasty at the Cath Lab of the Department of Clinical Medicine and 
Cardiovascular Sciences of Federico II University Hospital, Naples (Italy) between 
January 2008 and January 2011.

The contrast agent used was iomeprol 400 mg I/mL (Iomeron® 400, Bracco Imaging, 
Italy), a triiodinated nonionic radiographic low-osmolar contrast medium, 
administered through a device designed to allow controlled flow automated 
injections of the coronaries (ACIST CVi, ACIST Medical Systems, USA). 

Several trials showed that the onset of CIN after contrast agent administration 
(especially in angiographic procedures) is strongly associated with a negative short-
term and long-term prognosis.
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Figure 1. Percutaneous coronary angiographies
A. Left coronary artery B. Right coronary artery

The contrast agent was administered at a flow velocity of 4 mL/s,  
for a total volume of 8 mL.

The contrast agent was administered at a flow velocity of 3 mL/s,  
for a total volume of 6 mL.

The controlled flow automated injections of the coronaries administer a constant amount of contrast media able to 
visualize the coronary tree until the third distal and bifurcation branches.

Table 1. Classification of Stages of Chronic Kidney Disease15 

Stage Description egFR (mL/min)

1 Kidney damage (protein in the urine) with normal or elevated GFR ≥90 

2 Kidney damage with mildly decreased GFR 60-89
3 Kidney damage with moderately decreased GFR 30-59
4 Kidney damage with severely decreased GFR 15-29

5 Kidney failure: end-stage renal disease (ESRD). Patients who have stage 5 dise-
ase require dialysis or transplantation to survive <15

The stages are based on the value of GFR. The data reported are the results, according to this classification, in the population considered. 
The patients were screened for underlying kidney function. At the time of the angiographic procedure, 41.1% of CKD patients were at 
stage 1, 17.3% at stage 3, while 2.5% and 2.7% of the patients had CKD at stages 4 and 5.

RESULTS
The study population consisted of 484 patients (371 males and 113 females), mean age was 
63±10.27 years, and 268 patients (55.3%) were admitted for ACS. 
These patients underwent percutaneous coronary angiography or PCI.
The mean contrast volume was 71.3±17 mL in patients undergoing coronary angiography (283 
[58.5%]), while in the coronary angioplasties (41.8%) the mean contrast volume administered was 
189.37±85 mL in single-vessel PCI, and 324.28±101 mL in multi-vessel PCI. 
The clinical characteristics of patient population are reported in Table 2. There was a high proportion 
of diabetic patients (32%) and about one fifth of them had baseline kidney impairment (22.5%). 
The chronic kidney disease (CKD) classification and the underlying eGFR identified 109 (22.5%) 
patients as follows: 84 (17.3%) in stage 3, 12 (2.5%) in stage 4, and 13 (2.7%) in stage 5 (Table 1). 

During the in-hospital follow-up, only 19 patients experienced CIN (3.9%). Of these, 6 
(31.6%) had undergone coronary angiography, while 13 (68.4%) had had PCI (Table 3).
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Table 2. Patient clinical characteristics (n=484)

Characteristic n (%)

Males 371 (76.6)

  Mean age 63.56 years

  >75 years 67

Smoking

  Current 194 (40)
  Never 185 (38.2)
  Former 105 (21.7)
Diabetes 155 (32)
Hypertension 347 (71.7)
Dyslipidemia 285 (58.9)
Prior CABG 48 (9.9)
Prior MI 192 (39.7)
Anemia (Hb <12 mg/dL) 77 (15.9)
Congestive heart failure 40 (8.3)
Stable angina 216 (44.6)
ACS 268 (55.3)
eGFR <60 mL/min 109 (22.5)

Table 3. Occurrence of CIN according to the 
baseline CKD stage classification

Patients who experienced Cin, n.19

STAGE CIN, %

CKD 1 3%
CKD 2 1.7%
CKD 3 5.9%
CKD 4 16.6%
CKD 5 23%

CIN affected 19 patients out of the total 484. The table shows that 
most of them (23% and 16.6%) already had seriously compromised 
kidney function.

CABG: Coronary Artery Bypass Graft; MI: Myocardial Infarction; 
ACS: Acute Coronary Syndrome; eGFR: estimated Glomerular 
Filtration Rate.

In our study, the development of CIN was associated with a prolonged hospital stay (3.5±1 days vs 
5.7±2 days, respectively; p<0.001).

In the dilemma of whether CIN is the cause of an increased mortality or a marker 
of cardiovascular risk, the data obtained show how the baseline kidney function 
strongly influences the outcome in patients undergoing coronary angiography:  
pre-existing compromised kidney function predisposes to the development of CIN.  
Among the patients experiencing CIN, 50.2% had CKD of whom 16.6% at stage 5 and 
23% at stage 4.

PREVEnTiOn
In our clinical practice, we adopt internal guidelines to prevent CIN occurrence. The main prevention 
strategies used in our institution are the following: 
• reduction of the volume of contrast medium administered to the lowest possible value during 

procedures;
• renal replacement therapy in patients with severe CKD undergoing dialysis;
• infusion of intravenous fluids to expand intravascular volume and increase diuresis;
• use of drugs to contrast the nephrotoxic effect of the contrast medium (sodium bicarbonate).

The use of a low-osmolar (osmolality of 500 to 700 mOsm/kg) rather than high-osmolar 
contrast agent is based on evidence that low-osmolar contrast media are less nephrotoxic, 
with a reduction of CIN. However, in high-risk patients the risk of CIN is irrespective of the 
contrast medium used.16-21
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CKD patients are managed according to the recommendations of the European Society of 
Cardiology: hydration with isotonic saline, 1 mL/kg/h, 12 h before and continued for 24 h after 
the procedure (0.5 mL/kg/h if ejection fraction [EF] <35% or NYHA class >2).22 Since the results 
of intravenous administration of N-acetylcysteine were inconclusive and its preventive effect not 
clarified, we do not use this drug for CIN prevention. 
Another important therapeutic approach is the discontinuation of nephrotoxic drugs (non-
steroidal anti-inflammatory agents) prior to contrast medium administration. 
The following preventing strategy is considered for diabetic patients treated with metformin: 
• if eGFR ≥60 mL/min/1.73 m2, metformin therapy is not interrupted;
• in patients with eGFR between 30 and 60 mL/min/1.73 m2, metformin is discontinued 48 h 

before the procedure and restarted 48 h after contrast medium administration if renal function 
has not deteriorated;

• in patients with eGFR <30 mL/min/1.73 m2, or with a concomitant illness causing reduced liver 
function or hypoxia, metformin is contraindicated and iodine-based contrast media should be 
avoided;

• in emergency patients, metformin should be stopped from the time of contrast medium 
administration and restarted 48 h later if serum creatinine/eGFR remain unchanged.

COnCLUSiOnS

Nonetheless, CIN continues to occur because of the unavoidable need for procedures requiring 
contrast medium administration, and is commonly observed in a substantial proportion of patients 
with normal baseline kidney function.
This evidence should spur further investigation into CIN pathophysiology and its prevention, 
especially in CKD patients to avoid a potential worsening of kidney function. 
In this context, the Mythos trial showed that furosemide-forced diuresis associated with hydration 
has some positive effects. In fact, the maintenance of intravascular volume (matched hydration) 
with methods or systems such as the RenalGuard System™ (PLC Medical Systems, USA) is safe and 
reduces the risk of CIN in high-risk patients undergoing coronary procedures.23 

These data suggest that the use of low-osmolar contrast media is safe in elective 
procedures, and also in critically ill patients with a diagnosis of ACS.

The adoption of standardized internal guidelines also ensures better prevention of CIN. 
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