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Abstract The aim of this study was to assess the inci-
dence, clinical predictors, and outcome of patients devel-
oping contrast medium induced nephropathy (CIN) after
percutaneous coronary intervention (PCI) for acute coro-
nary syndrome (ACS).

Background CIN is associated with significant higher
morbidity and mortality after coronary intervention.
Recently it was shown, that patients undergoing percuta-
neous coronary intervention for acute myocardial infarction
have a significant higher risk of developing CIN. Non-
ST-elevating myocardial infarction (NSTEMI) patients
(pts) might be at an even higher risk developing CIN than
patients with ST-elevating myocardial infarction (STEMI),
because of presenting older and more often with diabetes.
Methods In 392 consecutive ACS patients developing
myocardial infarction and therefore undergoing emergent
coronary angiography between October 2004 and March
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2007, we measured serum creatinine concentration (Cr) at
baseline and each day of the following 3 days. Contrast
medium induced nephropathy was defined as an increase in
Cr > 0.5 mg/dl. ACS was defined according to the guide-
lines of the German Society of Cardiology.

Results Overall, 392 pts were included: 203 (51.8%) with
STEMI and 189 (48.2%) with NSTEMLI. Patients with STEMI
developed more often a cardiogenic shock (18 vs. 6%;
P < 0.001) whereas patients with NSTEMI were older (67 vs.
61 years; P < 0.001) and presenting with a higher co-mor-
bidity. Forty-five (11.5%) pts developed CIN; 22 (10.8%) in
the STEMI group and 23(12.2%) in the NSTEMI group
(P = 0.75). Patients developing CIN presented a more com-
plicated clinical course and a significantly longer hospital stay
(14 vs. 10 days; P < 0.001). The mortality rate was also
significantly higher (16 vs. 6%; P < 0.05).

Conclusion This prospective study showed no differences
in the incidence of developing CIN in patients undergoing PCI
for STEMI or NSTEMI, but the predisposing factors, how-
ever, differed significantly. Although STEMI patients needed
significantly more contrast medium for revascularisation, they
did not develop CIN more often. CIN was associated with
higher in-hospital complication rate and mortality. Thus,
better preventive strategies according to the different predis-
posing factors leading to CIN are needed to reduce morbidity
and mortality, especially in high risk patients.

Keywords Contrast induced nephropathy -
Acute coronary syndrome - Percutaneous coronary
intervention - NSTEMI - STEMI

Abbreviations
ACS  Acute coronary syndrome
AMI  Acute myocardial infarction
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CAD Coronary artery disease

CCU Coronary care unit

CIN  Contrast induced nephropathy

Cr Creatinine clearance

PCI  Percutaneous coronary intervention

Introduction

Contrast medium induced nephropathy (CIN) is a possible
complication of invasive coronary diagnostic and inter-
vention. Recently it was shown that patients with acute
myocardial infarction undergoing percutaneous coronary
intervention (PCI) shows a significantly increased risk
developing CIN in comparison to patients undergoing
elective contrast medium exposure [18]. The development
of CIN has been associated with increased in-hospital and
long term morbidity and mortality, prolonged hospitaliza-
tion, and long term renal impairment [3, 6, 10, 19, 34]. A
lot of risk factors have been identified. Chronic renal
insufficiency, diabetes mellitus, congestive heart failure,
intravascular volume depletion, and the use of a large
contrast medium amount are considered to be important
predisposing factors [22, 27].

However, patients treated with PCI for ACS are at
higher risk for CIN. Several conditions may contribute
to renal injury in this setting. Among them, hypotension
or even cardiogenic shock, a large volume of contrast
medium and the lack of starting a state of the art renal
prophylactic therapy in case of pre-existing renal failure
are the factors most likely involved. Recently published
studies demonstrated that renal insufficiency and acute
myocardial infarction (AMI) are a high risk combina-
tion for the development of acute renal failure [28, 30,
33, 36]. Some studies even showed that renal dys-
function is an independent risk factor for death in AMI
[10-12].

Moreover, NSTEMI patients in contrast to patients with
STEMI are older and have an extended cardiac co-mor-
bidity and extra cardiac diseases like pre-existing renal
failure and diabetes mellitus as well as a higher athero-
sclerotic burden. This may suggest that these patients are at
even higher risk developing CIN after percutaneous inter-
vention than patients with STEMI [4, 21].

The purpose of this prospective study was to determine
the incidence, the clinical predictors, and the clinical
consequences of CIN in patients undergoing PCI for ACS.
Furthermore, differences in the clinical course, complica-
tions, and outcome in patients with STEMI and NSTEMI
developing CIN are discussed.
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Methods
Study population

Between October 1, 2004 and March 30, 2007 we enrolled
all consecutive patients admitted to the coronary care unit
(CCU) for ACS who were treated with emergent coronary
intervention. According to the German guideline [12]
patients were included to this study with characteristic
chest pain lasting for at least 30 min with electrocardio-
graphic ST-segment elevation (STEMI) of at least 0.2 mV
in two or more contiguous leads, or left bundle branch
block as well as patients with a positive Troponin I test but
without ST-Segment elevation (NSTEMI). Patients were
excluded if the coronary anatomy was not suitable for
coronary intervention or if emergency bypass grafting was
required.

Study protocol

Physiologic saline (0.9%) was given intravenously at a rate
of 1 ml/kg/h for 12 h after contrast medium exposure. In
patients with left ventricular dysfunction (ejection fraction
<40%) or overt heart failure (Killip Class III and IV)
the hydration rate was reduced to 0.5 ml/kg/h. The use of
beta-adrenergic blocking agents, angiotension-converting
enzyme inhibitors, platelet glycoprotein IIb/Illa receptor
inhibitors (abciximab, tirofiban, and eptifibatid), diuretics
or the indication to intra-aortic balloon pump (IABP) or
inotropic drug support was left to the direction of the
interventional or ICU cardiologists according to our insti-
tute’s clinical protocols based on international recom-
mendations [32]. We performed an echocardiographic
evaluation of the left ventricular ejection fraction in all
subjects within 12 h from hospital admission. Serum cre-
atinine concentration (Cr) was measured at the time of
admission, before coronary intervention and every day
for the following 3 days and at discharge from the ICU.
Creatinine clearance was calculated by applying the
Cockcroft formula to the serum creatinine concentration
(Cr) [5]. During hospitalization the following adverse
clinical events were considered: cardiogenic shock, acute
renal failure, and death.

Coronary intervention

Coronary intervention was performed by a 24-h on-call
emergency team, according to standard clinical practice,
using the femoral approach and 6-F guiding catheters [2].
The low-osmolality nonionic contrast medium Iomeprol
(Iomeron, Bracco s.p.a., Milan, Italy) with 350 mg/ml of
iodine content was used in all cases. Patients received a
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bolus of 5.000 U heparin, 500 mg of acetylsalicylic acid,
and 300 mg of clopidogrel immediately before the proce-
dure [9, 14, 37]. Contrast medium dose, angioplasty tech-
nique, and supportive pharmacologic therapies as well as
ACT-measurements were left to the discretion of the
interventional cardiologist.

Definitions

Contrast medium induced nephropathy was defined as an
absolute increase in Cr > 0.5 mg/dl after coronary inter-
vention [31]. Time to reperfusion was measured as the time
from symptom onset to coronary reperfusion obtained with
balloon inflation. Cardiogenic shock, complicating myo-
cardial infarction was defined as prolonged hypotension
(systolic blood pressure <85 mmHg) with evidence of
decreased organ perfusion caused by severe left ventricular
dysfunction, right ventricular infarction, or mechanical
complications of infarction [7].

Statistical analysis

Continuous data are reported as the mean value + SD
unless otherwise specified. Categorical data are presented
as absolute values and percentages. Comparison of con-
tinuous variables was performed by means of Students
t-test. Chi square and fisher exact test were used for
comparison of categorical variables as appropriate. A
multivariate regression model was applied including all the
potential confounding variables leading to CIN and death.

A P value <0.05 was considered to be statistically sig-
nificant. All statistical analysis were performed with the
Statistical Package for the Social Science version 14.0
(SPSS Inc., Chicago, Illinois).

Results
Incidence of CIN and clinical characteristics

Of a total of 456 ACS pts, 64 pts were excluded (22 because
no intervention was necessary and 42 were treated with
coronary bypass surgery). Hence, a total of 392 pts (280
men, 112 women; mean age 64 £ 13) were included in this
study. Of them, 45 (11.5%) developed CIN. Table 1 shows
the baseline clinical and procedural characteristics of
patients with and without developing CIN. Patients with
CIN were significantly older and more frequent of female
gender, had a higher baseline Cr value, a longer time to
reperfusion, and a lower left ventricular ejection fraction. In
addition, they received a higher amount of contrast medium
during PCI than patients without CIN. When creatinine
clearance was calculated [5], 64 (13%) of the 392 pts had a

moderately pre-existing impaired renal function (<60 ml/
min). Of them 23 (36%) developed CIN after coronary
intervention. The relationship between the development
of CIN and preexisting renal failure is shown in Fig. 1.

The relation of CIN with in-hospital outcome

Patients developing CIN had a more complicated in-
hospital clinical course. The average stay in hospital of
patients who developed CIN was 1.5 times longer than in
patients without CIN (15 + 11 vs. 9 £ 6 days; P < 0.001).
Furthermore they developed more frequently a cardiogenic
shock (24 vs. 10%). The overall in hospital mortality rate
in the entire population was 7.1%. The mortality rate
was significantly higher (15.6 vs. 6.1%) in patients deve-
loping CIN.

Differences in STEMI and NSTEMI

A total of 392 pts presented with ACS at hospital admis-
sion: 203 (51.7%) pts had STEMI and 189 (48.3%) had
NSTEMI. As shown in Table 2, for 162 (79.8%) pts of the
STEMI group the index event was the first manifestation of
coronary artery disease (CAD), whereas almost 40% of the
pts in the other group had a history of CAD. The incidence
of a three vessel disease was also significantly higher in the
NSTEMI group (19.7 vs. 37%; P < 0.001). The mean age
of the population group was 64 + 13 years. Patients with
NSTEMI tended to be older than patients with STEMI (67
vs. 61 years; P < 0.001). The amount of patients older than
75 years was also significantly higher in patients with
NSTEMI (32.8 vs. 21.7%; P < 0.05). Patients with
NSTEMI had more often diabetes mellitus (30.7 vs. 16.7%;
P < 0.001). Moreover, the number of patients with pre-
existing renal insufficiency was higher in the NSTEMI
group, but not significantly (19 vs. 13.8%; P = 0.102).

However, patients with STEMI developed more often a
cardiogenic shock (17.7 vs. 6.3%; P < 0.001) requiring the
IABP (8.4 vs. 1.1%; P < 0.001). According to this, the
highest total creatinkinasis as an index of the magnitude of
myocardial infarction was also significantly higher in
patients with STEMI (1,882 vs. 803 U/l; P < 0.001). In
addition people with STEMI needed significantly more
contrast medium during the intervention (253 vs. 215 ml;
P < 0.001). None the less there was no significant differ-
ence in the number of patients developing CIN in the two
groups (10.8 vs. 12.2%; P = 0.75).

Differences in STEMI and NSTEMI in patients
developing CIN

As shown in Table 3, patients with NSTEMI developing
CIN were much older (76 £ 10 vs. 68 £ 12; P < 0.05)
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Table 1 Baseline clinical and procedural characteristics of the study patients

Characteristic CIN (n = 45) No-CIN (n = 347) All patients (n = 392) P value
Demographics
Men (%) 27 (60) 253 (72.9) 280 (71.9) 0.80
Mean age, years (SD) 72 £ 12 63 £ 13 64 £ 13 <0.0001
Age > 75 years (%) 23 (51.1) 83 (23.9) 106 (27) <0.0001
Cardiac risk factors
Diabetes mellitus (%) 11 (24.4) 85 (24.5) 96 (24.5) 0.76
Current smoker (%) 17 (37.8) 143 (41.2) 160 (40.8) 0.74
Hypertension (%) 41 (91.1) 283 (81.6) 324 (82.7) 0.14
Dyslipidemia (%) 35 (77.8) 269 (77.5) 304 (77.6) 1.0
Adipositas (%)
Laboratory parameters
Serum Creatinine (mg/dl) 1.26 + 0.62 0.91 £ 0.26 0.95 + 0.34 <0.001
Serum Creatinine > 1.5 mg/dl 10 (22.2) 23 (6.6) 33 (8.4) <0.001
Creatinine clearance (ml/h) 67 £ 47 99 + 38 95 + 41 <0.001
Creatinine clearance < 60 ml 23 (51.1) 41 (11.8) 64 (13) <0.0001
Highest total creatine kinase (U/l) 1,387 4+ 1,526 1,355 4+ 1,955 1,359 4+ 1,909 091
Hb (g/dl) 129 + 2.1 14.6 + 4.9 144 + 1.7 <0.001
Cardiovascular parameters
STEMI (%) 22 (48.9) 181 (52.2) 203 (51.8) 0.75
NSTEMI (%) 23 (51.1) 166 (47.8) 189 (48.2) 0.75
First cardiac event (%) 25 (55.6) 251 (72.3) 276 (70.4) 0.24
One vessel disease (%) 8 (17.8) 132 (38) 140 (35.7) <0.005
Two vessel disease (%) 16 (35.6) 88 (25.4) 104 (26.5) 0.10
Three vessel disease (%) 16 (35.6) 94 (27.1) 110 (28.1) 0.15
Previous CABG (%) 5(11.1) 33 (9.5) 38 (9.7) 0.48
Mean LVEF (%) 495 +93 57.1 £ 122 56 + 12 <0.001
LVEF < 40% 11 (24.4) 40 (11.5) 51 (13) <0.05
Contrast medium
Contrast volume, ml (SD) 263 + 119 231 + 96 234.9 £+ 99 <0.05
Contrast volume > 300 ml (%) 16 (35.6) 51 (14.7) 67 (17.1) <0.005
Clinical course
Hospital stay, days (SD) 14.56 £+ 10.7 940 £ 5.5 9.9 + 6.5 <0.001
Time-to-reperfusion (h) 6.96 + 2.52 4.94 + 2.99 5.17 £ 3.0 <0.001
Cardiogenic Shock (%) 11 (24.4) 37 (10.7) 48 (12.2) <0.05
IABP (%) 3(6.7) 16 (4.6) 19 (4.8) 0.46
Death (%) 7 (15.6) 21 (6.1) 28 (7.1) <0.05

and had more often an impaired renal function before
hospital admission (35 vs. 14%; P = 0.16). Furthermore
most of the patients in the NSTEMI group had a preex-
isting coronary artery disease (56 vs. 22%) and a significant
longer hospital stay (17 £ 12.6 vs. 11.9 £ 7.4 days;
P < 0.001).

Patients with STEMI who developed CIN, showed more
often a complicated clinical course including the development
of a cardiogenic shock (31.8 vs. 17.4%) requiring the
implantation of the IABP (13.6 vs. 0.0%; P = 0.109). Fur-
thermore contrast medium volume was higher in STEMI
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(295 £ 120 ml) compared with NSTEMI (231 & 112 ml).
The overall in-hospital mortality of the entire population was
7.1% (n = 28). However, the mortality rate was significantly
higher in patients with STEMI developing CIN compared to
patients with NSTEMI with CIN (22.8 vs. 8.7%; P < 0.05).

Independent correlates of CIN
In multivariate analysis, the following variables remained

significantly independent correlates of CIN: Age >75 years
(odds ratio [OR] 0.39, 95% confidence interval [CI] 0.26—
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70 total creatinkinasis (OR 137, CI 95% 1.08-1.73;
5 P = 0.008).
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Fig. 1 Relationship between GFR and the development of CIN

1.10; P = 0.001), serum creatinine >1.5 mg/l (OR 4.33, CI
95% 1.34-13.95; P = 0.014), mean LVEF <40% (OR
2.07, CI 95% 0.85-5.05; P = 0.001), contrast volume
>300 ml (OR 3.36, CI 95% 1.47-7.67; P = 0.004).

Independent correlates of death

In multivariate analysis, the following variables remained
significantly independent correlates of death: CIN (OR
7.03, CI 95% 2.49-13.42; P = 0.01), cardiogenic shock
(OR 3.83, CI 95% 1.10-13.42; P = 0.035) and highest

This study demonstrates that CIN is a frequent complication
after invasive treatment of ACS, even in pts with normal
baseline renal function. It is associated with increased
in-hospital mortality and a prolonged hospitalization.
Since several years acute PCI is the standard approach of
acute STEMI. A lot of studies demonstrated, that survival
and left ventricular function is preserved due to this pro-
cedure [15, 23, 24, 36]. The aim of this reperfusion strategy
is to reduce mortality and morbidity. As a matter of prin-
ciple this goal is best achieved by opening the infarct
related artery as soon as possible [11, 12, 16, 20]. It is
more difficult to diagnose NSTEMI in comparison with
STEMI due to the time delay verifying various labora-
tory parameters. In future this time could be used for
strategies preventing CIN, like hydration and the applica-
tion of acetylcystein or sodium bicarbonate for example
[25, 26, 29].

In our study population, the in-hospital mortality rate
was 7.1%, a value comparable with those reported in other
clinical trials [15]. In this prospective analysis, we have

Table 2 Differences in STEMI

and NSTEMI Characteristic STEMI (n = 203) NSTEMI (n = 189) P value
Demographics
Men (%) 137 (67.5) 143 (75.7) 0.46
Age, years (SD) 61 £+ 13 67 + 12 <0.001
Age > 75 years 44 (21.7) 62 (32.8) <0.05
Cardiac risk factors
Hypertension (%) 163 (80.3) 161 (85.2) 0.230
Current smoker (%) 98 (48.3) 62 (32.8) <0.05
Diabetes (%) 34 (16.7) 58 (30.7) <0.001
Dyslipidaemia (%) 147 (72.4) 157 (83.1) <0.05
Laboratory parameters
Creatinine clearance < 60 ml 28 (13.8) 36 (19) 0.102
Highest total creatine kinase (U/L) 1,882 + 1,941 803 £ 1,711 <0.001
Clinical course
Contrast volume, ml (SD) 253 £+ 100 215 £ 94 <0.001
Cardiogenic shock (%) 36 (17.7) 12 (6.3) <0.001
TABP (%) 17 (8.4) 2 (1.1) <0.001
Death (%) 22 (10.8) 6 (3.2) <0.05
CIN (%) 22 (10.8) 23 (12.2) 0.75
Cardiovascular parameters
First cardiac event (%) 162 (79.8) 114 (60.3) <0.001
Three vessel disease (%) 40 (19.7) 70 (37) <0.001
Previous CABG (%) 8 (3.9) 30 (15.9) <0.001
Mean LVEF (%) 57 £ 12 56 + 13 0.33
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Table 3 Differences in STEMI and NSTEMI in patients developing CIN

Characteristic STEMI (n = 22) NSTEMI (n = 23) All patients (n = 45) P value
Women (%) 8 (36.4) 10 (43.5) 18 (40) 0.763
Mean age, years (SD) 68.7 + 12.4 75.7 £ 9.7 722 £ 11.5 <0.05
Age > 75 years (%) 7 (31.8) 16 (69.9) 22 (48.9) <0.05
Serum creatinine > 1.5 mg/dl 3 (13.6) 8 (34.8) 11 (24.4) 0.16
Creatinine Clearance < 60 ml (%) 9 (40.9) 14 (60.9) 23 (51.1) 0.23
First cardiac event (%) 15 (68.2) 10 (43.5) 25 (55.6) 0.085
Three vessel disease (%) 6 (27.3) 10 (43.5) 16 (35.6) 0.20
LVEF < 40% 5(22.7) 6 (26.1) 11 (24.4) 1.00
Cardiogenic shock (%) 7 (31.8) 4 (17.4) 11 (24.4) 0.31
IABP (%) 3 (13.6) 0 (0) 3 (13.6) 0.109
Death (%) 5(22.7) 2 (8.7) 7 (156) 0.243
Hospital stay, days SD 119+ 74 17 £ 12.6 14.6 + 10.7 0.11

focused our data evaluation on the development of CIN
during ACS as a possible complication of primary coronary
intervention. Furthermore we pointed out the predisposing
factors for developing CIN in STEMI and NSTEMI. Acute
renal deterioration occurred in 11.5% (n = 45) of all
patients undergoing coronary intervention and it was a
strong predictor of in hospital morbidity and mortality.
Patients with CIN had a more prolonged and complicated
clinical course and a significant higher in-hospital mortality
(15.6 vs. 6.1%).

In patients with ACS undergoing an emergent coronary
intervention there are two well-known reasons for devel-
oping acute renal impairment. The first one is the direct
toxicity of contrast medium [13] and the second one is the
frequent systemic hemodynamic alteration, like blood
pressure irregularities and a reduced systemic perfusion
pressure in acute cardiac events [35]. The direct toxicity
seems to be worse in patients with pre-existing renal
insufficiency, diabetes mellitus, and atherosclerosis.
Experimental studies showed, that after contrast medium
exposure the renal blood flow and the glomerular filtration
rate was reduced. This is due to a direct renal vasocon-
striction effect of contrast medium [1], leading to ischemic
kidney injury.

The incidence of a three vessel disease was higher in
patients with NSTEMI than in patients with STEMI. We
believe this finding to be attributable to an increased
atherosclerotic burden in those patients. Montalescot et al.
[21] demonstrated that patients with NSTEMI are older and
have a greater amount of cardiovascular risk factors. This
is in line to our findings. In addition to this, the contrast
medium causes an increased diuresis through its osmotic
effect leading to an intensified dehydration. This causes a
decrease in renal blood flow and might pronounce the
deleterious effect of contrast medium [8]. Furthermore
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almost 20% of these patients had a pre-existing renal
insufficiency.

In contrast to this, patients with STEMI are younger
and show less frequent cardiovascular risk factors except
smoking which occurs more often in this group. These
patients show a more severe clinical course including
a cardiogenic shock. This systemic hemodynamic alter-
ation leads to a reduced renal blood flow and could cause
an acute renal impairment [17]. According to this, it is
more complicated to differentiate between the toxic
effect of the contrast agent and the acute renal failure
through systemic hemodynamic impairment in STEMI
patients.

In summary we could show for the first time, that there
is no difference in developing CIN between NSTEMI and
STEMI patients. However, we found several factors pre-
disposing CIN independent from the underlying course of
ACS like age (age >75 years), co-morbidity, hemodynamic
impairment (LVEF <40% and cardiogenic shock) espe-
cially in STEMI patients and preexisting renal dysfunction
(serum creatinine >1.5 mg/dl) mainly in NSTEMI patients.
That leads to the hypothesis that hemodynamic alterations
in the sense of prerenal impairment in STEMI and the
atherosclerotic burden in the sense of renal failure in
NSTEMI are the two different etiologies mainly underlying
CIN in both groups of ACS patients. This points out the
problem of differentiating between the toxic effect of
contrast medium and systemic hemodynamic alteration
leading to pre-renal kidney injury.

Apart from this, the development of CIN was associated
with a significant longer in-hospital stay as well as a sig-
nificantly higher mortality rate. In the multivariate analysis
we could even show that CIN is an independent risk factor
for increased in-hospital mortality—comparable with the
development of a cardiogenic shock.
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Study limitations

Although our study included more subjects than compa-
rable studies, the relative limitations are those inherent in a
single blind, single center study. Furthermore the group of
patients who developed CIN is too small for a comparison
between STEMI and NSTEMI with significant values.
Thus, our findings should be confirmed in a larger multi-
center trial. Furthermore, the definition of CIN is based on
the absolute relative increase in Cr level, compared with
baseline value, after a patient has been exposed to contrast
agent, when alternative definitions have been excluded.

Conclusion

In times of acute PCI as state of the art therapy for ACS,
CIN is a frequent and severe complication, even in patients
without preexisting renal failure.

The results of this study show, that patients with
NSTEMI and STEMI have a similar incidence of this
complication although the underlying mechanisms might
be different. Nevertheless, the mortality rate in patients
with STEMI is more than two times higher. Especially in
this group impaired hemodynamics seems to be an
important cause not only for CIN. In contrast NSTEMI
patients seem to suffer more from atherosclerotic burden as
they present multivessel disease and preexisting renal
dysfunction in a higher percentage.

This suggests that effort should be undertaken in early
hemodynamic stabilization in STEMI patients whereas
patients with NSTEMI could benefit more from a pre-
ventive strategy of renal protection like hydration before
percutaneous intervention. This needs to be validated in a
large prospective, randomized trial.

References

1. Arend LJ, Bakris GL et al (1987) Role for intrarenal adenosine in
the renal hemodynamic response to contrast media. J Lab Clin
Med 110(4):406-411

2. Bauer T, Hoffmann R et al (2009) Efficacy of a 24-h primary
percutaneous coronary intervention service on outcome in
patients with ST elevation myocardial infarction in clinical
practice. Clin Res Cardiol 98(3):171-178

3. Best PJ, Lennon R et al (2002) The impact of renal insufficiency
on clinical outcomes in patients undergoing percutaneous coro-
nary interventions. J Am Coll Cardiol 39(7):1113-1119

4. Bode C, Zirlik A (2007) STEMI and NSTEMI: the dangerous
brothers. Eur Heart J 28(12):1403-1404

5. Cockcroft DW, Gault MH (1976) Prediction of creatinine clear-
ance from serum creatinine. Nephron 16(1):31-41

6. D’Elia JA, Gleason RE et al (1982) Nephrotoxicity from angio-
graphic contrast material. A prospective study. Am J Med
72(5):719-725

10.

11.

12.

13.

14.

15.

16.

17.

18.

20.

21.

22.

23.

24.

25.

26.

. Debrunner M, Schuiki E et al (2008) Proinflammatory cytokines

in acute myocardial infarction with and without cardiogenic
shock. Clin Res Cardiol 97(5):298-305

. Deray G, Baumelou B et al (1991) Renal vasoconstriction after

low and high osmolar contrast agents in ischemic and non
ischemic canine kidney. Clin Nephrol 36(2):93-96

. Elsasser A, Nef H et al (2005) Clopidogrel in acute coronary

syndrome: when, how much, how long? Z Kardiol 94(6):377-382
Gruberg L, Mintz GS et al (2000) The prognostic implications of
further renal function deterioration within 48 h of interventional
coronary procedures in patients with pre-existent chronic renal
insufficiency. J Am Coll Cardiol 36(5):1542-1548

Hamm CW (2004) Guidelines: acute coronary syndrome (ACS).
1: ACS without persistent ST segment elevations. Z Kardiol
93(1):72-90

Hamm CW (2004) Guidelines: acute coronary syndrome (ACS).
II: Acute coronary syndrome with ST-elevation. Z Kardiol
93(4):324-341

Humes HD, Hunt DA et al (1987) Direct toxic effect of the
radiocontrast agent diatrizoate on renal proximal tubule cells. Am
J Physiol 252(2 Pt 2):F246-F255

Iijima R, Ndrepepa G et al (2008) Troponin level and efficacy of
abciximab in patients with acute coronary syndromes undergoing
early intervention after clopidogrel pretreatment. Clin Res
Cardiol 97(3):160-168

Keeley EC, Boura JA et al (2003) Primary angioplasty versus
intravenous thrombolytic therapy for acute myocardial infarction:
a quantitative review of 23 randomised trials. Lancet
361(9351):13-20

Khattab AA, Abdel-Wahab M et al (2008) Multi-vessel stenting
during primary percutaneous coronary intervention for acute
myocardial infarction. A single-center experience. Clin Res
Cardiol 97(1):32-38

Lameire N, Van Biesen W et al (2005) Acute renal failure. Lancet
365(9457):417-430

Marenzi G, Lauri G et al (2004) Contrast-induced nephropathy in
patients undergoing primary angioplasty for acute myocardial
infarction. J Am Coll Cardiol 44(9):1780-1785

. McCullough PA, Adam A et al (2006) Epidemiology and

prognostic implications of contrast-induced nephropathy. Am
J Cardiol 98(6A):5K-13K

Meyborg P, Abdel-Wahab M et al (2007) Relationship between
therapeutic time intervals and intermediate term left ventricular
systolic function in patients treated with facilitated percutaneous
coronary intervention for acute myocardial infarction. Clin Res
Cardiol 96(2):94-102

Montalescot G, Dallongeville J et al (2007) STEMI and NSTE-
MI: are they so different? 1 year outcomes in acute myocardial
infarction as defined by the ESC/ACC definition (the OPERA
registry). Eur Heart J 28(12):1409-1417

Parfrey PS, Griffiths SM et al (1989) Contrast material-induced
renal failure in patients with diabetes mellitus, renal insuffi-
ciency, or both. A prospective controlled study. N Engl J Med
320(3):143-149

Pohlen M, Bunzemeier H et al (2008) Risk predictors for adverse
outcomes after percutaneous coronary interventions and their
related costs. Clin Res Cardiol 97(7):441-448

Prechelt L, Lanzer P (2007) On understanding the power of
judgement in percutaneous coronary intervention. Clin Res
Cardiol 96(4):199-203

Recio-Mayoral A, Chaparro M et al (2007) The reno-protective
effect of hydration with sodium bicarbonate plus N-acetylcysteine
in patients undergoing emergency percutaneous coronary inter-
vention: the RENO Study. J Am Coll Cardiol 49(12):1283—-1288
Reinecke H, Fobker M et al (2007) A randomized controlled
trial comparing hydration therapy to additional hemodialysis or

@ Springer



772

Clin Res Cardiol (2009) 98:765-772

217.

28.

29.

30.

31.

32.

N-acetylcysteine for the prevention of contrast medium-induced
nephropathy: the Dialysis-versus-Diuresis (DVD) Trial. Clin Res
Cardiol 96(3):130-139

Rihal CS, Textor SC et al (2002) Incidence and prognostic
importance of acute renal failure after percutaneous coronary
intervention. Circulation 105(19):2259-2264

Sadeghi HM, Stone GW et al (2003) Impact of renal insufficiency
in patients undergoing primary angioplasty for acute myocardial
infarction. Circulation 108(22):2769-2775

Scheller B (2007) How to protect from contrast media-induced
nephropathy? Clin Res Cardiol 96(3):125-129

Shlipak MG, Heidenreich PA et al (2002) Association of renal
insufficiency with treatment and outcomes after myocardial
infarction in elderly patients. Ann Intern Med 137(7):555-562
Tepel M (2006) Preventing nephropathy induced by contrast
medium. N Engl J Med 354(17):1853—1855 (author reply 1853-5)
Van de Werf F, Ardissino D et al (2003) Management of acute
myocardial infarction in patients presenting with ST-segment

@ Springer

33.

34.

35.

36.

37.

elevation. The Task Force on the management of acute myo-
cardial infarction of the European Society of Cardiology. Eur
Heart J 24(1):28-66

Walsh CR, O’Donnell CJ et al (2002) Elevated serum creatinine
is associated with 1-year mortality after acute myocardial
infarction. Am Heart J 144(6):1003-1011

Weinrauch LA, Healy RW et al (1977) Coronary angiography
and acute renal failure in diabetic azotemic nephropathy. Ann
Intern Med 86(1):56-59

Wilansky S, Moreno CA et al (2007) Complications of myocar-
dial infarction. Crit Care Med 35(8 suppl):S348-S354

Wright RS, Reeder GS et al (2002) Acute myocardial infarction
and renal dysfunction: a high-risk combination. Ann Intern Med
137(7):563-570

Yusuf S, Zhao F et al (2001) Effects of clopidogrel in addition
to aspirin in patients with acute coronary syndromes without
ST-segment elevation. N Engl J Med 345(7):494-502



	Contrast medium induced nephropathy in patients undergoing percutaneous coronary intervention for acute coronary syndrome: differences in STEMI and NSTEMI
	Outline placeholder
	Abstract
	Background
	Methods
	Results
	Conclusion

	Introduction
	Methods
	Study population
	Study protocol
	Coronary intervention
	Definitions
	Statistical analysis

	Results
	Incidence of CIN and clinical characteristics
	The relation of CIN with in-hospital outcome
	Differences in STEMI and NSTEMI
	Differences in STEMI and NSTEMI in patients developing CIN
	Independent correlates of CIN
	Independent correlates of death

	Discussion
	Study limitations

	Conclusion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


