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Abstract

Red blood cell distribution width (RDW) is an inflammatory biomarker reported in complete blood
cell (CBC) counts. High RDW defines a proinflammatory state. Contrast-induced nephropathy (CIN) is
an important and common complication in percutaneous coronary intervention (PCl) treated
patients. The current study was conducted to evaluate the role of RDW as a simple predictive
inflammatory marker of CIN in PCl treated patients. The current prospective study enrolled 126 PCI
treated patients. Laboratory investigations included CBC, liver function test, (HbA1C), lipid profile and
serological tests. Serum urea and creatinine levels were obtained at baseline and 48 to 72 hours after
PCl procedure, used to categorize for CIN. Diabetes mellitus, hypertension, and ischemic heart
disease were present in 39 (31%), 44 (34.9%), and 23 (18.3%) patients, respectively. Of the studied
patients, only 19 (15.1%) patients developed CIN. The hemoglobin level was significantly higher in
the non-CIN group (13.49 % 1.63 vs. CIN group 12.56 = 1.62 mg/dl; p= 0.02). RDW was significantly
higher among CIN group than non-CIN group (16.20 + 2.60 vs. 13.83 + 2.19 % (p< 0.001). Delta
creatinine (% change in creatinine level after 48 hour) was significantly higher in patients with CIN
(59.17 + 28.89 vs. non-CIN 33.62 + 9.76; p< 0.001). Predictors for CIN in patients who underwent PCI
were old age high RDW high delta creatinine and amount of dye. At cut off > 14.5%, RDW had 79%
sensitivity, 70% specificity and 71.3% overall accuracy at AUC of 0.76. In conclusion, RDW may be
simple and immediately available inflammatory biomarker and predictor for development of CIN in
patients undergoing PCI.
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Introduction

Red blood cell distribution width (RDW) is a
measurement of erythrocyte variability and
heterogeneity. It is obtained in routine standard
complete blood cell counts (CBC).! Increased
RDW reflects chronic inflammation and
oxidative stress. Also, it indicates the presence
of anisocytosis, which is related to impaired
erythropoiesis and erythrocyte degradation.?

RDW is a routine parameter measured by
most modern hematology analyzers. It s
defined as the standard deviation of red blood
cell volume and its mean volume. It is expressed
as a percentage according to the following
formula: RDW = (standard deviation of red
blood cell volume/mean cell volume) x 100.
Higher RDW values reflect greater variations in
red blood cell volume.?

Elevated RDW* and interleukin 10 (IL-10)°
levels reflect the inflammatory status of
multiple myeloma and associated with
advanced stage and poor prognosis. Platelets
distribution width can predict spontaneous
bacterial peritonitis  (SBP)®, while RDW
correlated negatively with survival in SBP
patients.” Increases in RDW and N-terminal pro-
B-type natriuretic peptide (NT-proBNP) predict
the mortality of chronic heart failure patients
undergoing cardiac resynchronization therapy
(CRT).2 NT-pro BNP is a powerful initial non-
invasive diagnostic tool for exclusion of heart
disease in cirrhotic patients.® RDW plays
important predictive roles in gestational
diabetes mellitus (GDM).° with higher levels of
soluble human leukocyte antigen G (HLA-G).}

High RDW'? and high programmed death-
ligand 1 (PD-L1) expression ®* reflect worse
outcomes in acute myeloid leukemia (AML) and
poor response to induction treatment. Higher
RDW is a poor prognostic factor for patients
with chronic myeloid leukemia (CML) 4, while
decreased level of soluble vascular cell adhesion
molecule 1 (sVCAM-1) and transforming growth
factor beta 1 (TGFB1l) associated with good
molecular and hematological responses to CML
treatment. ¥

Intercellular adhesion molecule-1 (ICAM-1)®
and RDW? are significantly higher and strongly
positively correlated with thrombosis in patients

with slow coronary flow syndrome. Also, ICAM-
1 plays a role in the pathogenesis of immune
thrombocytopenia (ITP).®

Contrast-induced nephropathy (CIN) is an
important complication of invasive
cardiovascular  procedures. Patients who
undergo percutaneous coronary intervention
(PCI) are at greater risk of CIN and patients with
diabetes mellitus or baseline renal impairment
have a risk of almost 50%.° PCl is a hon-surgical
procedure used to remove plaque from arteries.
The process involves combining coronary
angioplasty with stenting.  Angiography uses
radio-opaque dyes to assess real-time X-ray
imaging. Development of CIN after PCl is
associated with worse clinical outcomes
including prolonged hospitalization, high cost,
risk of end-stage renal failure, myocardial
infarction, repeat revascularization, and
increased mortality.?°

The pathophysiology of CIN is complex,
multifactorial, and incompletely understood.
Possible mechanisms include inflammation,
endothelial dysfunction, generation of reactive
oxygen species, intrarenal vasoconstriction,
reduced renal blood flow, medullary hypoxia,
oxidative stress, and direct tubular epithelial cell
injury by contrast media (CMs).%

The current study was conducted to evaluate
the role of RDW as a simple predictive marker
of CIN in patients undergoing PCI.

Patients and Methods

The current prospective study enrolled 126
patients, underwent PCl during one year from
May 2020 to May 2021. The protocol of the
study was ethically reviewed and approved by
the Institutional Review Board of the Faculty of
Medicine, Assiut University (Approval dated
April 2017). Every patient was informed about
the nature and steps of the study. Written
informed consents were obtained from study
patients before included in the study.

The enrolled patients included both ST-
segment elevation myocardial infarction
(STEMI) patients, received primary PCl for
revascularization and patients who received
elective PCl, presented to the Cardiology
Department at Assiut University Hospital.
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End stage renal disease with glomerular
filtration rate (GFR) less than 30 ml/1.73,
patient with known allergy to contrast agents,
patients with left ventricular ejection fraction
below 30%, subjects with presence of known
bacterial infections, patients with recent history
of contrast administration in the previous
month, patient known to have thyroid disease,
patients with history of malignancy, patient
known to have autoimmune disease, patients
with decompensated liver cirrhosis, patients
with cardiogenic shock, and anemic patients
were all excluded from the study.

Baseline demographic characteristics, such
as gender and age (years), and clinical
characteristics, such as history of diabetes,
hypertension, were recorded for all the
patients. Diagnosis of STEMI was made based
on history and electrocardiographic (ECG)
changes at presentation, such as history of
typical chest pain lasting for more than half an
hour and supported by the baseline ECG
findings of ST-segment elevation and
echocardiogram to evaluate ejection fraction.

At admission, laboratory investigations were
performed and recorded for all admitted
subjects to Assiut University Hospital. These
included CBC to evaluate RDW. The
determination of RDW levels was done by an
automated machine for blood cell analysis
including counting and sizing blood cells
(Coulter LH Series, Beckman Coulter, Inc,
Hialeah, Florida, USA). RDW was considered
high if above 16%. Data of liver and kidney
function tests, (HbA1C) and lipid profile and
other serological tests were obtained from
hospital records. Serum urea and creatinine
(mg/dL) levels were obtained at baseline and 48
to 72 hours after PCl procedure, and patients
with a 25% increase or 20.5 mg/dL rise in post-
procedure creatinine level (after 48 to 72 hours)
were categorized for CIN.

The PCl procedures were performed by
consultant cardiologists. Data of catheter were
also recorded as amount of contrast used
during procedure, either elective or emergency
and approach either trans-radial or femoral.
Coronary angiography and PCl were performed
according to standard clinical practice using a

fully digital angiography system (Siemens Axiom
Artis zee 2011, Germany). Intra-arterial
nonionic, water-soluble x-ray contrast dye was
used for intra-arterial and intravenous
procedures. A bolus of 5000 U of unfractionated
heparin, followed by intraprocedural boluses to
maintain an activated clotting time of 200 to
250 seconds, acetylsalicylic acid 300 mg orally,
and clopidogrel a single loading dose of 600 mg.

Statistical analysis

Data were collected and analyzed using SPSS
(Statistical Package for the Social Science,
version 20, IBM, and Armonk, New York).
Continuous data were expressed in form of
mean + SD or median (range) while nominal
data was expressed in form of frequency
(percentage). Chi*-test was used to compare the
nominal data of different groups in the study
while student t-test was used to compare mean
of different two groups. Multivariate regression
analysis was wused to determine the
independent risk factors for prediction of CIN
among the studied patients. The receiver
operating characteristic (ROC) curve analysis
was used to assess the diagnostic accuracy of
different scores for prediction of CIN. Level of
confidence was kept at 95% and hence p value
was significant if < 0.05.

Results

The current prospective study was performed at
the Cardiology Department to assess RDW as a
simple inflammatory predictive marker of CIN in
patients undergoing PCl. The study enrolled 126
patients, underwent PCl. Of these, 19 (15.1%)
patients developed CIN while 107 (84.9%)
patients did not develop CIN. Based on the
development of CIN, patients were grouped into
two groups.

Baseline data of enrolled patients based on
development of CIN

The mean age of enrolled patients was 54.61 +
9.52 years and most of them were males
(74.6%) and 32 (25.4%) female patients. The
mean body mass index was 27.83 + 4.44
(kg/m2). Diabetes mellitus, hypertension, and
ischemic heart disease were present in 39
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(31%), 44 (34.9%), and 23 (18.3%) patients,
respectively (Table 1).

without CIN, (p> 0.05) with exception of the
mean age in years, was higher among the CIN
group than the non-CIN group (60.89 + 9.13 vs.

There was no difference in baseline data
53.49 + 9.18, p< 0.001).

between groups of patients, with CIN and

Table 1. Baseline data of enrolled patients based on development of CIN.

Total CIN Non-CIN
(n=126) (n=19) (n=107) NVEIE

Age (years) 54.61+9.52 60.89 £ 9.13 53.49+9.18 <0.001
Sex

Male 94 (74.6%) 16 (84.2%) 78 (72.9%) N

Female 32 (25.4%) 3 (15.8%) 29 (27.1%)
BMI (kg/m2) 27.83+ 4.44 27.15+5.29 29.59+4.25 NS
DM 39 (31%) 7 (36.8%) 32 (29.9%) NS
HTN 44 (34.9%) 7 (36.8%) 37 (34.6%) NS
IHD 23 (18.3%) 6 (31.6%) 17 (15.9%) NS

Data expressed as frequency (percentage), mean (xSD); P > 0.05 is not significant (NS). CIN: contrast induced nephropathy;

BMI: body mass index; DM: diabetes mellitus; HTN: hypertension; IHD: ischemic heart disease

Clinical, laboratory and ECG findings in the
studied patients based on CIN status

Baseline clinical, laboratory and ECG findings
showed no significant differences between both
groups of patients with exception of
hemoglobin level, was significantly higher in the
non-CIN group than the non-CIN group (13.49
1.63 vs. 12.56 + 1.62 (mg/dl); p= 0.02), RDW
was significantly higher among the CIN group in
comparison to the non-CIN group 16.20 + 2.60
vs. 13.83 * 2.19 %, p< 0.001), and delta
creatinine (percentage of change in creatinine
level after 48 hour) was significantly higher in

patients with CIN than the non-CIN group (59.17
+28.89 vs. 33.62 + 9.76, p< 0.001) (Table 2).

Many patients of both groups (63.2% of non-
CIN group and 62.6% of CIN group) had anterior
myocardial infarction. Also, 6 (31.6%) and 27
(25.2%) patients of non-CIN group and CIN
group, respectively had posterior myocardial
infarction. There were 5 patients with non-CIN
who had lateral infarction and another patient
had left bundle branch block. Albumin, HbA1C
levels and lipid profile were not different in
both groups.

Table 2. Laboratory and ECG findings in the studied patients based on CIN status.

Total CIN Non-CIN
(n=126) (n=19) (n=107) pvalue
EF (%) 51.05+9.38 47.84 +8.03 51.63 +9.52 NS
ECG findings
Anterior Ml 79 (62.7%) 12 (63.2%) 67 (62.6%)
Inferior Ml 33 (26.2%) 6 (31.6%) 27 (25.2%)
Posterior Ml 8 (6.3%) 1(5.3%) 7 (6.5%) NS
Lateral Ml 5 (4%) 0 5(4.7%)
LBBB 1(0.8%) 0 1(0.9%)
Hemoglobin (mg/dl) 13.35+1.65 12.56 + 1.62 13.49+1.63 0.02
Leucocytes (103/ul) 10.67 £ 4.84 11.26 £+ 6.63 10.56 + 4.48 NS
Platelets (103/pl) 282.07 £ 82.72 292.47 £ 67.98 280.23 £77.21 NS
RDW (%) 14.19+2.49 16.20 £ 2.60 13.83+2.19 <0.001
MCV (fl) 81.06 =+ 7.50 78.84 +10.09 81.45+6.92 NS
Creatinine (mg/dl) 0.98 +0.40 1.03+0.41 0.97+0.40 NS
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Table 2. Continued.

Total CIN Non-CIN

(n=126) (n=19) (n=107) pvalue
Urea (mg) 7.79+£6.7 9.74+7.78 7.19+5.31 NS
eGFR 84.18 £28.31 83.42 £35.34 84.32 £ 27.07 NS
Delta creatinine 37.33+3.32 59.17 + 28.89 33.62+9.76 <0.001*
AST (U/) 42.49 £ 27.79 36.57 £ 18.25 43.54 £ 29.10 NS
ALT (U/I) 33.99 £ 24.66 28.84 +17.12 34.09 £ 25.75 NS
Bilirubin (mg/dl) 0.74 £0.38 0.68 £ 0.32 0.75+0.39 NS
Albumin (g/dl) 3.87+0.48 3.81+0.53 3.88+0.47 NS
HbA1C 7.34+0.97 7.63+1.28 7.29 +£0.90 NS
Cholesterol (mg/dl) 176.75 + 36.01 173.75 £29.21 177.32 +37.29 NS
HDL (mg/dl) 51.19+12.81 54.05+15.49 50.56 £ 12.28 NS
LDL (mg/dl) 102.49 +33.47 97.25 £ 25.02 103.49 + 34.88 NS
TGs (mg/dl) 131.18 +51.98 122.84 +34.47 132.77 £ 56.67 NS

Data expressed as mean (xSD). P > 0.05 is not significant (NS). CIN: contrast induced nephropathy; RDW: red cell
distribution width; ECG: electrocardiography; MI: myocardial infarction; LBBB: Left bundle branch block; MCV: mean
corpuscular volume; ALT: alanine transaminase; AST: aspartate transaminase; HR: heart rate; HbA1C: glycosylated

hemoglobin; HDL: high density lipoprotein; LDL: Low density lipoprotein; TG: triglyceride; EF: ejection fraction.

Angiographic data of enrolled patients based on
development of CIN

The amount of intra-arterial dye (Scanlux,
Ultravist, or Telebrix) was significantly higher
among studied patients with CIN in comparison
to patients with non-CIN (154.21 + 36.56 vs.
117.29 + 36.15 ml, p< 0.001). PCl, access, and

number of stents were not different among
studied groups (p> 0.05). Only 4 (4.2%) patients
did not require stenting while 99 (78.6%), 19
(15.1%) and 4 (3.2%) patients required insertion
of one, two and three stent, respectively (Table
3).

Table 3. Angiographic data of enrolled patients based on development of CIN.

Total CIN Non-CIN
(n=126) (n=19) (n=107) pvalue
Type of PCI
Elective 27 (21.4%) 3 (15.8%) 24 (22.4%) NS
Primary 99 (78.6%) 16 (84.2%) 83 (77.6%)
Access
Femoral access 119 (94.4%) 18 (94.7%) 101 (94.4%) NS
Radial access 7 (5.6%) 1(5.3%) 6 (5.6%)
Type of contrast
Scanlux 101 (80.2%) 15 (78.9%) 86 (80.4%)
Ultravist 14 (11.1%) 3(15.8%) 11 (10.3%) NS
Telebrix 11 (8.7%) 1(5.3%) 10 (9.3%)
Contrast (ml) 122.86 + 38.42 154.21 + 36.56 117.29 + 36.15 <0.001
Number of stents
None 4 (3.2%) 1(5.3%) 3(2.8%)
One stent 99 (78.6%) 17 (89.5%) 82 (76.6%) NS
Two stents 19 (15.1%) 1(5.3%) 18 (16.8%)
Three stents 4(3.2%) 0 4(3.7%)

Data expressed as frequency (percentage), mean (xSD). P > 0.05 is not significant (NS). CIN: contrast induced nephropathy;
PCl: percutaneous coronary intervention.
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Multivariate regression analysis for predictors of
CIN in patients underwent PCl

The current study indicated that predictors for
CIN in patients underwent PCl were old age
(odd’s ratio= 1.15, 95% Cl= 1.04-1.28, p< 0.001),

Table 4. Predictors of CIN in patients underwent PCI.

RDW (odd’s ratio= 2.03, 95% Cl= 1.35-3.07, p<
0.001), delta creatinine (odd’s ratio= 1.03, 95%
Cl= 1.01-2.90, p= 0.004) and amount of dye
(odd’s ratio= 1.03, 95% Cl= 1.01-2.05, p= 0.008)
(Table 4).

Predictors Odd’s ratio 95% confidence interval p value
Age (> 50 years) 1.15 1.04-1.28 <0.001
Hemoglobin 0.57 0.29-1.11 NS

RDW 2.03 1.35-3.07 <0.001
Delta creatinine 1.03 1.01-2.90 0.004
Amount of contrast 1.03 1.01-2.05 0.008

P > 0.05 is not significant (NS). CIN: contrast induced nephropathy; PCl: percutaneous coronary intervention; RDW: red cell

distribution width.

Diagnostic accuracy of RDW in prediction of CIN
in patients with PCI

The ROC curve analysis indicated that at cut off
> 14.5 (%), RDW had 79% sensitivity, 70%
specificity with overall accuracy of 71.3% with
area under curve of 0.76 (Table 5, Figure 1).

Table 5. Diagnostic accuracy of RDW in
prediction of CIN in patients with PCI.

Value
Sensitivity 79%
Specificity 70%
Positive predictive 31%
value
Negative predictive 95%
value
Accuracy 71.3%
Cut off point 14.5%
Area under curve 0.79
*p value 0.001

*P < 0.05 is significant. CIN: contrast induced nephropathy;
PCl: percutaneous coronary intervention; RDW: red cell
distribution width.

Redcell distribution width (% )

Sengtivity

Figure 1. Receiver operating characteristic curve
analysis showing diagnostic accuracy of RDW in
prediction of CIN in patients with PCI.

Characteristics of patients based on level of
RDW

As shown in Table 6, there was no difference in
demographic, laboratory, and ECG findings
between patients with normal and with high
RDW. However, CIN was significantly higher
among patients with high RDW.
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Table 6. Characteristics of patients based on level of RDW.

High RDW (n=36) Normal RDW (n=90) p value

Age (years) 55.58 + 9.39 54.22 +9.59 NS
Sex

Male 29 (80.6%) 65 (72.2%) NS

Female 7 (19.4%) 25 (27.8%)
BMI (kg/m?) 28.75+4.82 27.46 £ 4.25 NS
DM 14 (38.9%) 25 (27.8%) NS
HTN 13 (36.1%) 31(34.4%) NS
IHD 27 (75%) 76 (84.4%) NS
EF (%) 49.86 £ 10.06 51.53+9.11 NS
ECG findings

Anterior Ml 21 (58.3%) 58 (54.5%)

Inferior Ml 12 (33.3%) 21(23.3%)

Posterior Ml 2 (5.6%) 6 (6.7%) NS

Lateral Ml 0 5 (5.6%)

LBBB 1(2.8%) 0
Hemoglobin (mg/dl) 13.60 £ 1.89 13.25+1.56 NS
Leucocytes (103/pl) 11.10 * 6.05 10.50 + 4.29 NS
Platelets (10%/pl) 284.19 + 95.87 281.23+77.41 NS
MCV (fl) 79.31+9.88 81.75+6.23 NS
Creatinine (mg/dl) 1.08 £0.41 0.94+0.39 NS
Urea (mg) 9.32+6.86 6.87 £5.15 NS
eGFR 77.45 +£29.16 86.88 + 27.67 NS
Delta creatinine 0.90+0.04 0.77 £0.02 NS
AST (U/L) 40.41 £ 21.86 43.32£29.91 -
ALT (U/L) 32.41 £ 18.76 34.67 £ 26.72 NS
Bilirubin (mg/dl) 0.68 +0.37 0.75+0.39 NS
Albumin (g/dl) 3.86+0.53 3.88+0.46 NS
HbA1C 7.54 £0.89 7.37+1.01 NS
Cholesterol (mg/dl) 171.17 £ 25.27 178.91 +39.35 NS
HDL (mg/dl) 53.03 + 14.88 50.48 £11.94 NS
LDL (mg/dl) 97.04 £ 24.87 104.52 + 36.22 NS
TGs (mg/dl) 122.50 + 42.99 134.56 + 54.99 NS
CIN 19 (100%) 0 <0.001

Data expressed as mean (xSD). P > 0.05 is not significant (NS). CIN: contrast induced nephropathy; BMI: body mass index;
DM: diabetes mellitus; HTN: hypertension; IHD: ischemic heart disease; RDW: red cell distribution width; ECG:
electrocardiography; MI: myocardial infarction; LBBB: Left bundle branch block; MCV: mean corpuscular volume; ALT:
alanine transaminase; AST: aspartate transaminase; HR: heart rate; HbA1C: glycosylated hemoglobin; HDL: high density
lipoprotein; LDL: Low density lipoprotein; TG: triglyceride; EF: ejection fraction.

Discussion

The current study aimed to evaluate the role of
RDW as a simple predictive marker of CIN in
patients undergoing PCl. In the study, 126
patients were enrolled of which 19 % of the
patients developed CIN after primary PCI. This
was higher than the reported incidence of
12.4% in the study by Batra et al., 2013% and

10.2% in the study by Ullah et al.,, 2016.2 A
study by Tsai et al., 2014, reported acute kidney
injury in 7.1% of the patients after PCls.?*

In our study, the mean age of enrolled
patients was 54.61 £ 9.52 years. Higher mean
age group was reported by Ando et al., 2013,
(73+10 SD)*® and Kurtul et al., 2015 (61+ 12
SD).!
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In the current study, the mean age of CIN
positive patients was significantly higher than
CIN negative group (p< 0.001). On Multivariate
regression analysis for predictors of CIN in
patients underwent PCl, old age (>50 years) was
an independent factor.

Aging is a common risk factor for developing
CIN. Advanced age is associated with increased
vascular stiffness and declined endothelial
function resulting in reduced vascular repair
capacity.?® In the study by Ando et al., 2013,
multivariate analysis showed that age was
independent predictor of CIN (OR 1.06,
p=0.042). They proposed a score (AGEF)
including three factors age, eGFR and Ejection
fraction (EF) which was an accurate predictor of
CIN (OR 5.19, p<0.001).%

In our study, 74.6% of enrolled patients were
males and 32 (25.4%) female patients. No sex
predilection was identified in our study for
higher risk of CIN. Other studies showed that
there was no gender difference in the frequency
of CIN.%

A study by Kumar et al., 2020, reported that
68.4 % of CIN patients were males and the
mean age was (56.4 9 SD).?’ Furthermore,
multiple regression analysis indicated that male
gender was also considered an independent risk
factor in predicting CIN.?” The same findings
were reported by another study, found that
59% of patients were males and male patients
significantly higher in the CIN group (p=0.115
and, p<0.001).%

Higher incidence of CIN in males could be
related to higher presence of obstructive
nephropathy due to enlarged prostate or
carcinoma, bladder cancer and renal stone.
Kidney function declines faster in men than in
women, possibly owing to the protective effects
of estrogen or the damaging effects of
testosterone?.

In the current study, diabetes mellitus,
hypertension and ischemic heart disease were
present in 39 (31%), 44 (34.9%), and 23 (18.3%)
of CIN patients, respectively. Kurtul et al., 2015,
reported that 51.9% of CIN patients were
hypertensive and 39.5% diabetic.! A study by
Kumar et al., 2020, reported that the majority of
patients, 78.7% were hypertensive but similar to
data of the current study 34% were diabetic.?’

In our study, DM and hypertension (HTN) had
no impact on the development of CIN. While in
a recent study done by Kumar et al., 2020, the
CIN was observed in 13.1% of the patients, and
increased risk of CIN was found to be associated
with the presence of diabetes mellitus with
odds ratios of 2.3 (1.14-4.63).” Findings of the
study by Kurtul et al., 2015, agreed with the
current results, hypertension and diabetes
mellitus were not different between the two
studied groups, more patients in the CIN group
had diabetes and hypertension than those
without CIN, but the difference did not reach
statistical significance (p<.055 and p<.082,
respectively).! The study by Sigirc, 2018,
showed that hypertension was more common in
the CIN group and considered as independent
risk factor for development CIN.?2® Also, the
study by Andra et al.,, 2018, showed that
hypertension was a risk factor for CIN.*°

A study compared DM in CIN vs. non-CIN
patients and showed significant differences
(67.9% vs. 36.3%; p=0.001), but there were no
significant differences between hypertension in
the groups.! A study by Akkoyun et al., 2015,
found that diabetes mellitus was more common
in patients who developed CIN vs. non-CIN
patients (42.8% vs.17.9%, p<0.001) but no
difference was found in terms of sex,
hypertension, hemoglobin levels and
localization of myocardial infarction (p>0.05).32

DM and HTN are well known to be
associated with higher CIN by medullary hypoxia
due to decreased renal blood flow secondary to
renal artery vasoconstriction and direct tubular
toxicity by contrast media.®® The important
finding in DM and HTN was the increased in
endothelin-1, angiotensin Il and decreased nitric
oxide levels, which are produced by healthy
endothelium, as some of the potential
mediators lead to intrarenal vasoconstriction.

An interesting finding in our study was the
significantly higher hemoglobin level in the non-
CIN group vs. the CIN group (13.49 + 1.63 vs.
1256 + 1.62 (mg/dl); p=0.02). This s
inconsistent with findings of a study by Mizuno
et al., 2015, as hemoglobin was lower in
Contrast Induced Acute Kidney Injury (CI-AKI)
patients vs. non CI-AKI patients (13.7 + 3 g/dl vs.
15.0+1.7 g/dl, p = 0.038).3* Xu et al., 2016, also
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found that red blood cells and levels of
hemoglobin and hematocrit in the hemoglobin
low group of CIN were significantly lower
compared with those in the hemoglobin-normal
group (p<0.05).*® Li et al., 2013 found that the
incidence of CIN in anemic patients
(hemoglobin<12 g/dl in women and<13 g/dl in
men) was significantly higher than non-anemic
patients (6.3 vs. 2.2 %; p<0.01).3® Low Hb level
was significantly associated with CIN as local
renal hypoxia can be more aggravated in
patients with low hemoglobin after exposure to
contrast media. So, the combination of contrast
induced vasoconstriction and anemia may
decrease oxygen delivery sufficiently to cause
renal medullary hypoxia.3®

In our study delta creatinine (percentage of
change in creatinine level after 48 hour) was
significantly higher in patients with CIN vs non-
CIN patients (p< 0.001). On multivariate
analysis, delta creatinine was an independent
risk factor for CIN (p= 0.004). Also Akkoyun et
al., 2015 found that delta creatinine (A-Cr) was
significantly higher in CIN-positive group vs. CIN-
negative group (0.6+0.58 wvs. 0.1+0.07,
p<0.001).32 Baseline creatinine is not reliable
enough for identification of patients at risk for
CIN. This is because serum creatinine value
varies with age, muscle mass, and gender. Since
creatinine production decreases with age, a
normal serum creatinine in an elderly patient
generally correlates with at least moderate
decrease in renal function.

In our study, multivariate analysis indicated
that the amount of intra-arterial dye was an
independent risk factor for CIN (p= 0.008). This
is consistent with findings of a study by Akkoyun
et al.,2015 they showed that the amount of
contrast agent administered during intervention
was higher in the CIN-positive group than in the
CIN-negative group (258160 ml vs. 212465 ml,
p<0.001).32 Also, a study by Akin et al., 2015,
used multivariate analysis and showed that
contrast media was predictor of CIN (OR=1.007,
95% Cl 1.002-1.012, p=0.009).*” In the same
line, a study Xu et al.,, 2016, used univariate
analysis and showed that contrast media
volume of 2200 ml was associated with the
development of CIN (p<0.05).%

But in contrary with our study, Lin et al., 2013,
showed that, there was no significant difference
in procedure duration or contrast volume
between CIN-positive group and CIN-negative
group.3! Kurtul et al.,, 2015 showed that the
total amount of contrast media and prevalence
of high contrast volume was not significantly
different between CIN-positive group and CIN-
negative group ! Andra et al., 2018, found that
there was no difference in baseline serum
creatinine levels and the amount of contrast
media in patient with CIN and without CIN.*
The role of contrast agent in the development
of CIN is induced by its direct toxicity on
surrounding cells. Also, it increases blood
viscosity and release free radicals that prevent
vasodilation causing renal ischemia.3®

Also, Uyarel et al.,, 2011, investigated the
outcomes of primary percutaneous coronary
intervention performed in 2506 patients with
high (>14.8) and normal (<14.8) RDW, and they
observed a significant predictive value of RDW
for in-hospital and long-term mortality.> Akin et
al.,, 2015, found that, RDW was a significant
predictor of CIN development in patients with
acute coronary syndrome after coronary
angiography.®” However in the study of Sigirc
2018, observed that RDW has a limited use as a
CIN predictor in patients with stable coronary
artery disease. The mean RDW level was
13.741.4%, and the mean creatinine level was
1.0+0.2 mg/dL. There was no correlation
between RDW and the presence of CIN.?®

Elevated RDW values, observed in coronary
artery disease patients, could be related to
decrease of cardiac output result in systemic
ischemia. Inflammation developed as a result of
this ischemia leads to the release of cytokines,
which stimulate hematopoiesis leads to
anisocytosis due to immature erythrocytes.” An
increase in RDW values should be seen as a
result of increased inflammation secondary to
the development of CIN, and the increase in
RDW may be regarded not as a predictor, but as
an outcome parameter in acute events such as
CIN.%

Lippi et al., 2009, described the relationship
between RDW and other inflammatory markers
such as the erythrocyte sedimentation rate
(ESR) and high sensitivity C-Reactive Protein



10

Abdel Hammed et al

(CRP).° In previous studies, RDW correlated
with IL-6, soluble tumor necrosis factors | and Il
receptor concentrations, and fibrinogen
levels.*>*2 Unfortunately in the current study we
did not investigate inflammatory markers like
CRP, ferritin and ESR to determine their
correlation with increase RDW in CIN.

In conclusion, based on our study findings,
increased RDW on admission was
independently associated with a greater risk of
CIN in patients undergoing PCl. RDW may
predict the development of CIN after PCl in
these patients. Based on multivariate regression
analysis, old age (>50 years), RDW, delta
creatinine and amount of intra-arterial dye were
predictors of CIN in patients underwent PCl.
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