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Relationship between red cell distribution width and
contrast-induced nephropathy in patients who underwent
primary percutaneous coronary intervention
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ABSTRACT

Objective: This study evaluated the relationship between
contrast-induced nephropathy (CIN) and red cell distribution
width (RDW) in patients who underwent primary percutane-
ous coronary intervention (PCI).

Methods: A total of 359 patients with ST elevation myocar-
dial infarction (STEMI) who had undergone primary PCI were
included in the study. An increase of 25% in serum creatinine
value after 48 h, or an increase of >0.5 mg/dL in the basal
value was defined as CIN.

Resulis: Of the patients included in the study, 49 (13.8%)
developed CIN. Compared to the CIN-negative group, CIN-
positive patients had increased RDW values (16.9+2.00 and
14.8+2.14 respectively, p<0.001). The latter were also older
patients, and had increased age rates of diabetes mellitus,
baseline creatinine, A-creatinine and amount of contrast
media were higher and left ventricular ejection fraction and
baseline glomerular filtration rate (GFR) were lower in the
CIN-positive group than in the CIN-negative group. A statisti-
cally weak correlation was found between RDW and change
in creatinine levels (A-creatinine) (r=0.250, p=0.002). Diabe-
tes mellitus (odds ratio [OR]: 3.252, 95% Cl=1.184-8.951,
p=0.022), high RDW (OR: 1.716, 95% Cl=1.363-2.157,
p<0.001), baseline low GFR (OR: 0.941, 95% CI=0.925—
0.971, p<0.001), A-creatinine (OR: 1.197, 95% CIl=1.061-
2.986, p=0.006) and increased amount of contrast media
(OR: 1.187, 95% CI=1.048-3.02, p=0.001) used were ob-
served as independent predictors of CIN.

Conclusion: The study found diabetes mellitus, high RDW,
basal low GFR, A-creatinine and increased contrast amount
used to be the independent predictors of CIN in STEMI pa-
tients who underwent PCI.

OZET

Amac: Bu ¢alismada, primer perkiutan koroner girisim (PKG)
uygulanan hastalarda eritrosit dagihm genigligi (EDG) ile
kontrast madde nefropatisi (KMN) arasindaki iliskiyi incele-
meyi amagcladik.

Yéntemler: Galismaya ST yukselmeli miyokart enfarktusu
(STYME) nedeniyle primer PKG uygulanan toplam 359 has-
ta alindi. Baglangi¢c degerlere gore PKG’den 48 saat sonra
serum kreatinin degerinin %25 ya da 0.5 mg/dI’nin Uzerinde
artmasi KMN olarak tanimlandi.

Bulgular: Calismaya alinan hastalarin %13.8'inde  KMN
gelisti. EDG degerleri KMN gelisen grupta KMN gelisme-
yen gruba gore anlaml derecede daha yuksekti (sirasiyla,
16.9+2.00 ve 14.8+2.14, p<0.001). KMN gelisen grupta KMN
gelismeyen gruba gore, yas, diabetes mellitus sikligi, baglan-
gi¢ kreatinin, A- kreatinin ve kontrast madde miktari belirgin
olarak daha yuksek iken sol ventrikul ejeksiyon fraksiyonu ve
baslangi¢ glomerul filtrastyon hizi (GFH) daha dusuktu. EDG
ile kreatinin seviyesindeki degisiklik (A- kreatinin) arasinda
istatistiksel olarak zayif iliski saptandi (r=0.250, p=0.002).
Diabetes mellitus (odds orani [OO]: 3.252, %95 GA=1.184—
8.951, p=0.022), yuksek EDG (OO: 1.716, %95 GA=1.363—
2.157, p<0.001), baslangi¢ dusuk GFH (OO: 0.941, %95
GA=0.925-0.971, p<0.001), kreatinin seviyesindeki degisiklik
(A- kreatinin) (OO 1.197, %95 GA 1.061-2.986, p=0.006) ve
yuksek kontrast madde miktari (OO: 1.187, %95 GA=1.048—
3.02, p=0.001) KMN gelisimi icin bagimsiz dngorduruculer
olarak gozlendi.

Sonuc: Diabetes mellitus, yuksek EDG, baslangic dusuk
GFH, kreatinin seviyesindeki degisiklik ve yuksek kontrast
madde miktari, STYME nedeniyle primer PKG uygulanan
hastalarda KMN i¢in bagimsiz dngorduruculerdir.
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Contrast induced nephropathy (CIN) is an acute
renal insufficiency defined as a 25% or 0.5 mg/
dL increase over the baseline of the serum creatinine
level 24 h to 72 h after intravascular administration of
a contrast agent in the absence of another cause.!'? It
follows decreased renal perfusion and administration
of nephrotoxic medications as the third most common
cause of renal insufficiency during hospitalization.
B1 The risk of CIN increases in the presence of pre-
existing renal disease, advanced age, hypertension,
and diabetes mellitus. The amount of contrast agent
administered is also a risk factor.**! Renal ischemia
caused by anemia increases the incidence of CIN, and
earlier studies have indicated the increased incidence
of CIN in patients with high C-reactive protein (CRP)
levels.[ Among other diagnostic and interventional
procedures, CIN is more common after coronary an-
giography and percutaneous coronary intervention
(PCI)." Tt is common in patients with hemodynamic
instability, multivessel disease, and acute coronary
syndromes.®! CIN increases cardiac morbidity and
mortality. Therefore, predicting contrast nephropathy
and initiating therapeutic preventive strategies are im-
portant. Red cell distribution width (RDW), which is
easily measured, is an indicator of variability in the
size of circulating red blood cells.”! Previous studies
have demonstrated a strong correlation between in-
flammatory markers, such as serum CRP levels, and
sedimentation with RDW.I'Y Inflammation destroys
erythrocyte membranes, interferes with the matura-
tion of erythrocytes, and increases RDW.!'I Previous
studies have suggested a correlation between RDW
and cardiovascular diseases such as acute myocardial
infarction, heart failure, and peripheral arterial dis-
ease which have a high rate of mortality and morbidi-
ty.l!2"151 CIN and high RDW values are correlated with
increased cardiovascular morbidity and mortality.

The objective of this study was to determine the
relationship between RDW in acute ST elevation
myocardial infarction (STEMI) patients undergoing
primary PCI and the development of CIN.

METHODS

Patients and study design

The study population comprised 359 patients who
were admitted to hospital with the diagnosis of STE-
MI in the first 12 hours and underwent primary PCI

between AuguSt Abbreviations:
2011 and Decem-
ber 2013. Exclu- ow

Confidence interval
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CRP C-reactive protein

as follows: end- GFR Glomerular filtration rate
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Receiver operating characteristic

30 ml/1.73, known RO¢

STEMI
allergy to contrast
agents, left ventricular ejection fraction (LVEF) be-
low 30%, presence of infectious or inflammatory dis-
ease, a recent history of contrast administration in the
previous month, history of malignancy, autoimmune
disease, hyperthyroidism, hypothyroidism, severe
hepatic disease and cardiogenic shock. Demographic
characteristics of the patients, cardiovascular risk
factors (smoking, hypertension, diabetes mellitus,
hyperlipidemia), family history of heart disease and
blood pressures were recorded. Before percutaneous
intervention, patients were administered 300 mg of
aspirin and 600 mg of clopidogrel and 5000—10000
U of intravenous heparin, according to body weight.
Flow of the infarct-related arteries was evaluated ac-
cording to the Thrombolysis In Myocardial Infarc-
tion (TIMI) grading system. Percutaneous coronary
interventions were performed only on infarct-related
arteries. All the patients were admitted to the coro-
nary care unit after intervention, and all had taken
an isotonic saline solution at a rate of 100 cc/hour
after just PCI. Aspirin (100 mg) and clopidogrel and
angiotensin converting enzyme inhibitors and statins
were administered to all the patients in accordance
with ACC/AHA guidelines

ST elevation myocardial infarction

Biochemical analysis

Venous blood samples were drawn on admission.
Glucose, total cholesterol (TC), high density lipo-
protein cholesterol (HDL-C), low density lipoprotein
cholesterol (LDL-C), triglyceride (TG), RDW, white
blood cell count, platelet and hemoglobin levels, cre-
atinine concentrations, baseline GFR and CRP were
measured from the serum in the laboratory. Creatinine
levels 48 hours after the primary PCI were measured,
and the A-creatinin levels (difference between initial
and 48-hour creatinine levels) were calculated. Com-
plete blood count was analyzed using a Roche Sys-
mex XT-2000i (Roche Diagnostic Corporation, India-
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napolis, IN). The normal range for RDW is 11% to
16% according to the product manufacturer.

Transthoracic echocardiography

Transthoracic echocardiographic examinations were
performed using Esaote My Lab 50, (3,5mHz, Flor-
ence, Italy). Parasternal long-axis views were obtained
with the patient in the left lateral decubitus position.
Left ventricular diastolic and systolic diameters, in-
terventricular septum and LVEF were measured and
fractional shortenings calculated according to modi-
fied Simpson’s rule.

Definitions

Diagnosis of STEMI was performed based on admis-
sion ECG according to the following criteria: ST-seg-
ment elevation in at least two consecutive derivations
(for chest derivations >2 mm and for extremity deri-
vations >1 mm) or new development of left bundle
branch block.l'® Hypertension was defined as blood
pressure of 140/90 mmHg or higher for at least two
measurements, or earlier usage of antihypertensive
drugs. Diabetes mellitus was defined as fasting blood
glucose level of 126 mg/dL or higher for at least two
measurements, or earlier usage of antidiabetic drugs.
Diagnosis of CIN was performed if there was an ab-
solute increase in serum creatinine levels of at least
0.5 mg/dL, or a relative increase of at least 25% over
baseline value at 48 h after administration of the con-
trast agent. It was graded as grade O if the increase
was <25% and <0.5 mg/dL; grade 1 if >25% but less
than 0.5 mg/dL; and grade 2 if increased >25% and
more than 0.5 mg/dL.!'"! Creatinine clearance was cal-
culated according to the Cockcroft Gault formula.!'®!
Iohexol (Omnipaque, GE Healthcare, UK), a nonionic
iso-osmolar contrast agent, was used for all patients.
The study protocol was approved by the local Eth-
ics Committee and written informed consent was ob-
tained from all patients.

Statistics

Statistical analyses were performed using SPSS soft-
ware (Version 18.0, SPSS Inc., Chicago, IL, USA).
Distribution of the variables was analysed using the
Kolmogorov-Simirnov test. Parametric variables
were expressed as meantstandard deviation, and
categorical variables were presented as percentages.
Non-parametric variables were expressed as median
(minimum-maximum). The differences between nor-

mally distributed numeric variables were evaluated
by the Student’s t-test, and non-normally distributed
variables were analyzed using the Mann—Whitney U
test variance analysis. The Chi-square test was used to
compare the categorical variables and Fisher’s exact
test was used if needed. The correlation among vari-
ables was analyzed with Spearman rank correlation
tests. After univariate logistic regression analysis, all
variables significant at the p<0.25 level were entered
into the Backward LR logistic regression model to
define the independent predictors of CIN. The Wald
test for significance was performed to determine the
contribution of each variable to the model based on
the odds ratio (OR) and 95% confidence interval (CI).
Receiver operating characteristic (ROC) curves were
plotted to determine the optimal cutoff values for
RDW levels in predicting CIN. Two sided p-values of
less than 0.05 were considered statistically significant.

RESULTS

Mean age of the 359 patients in the study was 55.1
years (range: 32-79). Among the patients, 84.4%
were male and 15.6% female. CIN developed in 49
(13.8%) of patients, among whom 10.1% were classi-
fied as Grade 1 and 3.7% Grade 2.

Clinical, demographic, laboratory, and angio-
graphic findings of both groups are given in Table 1.
No difference was found between the two groups in
terms of sex, hypertension, smoking status, dyslip-
idemia, hemoglobin levels and localization of myo-
cardial infarction (p>0.05). Patients were older in the
CIN-positive group than in the CIN-negative group
(62.2 [35.3-79] vs. 53.4 [32-75] years, p<0.001).
Diabetes mellitus was more common in patients who
developed CIN than in those who did not (42.8% vs.
17.9%, p<0.001). Ejection fraction and baseline GFR
were lower in the CIN-positive group than in the CIN-
negative group. However, baseline serum creatinine
(Cr) was significantly higher in the CIN-positive
group than in the CIN-negative group (1.1+£0.43 mg/
dL vs. 0.8+0.16 mg/dL, p<0.001). After 48 hours,
in CIN-positive group Cr values significantly high
(1.7+£0.91 mg/dL vs. 0.9+£0.17 mg/dL, p<0.001). In-
crease on A-Cr was significantly high in CIN-pos-
itive group (0.6+£0.58 vs. 0.1£0.07, p<0.001). The
amount of contrast agent administered during inter-
vention was higher in the CIN-positive group than in
the CIN-negative group (258+60 ml vs. 212465 ml,
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Table 1. Baseline clinical, laboratory and angiographic characteristics

Variables CIN (-) (n=307) CIN (+) (n=49) p
n Y% Mean+SD n % Mean+SD
Age, years 53.4 32-75 62.2 35.3-79 <0.0012
Sex, male 261 85 41 83.6 0.808°
Diabetes mellitus 55 17.9 21 42.8 <0.001°
Hypertension 118 38.7 26 53 0.059°
Smoking 175 57 22 44.6 0.064°
Dyslipidemia 148 48.2 17 34.6 0.078°
Family history 70 22.8 7 14.2 0.179°
History of coronary artery disease 24 7.8 5 10.2 0.368¢
Preinfarction angina 71 23.4 12 24.4 0.874°
Myocardial infarction type, anterior 156 50.8 31 63.2 0.105°
Killip status (=2) 48 15.6 12 24.4 0.124°
Systolic blood pressure (mmHg) 133 120-153 138 125-160 0.4212
Diastolic blood pressure (mmHg) 76 68-85 82 70-92 0.7652
Heart rate (/min) 76+13 75+18 0.707¢
Baseline creatinine (mg/dl) 0.8+0.16 1.1£0.43 <0.001°¢
Creatinine at 48" hour (mg/dl) 0.9+0.17 1.7+0.91 <0.001°¢
Baseline GFR (mg/min/1.73 m?) 89.7+20 68.7+17 <0.001°
A creatinine 0.1+0.07 0.6+0.58 <0.001¢
White blood cell count (10%/mL) 12.2+3.21 12.9+4.30 0.294¢
Neutrophil (10%/uL) 9.3+3.10 10.3+4.00 0.109°
Lymphocyte (10%/uL) 1.9+0.97 1.7+0.76 0.043¢
Hemoglobin (gr/dL) 13.2+1.62 12.7+2.13 0.071¢
Red cell distribution width (%) 14.8+2.14 16.9+2.00 <0.001¢
Glucose (mg/dl) 143 90-155 180 102—-205 0.0072
Total cholesterol (mg/dL) 185+42 177+50 0.266°
LDL-cholesterol (mg/dL) 122+38 117+43 0.353°
HDL-cholesterol (mg/dL) 35+11 33x10 0.230¢
Triglyceride (mg/dL) 135 80—290 138 70-300 0.7682
C-reactive protein 11 2-30 13 3-35 0.3562
Left ventricular ejection fraction (%) 48.1+7.70 43.1+8.91 <0.001°¢
Amount of contrast media (ml) 212+65 258+60 <0.001°
Number of diseased vessels
1- vessel 196 64.1 28 57.1 0.427°
2- vessel 79 26 17 34.6 0.224°
3- vessel 30 9.8 4 8.2 0.484¢
Infarct-related artery
Left anterior descending 162 52.7 31 63.2 0.168°
Left circumflex 41 13.3 6 12.2 0.529°
Right coronary artery 95 31.2 12 24.4 0.238°
Postprocedural TIMI flow (=3) 282 91.8 44 89.7 0.630°
Stent usage 288 93.8 45 91.8 0.602°

a: Mann-Whitney U test; b: Chi-Square test, ¢: Student’s t test; d: Fisher’s exact test. CIN: contrast induced nephropathy; A creatinine: Increase
of creatinine in 48 hours; GFR: Glomerular filtration rate; HDL: high density lipoprotein; LDL: Low density cholesterol; TIMI: Thrombolysis in myo-
cardial infarction.
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Table 2. Independent predictors of contrast induced nephropathy based on multivariate backward logistic regression
analysis in patients with percutaneous coronary intervention

Odds-ratio (95% CI) Wald p
Multivariate
Diabetes mellitus 3.252 (1.184-8.951) 5.40 0.022
Red cell distribution width 1.716 (1.363-2.157) 11.01 <0.001
Baseline glomerular filtration rate 0.941 (0.925-0.971) 9.86 <0.001
A creatinine 1.197 (1.061-2.986) 7.57 0.006
Amount of contrast media 1.187 (1.048-3.012) 8.23 0.001

A creatinin: increase of creatinine in 48 hours.

p<0.001). RDW values were significantly higher in
patients who developed CIN than in those who did
not (16.9+£2.00, 14.8+2.14, p<0.001). No difference
was found between CIN Grade 1 (17 [13.2-20.1]) and
CIN Grade 2 patients (16.3 [12.4-20.6]) (p>0.05).
Angiographic data showed no difference was found
in the number of diseased vessels, infarct-related
vessels and post-procedural effective flow between
the groups (p>0.05). A weak correlation was found
between RDW and change in creatinine levels (A-
creatinine) (r=0.250, p<0.001). When age, diabetes,
hypertension, smoking, dyslipidemia, family history,

ROC Curve
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Figure 1. ROC curve analysis of RDW values to predict the
developing of CIN. The cutoff value for RDW obtained by the
ROC curve analysis was 15.2% for the prediction of CIN (AUC:
0.756 [0.681-0.831], p<0.001).

MI type (anterior), Killip status, baseline creatinine,
creatinine at 48" hour, baseline GFR, A-creatinine,
neutrophil, lymphocyte, hemoglobin, RDW, glucose,
HDL-cholesterol, number of diseased vessels, infarct-
related artery, LVEF and amount of contrast media
were entered univariate logistic regression, multi-
variate backward logistic regression analysis revealed
that diabetes (OR 3.252, 95% confidence interval
(CI) 1.184-8.951, p=0.022), RDW (OR 1.716, 95%
CI 1.363-2.157, p<0.001), baseline GFR (OR 0.941,
95% CI 0.925-0.971, p<0.001), A-creatinine (OR
1.197, 95% CI 1.061-2.986, p=0.006) and amount
of contrast media (OR 1.187, 95% CI 1.048-3.012,
p=0.001) were the independent predictors of develop-
ment of CIN in STEMI patients who underwent PCI
(Table 2). The cutoff value for RDW obtained by the
ROC curve analysis was 15.2% for prediction of CIN
(AUC: 0.756 [0.681-0.831], p<0.001) (sensitivity:
75%, specificity: 62%) in the population (Figure 1).

DISCUSSION

This study examined the relationship between de-
velopment of CIN and RDW levels in patients who
were admitted with STEMI and underwent primary
PCI. Interestingly, we found higher RDW levels in
patients with CIN, which increases cardiovascular
mortality and morbidity. Also, high RDW, diabetes
mellitus, basal low GFR, A-creatinine and amount of
contrast used were found to be independent predic-
tors for CIN. A 15.2% and higher RDW cut-off value
was 77.6% sensitivity and 63% specificity for predic-
tion of CIN. We determined a positive correlation be-
tween A-creatinine and RDW, especially before and
48 h after the PCI. Our results concur with the data of
the study of Kurtul et al."”! With the increased use of
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contrast agents for diagnostic and interventional pro-
cedures, CIN has become one of the most common
causes of impaired renal function during hospitaliza-
tion. Impaired renal function, independent of etiol-
ogy, increases in-hospital mortality by 20%.! Among
other diagnostic and interventional procedures, CIN is
more common after coronary angiography and PCL.!"

Prediction of CIN and protection from it are im-
portant for decreasing hospitalization and mortality
and morbidity. Although creatinine shift is important
for a diagnosis of CIN, prediction of CIN is still a
problem. Even if there are some predisposing factors
for CIN, such as age, diabetes, heart failure, anemia,
decreased renal function, hypotension, hypovolemia,
and amount of contrast media, CIN may not develop
in some patients.”*) Hence, there is a need for new
biomarkers for predicting CIN.

Variations in red blood cell volume and size can
be analyzed with well-developed laboratory devices.
Volume is defined as mean corpuscular volume and
variation in red blood cell size is defined as RDW.!2"
RDW is related to heterogeneity in red blood cell size
(anisocytosis). Increased RDW is usually seen in pa-
tients with comorbid conditions, and it has been related
to morbidity and mortality. In recent years, RDW has
been shown to be an effective biomarker for chronic
inflammation and oxidative stress.?!! Our study is the
second in the literature to show a relationship between
increased RDW and increased risk of CIN in patients
with STEMI who have undergone PCI. However, the
main difference between our study and the study con-
ducted by Kurtul et al.l"! is our enrollment of STEMI
patients. Kurtul et al. included STEMI, non-STEMI,
and unstable angina patients. They did not classify
STEMI patients as a distinct category in their study.
They used more contrast agents during PCI in patients
with STEMI than in those undergoing elective PCI,
and reported that they used a mean 174+76 ml con-
trast agent in patients with CIN, while we used a mean
258+64 ml contrast agent in our CIN patients. Hence,
our study contributes to other study data.

Although the pathophysiology of CIN is not well
known, many mechanisms are suggested. Proximal
tubular vacuolar changes and direct tubular toxicity
dependent on free oxygen radicals after radiocontrast
substance applications have been shown as mecha-
nisms in previous in vitro and in vivo studies.??%
Also, a contrast-related increase of blood viscosity

may cause change in medullar microcirculation, which
in turn may lead to degradation of parenchymal oxy-
genation, medullar hypoxia, formation of free radicals
and endothelial dysfunction.?*2% Ischemia related to
the release of endothelin- and angiotensin-converting
enzymes and the toxic effect of oxygen free radicals
play a role in the pathogenesis of CIN development.
(27281 Contrast agents increase the oxygen affinity of
hemoglobin and impair oxygen delivery to peripheral
tissues. In the case of anemia, when a contrast agent is
administered, it may aggravate the existing local renal
ischemia and lead to CIN development.

Previous studies have suggested that high RDW
is related to increased mortality in patients who had
undergone coronary angiography, and also in patients
who had PCI for acute myocardial infarction.?3"
RDW is prevalent in patients with chronic inflamma-
tory diseases, renal insufficiency, advanced age, and
nutritional deficiencies, and thus it may be related to
increased mortality.*'*? An independent correlation
exists between RDW and inflammatory markers such
as CRP and sedimentation.!'"” Several studies have
demonstrated the relationship between inflammation
and coronary artery diseases. Inflammatory markers
such as CRP are used for risk assessment of patients
at risk for cardiovascular disease.*3! Development of
acute renal insufficiency is more frequent in patients
who have high inflammatory markers. Previous stud-
ies have indicated an increased incidence of CIN in
patients with high CRP levels.[¥! There was no signifi-
cant difference between the two groups in terms of
CRP in the present study. RDW is related to both ane-
mia and inflammatory processes. It is easily measured
as part of routine laboratory testing with no additional
cost.

The incidence of CIN was 13.8% in this study and
8% to 13% in previous studies concerning PCI.B+3¢
Mehran et al. demonstrated that CIN develops more
commonly in high-risk patients after PCIL.?! Some of
the high risk factors include diabetes mellitus, con-
gestive heart failure, pulmonary edema, hypotension,
anemia, the need for intra-aortic balloon pumping,
and an excess amount of contrast agent. Some risk
factors such as diabetes mellitus, amount of contrast
agent, and baseline low GFR were corroborated in
this study. Moreover, RDW values were shown to be
related to CIN development. In the present study, CIN
development was more common in patients with high
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RDW values than in those with low RDW values. In
a previous study, it has been shown that mortality and
morbidity increase when CIN grade increases.!'” In
our findings, although no difference in RDW values
was found between patients with Grade 1 and those
with Grade 2 CIN development, there were signifi-
cant differences between Grade 0 and grades 1 and 2.
This study is important as RDW can be used for the
prediction of CIN development after PCI without any
additional cost.

Limitations

This work is a retrospective single-institution study.
We were not able to compare RDW with other inflam-
matory markers.

Conclusions

This study shows that RDW is an independent pre-
dictor of CIN development in STEMI patients who
underwent PCI. Because all patients who undergo
primary PCI because of STEMI have routine blood
counting and RDW, RDW is very feasible parameter
for the evaluation of CIN. Large prospective multi-
center studies are required in the future to further un-
derstand the role of RDW as a risk prediction marker
of CIN.

Funding: This study was not financially supported.

Conflict-of-interest issues regarding the authorship or
article: None declared

REFERENCES

1. Tepel M, Aspelin P, Lameire N. Contrast-induced nephropa-
thy: a clinical and evidence-based approach. Circulation
2006, 113:1799-806. CrossRef

2. Mehran R, Nikolsky E. Contrast-induced nephropathy: defi-
nition, epidemiology, and patients at risk. Kidney Int Suppl
2006,100 11-5. CrossRef

3. Nash K, Hafeez A, Hou S. Hospital-acquired renal insuffi-
ciency. Am J Kidney Dis 2002;39:930—6. CrossRef

4. Parfrey PS, Griffiths SM, Barrett BJ, Paul MD, Genge M,
Withers J, et al. Contrast material-induced renal failure in pa-
tients with diabetes mellitus, renal insufficiency, or both. A
prospective controlled study. N Engl J Med 1989;320:143-9.

5. Conen D, Buerkle G, Perruchoud AP, Buettner HJ, Mueller
C. Hypertension is an independent risk factor for contrast
nephropathy after percutaneous coronary intervention. Int J
Cardiol 2006;110:237—41. crossRef

6. Liu Y, Tan N, Zhou YL, Chen YY, Chen JY, Chen J, et al.
High-sensitivity C-reactive protein predicts contrast-induced

10.

11.

12.

14.

15.

16.

18.

19.

nephropathy after primary percutaneous coronary interven-
tion. J Nephrol 2012;25:332—-40. crossRef

Marenzi G, Lauri G, Assanelli E, Campodonico J, De Metrio
M, Marana I, et al. Contrast-induced nephropathy in patients
undergoing primary angioplasty for acute myocardial infarc-
tion. J Am Coll Cardiol 2004;44:1780-5. CrossRef

Senoo T, Motohiro M, Kamihata H, Yamamoto S, Isono T,
Manabe K, et al. Contrast-induced nephropathy in patients
undergoing emergency percutaneous coronary intervention
for acute coronary syndrome. Am J Cardiol 2010;105:624-8.
Khan F, Pechet L. Complete blood counts and diagnostic ap-
proach to anemias. Guide to Diagnostic Testing 2002:244.
Lippi G, Targher G, Montagnana M, Salvagno GL, Zoppini G,
Guidi GC. Relation between red blood cell distribution width
and inflammatory biomarkers in a large cohort of unselected
outpatients. Arch Pathol Lab Med 2009;133:628-32.

Weiss G, Goodnough LT. Anemia of chronic disease. N Engl
J Med 2005;352:1011-23. CrossRef

Dabbah S, Hammerman H, Markiewicz W, Aronson D.
Relation between red cell distribution width and clinical
outcomes after acute myocardial infarction. Am J Cardiol
2010,105312—7 CrossRef

. van Kimmenade RR, Mohammed AA, Uthamalingam S, van

der Meer P, Felker GM, Januzzi JL Jr. Red blood cell distribu-
tion width and 1-year mortality in acute heart failure. Eur J
Heart Fail 2010;12:129-36. CrossRef

Ye Z, Smith C, Kullo 1J. Usefulness of red cell distribution
width to predict mortality in patients with peripheral artery
disease. Am J Cardiol 2011;107:1241-5. CrossRef

Duran M, Uysal OK, Giinebakmaz O, Yilmaz Y, Akin F, Ba-
ran O, et al. Increased red cell distribution width level is asso-
ciated with absence of coronary collateral vessels in patients
with acute coronary syndromes. Turk Kardiyol Dern Ars
2013 ,41 :399-405. CrossRef

American College of Emergency Physicians; Society for
Cardiovascular Angiography and Interventions, O’Gara PT,
Kushner FG, Ascheim DD, Casey DE Jr, Chung MK, de
Lemos JA, et al. 2013 ACCF/AHA guideline for the manage-
ment of ST-elevation myocardial infarction: a report of the
American College of Cardiology Foundation/American Heart
Association Task Force on Practice Guidelines. ] Am Coll
Cardiol 2013;61:78-140. CrossRet

. Harjai KJ, Raizada A, Shenoy C, Sattur S, Orshaw P, Yaeger

K, et al. A comparison of contemporary definitions of contrast
nephropathy in patients undergoing percutaneous coronary
intervention and a proposal for a novel nephropathy grading
system. Am J Cardiol 2008;101:812-9. crossRef

Cockcroft DW, Gault MH. Prediction of creatinine clearance
from serum creatinine. Nephron 1976;16:31—41. CrossRet
Kurtul A, Yarlioglues M, Murat SN, Demircelik MB, Acik-
goz SK, Ergun G, et al. Red cell distribution width predicts
contrast-induced nephropathy in patients undergoing percu-
taneous coronary intervention for acute coronary syndrome.


http://dx.doi.org/10.1161/CIRCULATIONAHA.105.595090
http://dx.doi.org/10.1038/sj.ki.5000368
http://dx.doi.org/10.1053/ajkd.2002.32766
http://dx.doi.org/10.1056/NEJM198901193200303
http://dx.doi.org/10.1016/j.ijcard.2005.09.014
http://dx.doi.org/10.5301/jn.5000007
http://dx.doi.org/10.1016/j.jacc.2004.07.043
http://dx.doi.org/10.1016/j.amjcard.2009.10.044
http://dx.doi.org/10.1056/NEJMra041809
http://dx.doi.org/10.1016/j.amjcard.2009.09.027
http://dx.doi.org/10.1093/eurjhf/hfp179
http://dx.doi.org/10.1016/j.amjcard.2010.12.023
http://dx.doi.org/10.5543/tkda.2013.86244
http://dx.doi.org/10.1016/j.jacc.2012.11.019
http://dx.doi.org/10.1016/j.amjcard.2007.10.051
http://dx.doi.org/10.1159/000180580

620

Turk Kardiyol Dern Ars

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Angiology 2015;66:433—40. CrossRef

Tefferi A, Hanson CA, Inwards DJ. How to interpret and pur-
sue an abnormal complete blood cell count in adults. Mayo
Clin Proc 2005;80:923-36. CrossRet

Semba RD, Patel KV, Ferrucci L, Sun K, Roy CN, Guralnik
JM, et al. Serum antioxidants and inflammation predict red
cell distribution width in older women: the Women’s Health
and Aging Study I. Clin Nutr 2010;29:600—4. CrossRef

Bakris GL, Lass N, Gaber AO, Jones JD, Burnett JC Jr. Ra-
diocontrast medium-induced declines in renal function: a role
for oxygen free radicals. Am J Physiol 1990;258:115-20.
Tervahartiala P, Kivisaari L, Kivisaari R, Vehmas T, Virtanen
I. Structural changes in the renal proximal tubular cells in-
duced by iodinated contrast media. Nephron 1997;76:96—102.
Liss P, Nygren A, Erikson U, Ulfendahl HR. Injection of low
and iso-osmolar contrast medium decreases oxygen tension in
the renal medulla. Kidney Int 1998;53:698—702. crossRet
Raininko R, Ylinen SL. Effect of ionic and non-ionic contrast
media on aggregation of red blood cells in vitro. A prelimi-
nary report. Acta Radiol 1987;28:87-92. CrossRef

Wellman TL, Jenkins J, Penar PL, Tranmer B, Zahr R, Loun-
sbury KM. Nitric oxide and reactive oxygen species exert op-
posing effects on the stability of hypoxia-inducible factor-1al-
pha (HIF-1alpha) in explants of human pial arteries. FASEB J
2004;18:379-81.

Russo D, Minutolo R, Cianciaruso B, Memoli B, Conte G, De
Nicola L. Early effects of contrast media on renal hemody-
namics and tubular function in chronic renal failure. J Am Soc
Nephrol 1995;6:1451-8.

Goldenberg I, Matetzky S. Nephropathy induced by contrast
media: pathogenesis, risk factors and preventive strategies.
CMAJ 2005,1721461—71 CrossRef

Cavusoglu E, Chopra V, Gupta A, Battala VR, Poludasu S,
Eng C, et al. Relation between red blood cell distribution
width (RDW) and all-cause mortality at two years in an un-

30.

31.

32.

33.

34.

35.

36.

selected population referred for coronary angiography. Int J
Cardiol 2010;141:141-6. CrossRef

Poludasu S, Marmur JD, Weedon J, Khan W, Cavusoglu E.
Red cell distribution width (RDW) as a predictor of long-term
mortality in patients undergoing percutaneous coronary inter-
vention. Thromb Haemost 2009;102:581~7. CrossRef
Montagnana M, Cervellin G, Meschi T, Lippi G. The role of
red blood cell distribution width in cardiovascular and throm-
botic disorders. Clin Chem Lab Med 2011;50:635—41.

Patel KV, Semba RD, Ferrucci L, Newman AB, Fried LP,
Wallace RB, et al. Red cell distribution width and mortality in
older adults: a meta-analysis. J Gerontol A Biol Sci Med Sci
2010,65258765 CrossRef

Ridker PM, Hennekens CH, Buring JE, Rifai N. C-reactive
protein and other markers of inflammation in the predic-
tion of cardiovascular disease in women. N Engl J Med
2000;342:836—43. CrossRef

Elbasan Z, Sahin DY, Gur M, Kuloglu O, Kivrak A, Igen YK,
et al. Contrast-induced nephropathy in patients with ST eleva-
tion myocardial infarction treated with primary percutaneous
coronary intervention. Angiology 2014;65:37-42. CrossRef
Saritemur M, Turkeli M, Kalkan K, Tanboga IH, Aksakal E.
Relation of uric acid and contrast-induced nephropathy in pa-
tients undergoing primary percutaneous coronary intervention
in the ED. Am J Emerg Med 2014;32:119-23. CrossRef

Kaya A, Kaya Y, Topcu S, Gunaydin ZY, Kurt M, Tanboga
IH, et al. Neutrophil-to-lymphocyte ratio predicts contrast-
induced nephropathy in patients undergoing primary percuta-
neous coronary intervention. Angiology 2014;65:51-6. CrossRef

Keywords: Angioplasty, balloon, coronary; contrast media; contrast
induced nephropathy; myocardial infarction; percutaneous translu-
minal coronary angioplasty; red cell distribution width.

Anahtar sézctikler: Anjiyoplasti, balon, koroner; kontrast madde;
kontrast madde nefropatisi; miyokart enfarktusu; perkutan translu-
minal koroner anjiyoplasti; eritrosit dagihm genisligi.


http://dx.doi.org/10.1177/0003319714535238
http://dx.doi.org/10.4065/80.10.1390
http://dx.doi.org/10.1016/j.clnu.2010.03.001
http://dx.doi.org/10.1159/000190147
http://dx.doi.org/10.1046/j.1523-1755.1998.00811.x
http://dx.doi.org/10.1177/028418518702800119
http://dx.doi.org/10.1503/cmaj.1040847
http://dx.doi.org/10.1016/j.ijcard.2008.11.187
http://dx.doi.org/10.1160/th09-02-0127
http://dx.doi.org/10.1093/gerona/glp163
http://dx.doi.org/10.1056/NEJM200003233421202
http://dx.doi.org/10.1177/0003319712463816
http://dx.doi.org/10.1016/j.ajem.2013.10.011
http://dx.doi.org/10.1177/0003319713502847

