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Abstract

Background: Primary percutaneous coronary intervention
(PCI) is the treatment of choice for ST-segment elevation
myocardial infarction (STEMI). Contrast induced nephropathy
(CIN) is a serious complication which complicates PCI,
resulting in increased morbidity, hospital stay, short and long
term adverse outcomes. Prediction of high risk patients for
development of CIN is of great importance to conduct pre-
ventive measures. Various scoring systems were developed
to set up high risk criteria.

Aim of Study: To detect the relation between Mehran and
AGEEF risk scores and CIN. Also, to report other high risk
criteria to predict CIN.

Patients and Methods: The study included 250 patients
with acute STEMI treated by primary PCI. Patients with
coronary anatomy not suitable for PCI, with pre-existing renal
troubles, on chronic dialysis and who need urgent coronary
artery by-pass surgery were excluded.

Results: CIN developed among 90 patients (36%). There
was no significant association between CIN and patients' age
or weight. The independent predictors of the occurrence of
CIN were, in order, Mehran score (OR=6.4), Diabetes (OR=
5.8), AGEF score (OR=3.3) creatinine clearance (OR=1.02),
non-osmolar contrast volume (OR=0.991). Females, those
with low ejection fraction (EF) or previous history of is-
chemic heart disease (IHD) were susceptible for CIN.

Conclusion: CIN is a challenging health problem among
patients undergoing primary PCI. Mehran risk score has a
better predictive power that AGEF score in predicting CIN.
Several other factors are associated with CIN development
like diabetes, female gender, low EF history of IHD and use
of non-osmolar contrast.
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Introduction

CONTRAST induced nephropathy (CIN) is one
of the complications of primary percuta-neous
coronary intervention (PPCI) [1]. CIN is defined
as an elevation of serum creatinine (Scr) of more
than 25% or 20.5mg/dl (44 guold) from baseline
within 48h of the angiographic procedure and after
excluding other factors that may cause nephropathy
such as nephrotoxins. It is self-limited in most
instances, with Scr levels peaking in 3-5 days and
gradually returning to baseline levels within 7-10
days [2].

(AKI) and represents about 12% of the cases
[31. The reported incidence of CIN after percutane-
ous coronary intervention (PCI) varies between 0
and 24%, depending on the prevalence of associated
risk factors, with the higher incidence being report-
ed after emergency PCI [4].

Prediction of high risk patients for development
of CIN is of great importance to conduct preventive
measures for them. Various scoring systems were
developed to set up high risk criteria. These scores
are AGEF, and Mehran scores. Comparison be-
tween the different risk scores in the prediction of
CIN is deficient [5].

This study aimed to identify the actual preva-
lence CIN among patients who undergo primary
PCI in our cath lab. and to compare different risk
factors associated with its development, and to
search for some other parameters that could help
in the prediction of CIN.

Patients and Methods

Study design:

Cross-sectional, observational hospital based
study, conducted in Assiut University Hospital.
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Study population: The study included 256 pa-
tients who had ST elevation myocardial infarction
(STEMI) and underwent PPCI in our hospital
(Assiut University Hospital) starting from the
beginning of May 2016 till end of May 2017. Of
these patients, 6 patients were excluded as 3 of
them were on regular dialysis, 2 died during the
pro-cedure, and one required urgent Coronary
artery bypass grafting (CABG).

Sample size:

Sample size was calculated using Epi-info
version 7. Based on previous studies, the prevalence
of Contrast-Induced Nephropathy in patients un-
dergoing PPCI for acute myocardial infarction was
5.2% with a power of 80 and worst expected value
2.2%, the sample needed for the study was esti-
mated to be about 210 patients.

Inclusion and exclusion criteria:
Inclusion criteria:

All patients with STEMI who were eligible for
primary PCI were enrolled in the study. Diagnosis
of STEMI was based on the Third Universal Def-
inition of MI, implemented by a joint task force
from the European Society of Cardiology (ESC),
American College of Cardiology (ACC) Founda-
tion, American Heart Association (AHA), and the
World Heart Federation (WHF), when two criteria
aremet [6].

Detection of an increase or decrease in cardiac
biomarker values (preferably using cardiac troponin
[cTn]) with at least one value above the 99 th per-
centile of the upper reference limit (URL) and with
at least one of the following findings:

» Symptoms of ischemia.

* New or presumed new significant ST-segment-
T wave (ST-T) changes or new left bundle
branch block (LBBB).

* Development of pathologic Q waves on the
ECG.

* Imaging evidence of new loss of viable myo-
cardium or anew regional wall motion abnor-
mality.

Exclusion criteria: The patients were excluded
if the coronary anatomy was not suitable for PCI,
if emergency bypass grafting was required, if
patients were on chronic peritoneal or hemodialytic
treatment, or is known to have pre-existing renal
impairment or underwent previous CABG.

Patients and Methods:

All patients were subjected to: Full history
taking; including age, sex, history of diabetes

mellitus (DM), hypertension (HTN), smoking, and
dyslipidemia. Also,to assess the onset of chest pain
and time to reperfusion. Thorough physical exam-
ination was done to all patients including assess-
ment of Killip score and detection of signs of heart
failure. Twelve-lead ECG was doneto all patients
to diagnose STEMI. Baseline venous blood samples
were collected for assessment of hemoglobin (HB)
level, serum creatinine, and electrolytes before the
procedure. Also, kidney function assessment using
creatinine clearance using Cockcroft-Gault formula
was done [7].

CIN was defined as an elevation of serum
creatinine (Scr) of more than 25% or >0.5mg/dl
(44 gno) from baseline within 48 hours of the
angiographic proce-dure and after excluding other
factors that may cause nephropathy such as nephro-
toxins [§].

Coronary angiography and primary PCl:Were
done by an interventional cardiologist. Coronary
anatomy was evaluated and assessed. After the
procedure, volume of used contrast material and
time of X-ray exposure were obtained. Echocardi-
ography: Was done immediately after transfer of
the patient to CCU to assess the gjection fraction
of the heart by (m-mode) [9].

Daily follow-up: for serum creatinine was done
at 24, 48 hours.

Mehran and AGEF risk scores;. Were calcul ated
for each patient.

Mehran risk score includes 8 prognostic vari-
ables: Hypotension (5 points, if systolic blood
pressure <80mmHg for at least 1h requiring ino-
tropic support), use of intra-aortic balloon pump
(5 points), congestive heart failure (5 points, if
class111/1V by New Y ork Heart Association clas-
sification or history of pulmonary edema), age (4
points, if >75 years), anemia (3 points, if hematocrit
<39% for men and <36% for women), diabetes
mellitus (3 points), contrast media volume (1 point
per 100mL), and estimated glomerular filtration
rate 2 points, if GFR 60 to 40 GFR mL/min per
1.73m~; 4 points, if GFR 40 to 20; 6 points, if
GFR<20), if the scoreis <5 s0, it islow risk, from
6 to 10 it is moderate risk, from 11 to16 it is high
risk and more than 16 it isvery high risk [10].

AGEF risk score was calculated it as age/EF
(%) +1 (if Scr >2.0mg/dL) and age/EF (%) +0 (if
Scr <2.0mg/dl) so grading of AGEF score <1, from
12,>2 [11].
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Ethical considerations:
Ethical approval:

An approval for the study is obtained from the
ethical committee in our Institution.

Risk-benefit assessment:

All procedures performed in this protocol are
following the institution standards of care for the
patients, with no special additional maneuvers that
could carry arisk to the patient.

Confidentiality:
Any data taken from the patient either from

history, examination or investigations dealt with
in a confidential manner.

Research statement:

Every patient was informed about the nature
and steps of the study.

Informed consent:

Written consent was obtained from each patient
participating in the study.

Satistical analysis:

Data collected and analyzed by computer pro-
gram SPSS' ver. 23" Chicago. USA. Data expressed
as mean, standard deviation and number, percent-
age. t-test or Mann-Whitney if necessary was used
to determine significant for numeric variable. Chi.
Square with Fisher exact correction was used to
determine significance for non-numeric variable.
Also using paired t-test to determine significance
between numeric variables pre & post “Creatinine,
Cr clearance’. Multivariate Binary Logistic Re-
gression was done including significant univariate
predictors of CIN. A p-value of <0.05 was consid-
ered significant.

Results

In this study, 250 patients were included. Among
them about 81% were males and 19% females. The
mean age was 53.8+11.90 and 16% known to have
cardiovascular diseases.

CIN developed among 90 patients (36%). Table
(1) shows the comparison between group A (no
CIN) and group B (CIN) asregard the demographic
characteristics, cardiovascular risk prevalence,
scores and contrast details. Femal e gender showed
asignificant increase in CIN development com-
pared to males. Other univariate predictors of CIN
were previous IHD, diabetes mellitus, lower gec-
tion fraction, creatinine clearance, Mehran and
AGEF risk scores, contrast volume and contrast

type.
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Using Mehran risk score, the prevalence of
CIN was (33.88%) in low risk group, and (38.8%)
in moderate risk group, versus (100%) of high risk
group (p<0.001) as shown in Fig. (1). There was
asignificant increase in the development of CIN
with increase in AGEF score (p<0.001) with
(27.35%) in the group of AGEF score <1, (40.31%)
in the group with AGEF score 1-2, versus (60.1%)
in patients with in AGEF score >2, as shown in

Fig. (2).

Infarct related artery had no impact on the
incidence of CIN (p<0.275) as shown in Table (2).
Multivariate Binary Logistic Regression showed
that the independent predictors of the occurrence
of CIN werein order of Mehran score (OR 6.4),
diabetes (OR 5.8), AGEF score (OR 3.3), IRA as
RCA (OR 2.1), Creatinine clearance (OR 1.02),
non-osmolar contrast volume (OR 0.991) as shown
in Table (3).

Table (1): Relation between risk factors and CIN in the study

group.
tem Group A Group B p-
ooy O e

Age 53.15+11.91 55.21+10.45 0.287
Weight 87.67£17.51 87.95£13.04 0.898
Female gender 28 (59.6%) 19 (40.4%) 0.03
Smoker 80 (50.0%) 41 (45.6%) 0.795
Hypertension 36 (22.5%) 24 (26.7%) 0.277
(IHD)* 21 (13.12%) 21 (23.20%) 0.02
Diabetic
EF** 29 (11.87%) 50 (55.55%) 0.0001
Dydlipidemia 65.34+2.34 48.23+1.89 0.001
Creatinine 3 (1.9%) 0.260
Creatinine clearance 0.93+0.30 0.93+0.10 0.957
Killip class 139.6x62.5 115.8+37.8 0.0001
Mehran score 1.06+£0.30 1.12+0.44
AGEF score 2.39+1.43 3.46+2.39 0.166
Contrast volume 0.99+0.46 1.86+0.41 0.001
Contrast type 141.06+37.21  152.48+52.06  0.001

* Low—osmolar “226” 151 (66.8%) 75 (33.2%) 0.02

« High-osmolar “24” 9 (41.67%) 15(58.33%) 001

* . Previous ischemic heart disease.
**: Ejection fraction.

Table (2): Infarct related artery and CIN.

NON RCA RCA p
Item “n=174" “n=76" value
Group A “n=160" 115(66.09%) 45(59.21%)
p=0.275n.s
Group B “n=90" 59(33.90%) 31(40.78%)
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Table (3): Multivariate binary logistic regression analysis for
the predictors of contrast induced nephropathy.

Odd  95% Confidence p-

Variable Ratio Interval value
Mehran Score 6.4 1.4-29.4 0.017

Diabetes 5.8 3.0-11.3 <0.0001
AGEF Score 33 1.8-6.2 <0.0001
Creatinine Clearance 1.02 1.01-1.03 <0.0001

Non-osmolar Contrast volume 0.991 0.984-0.999 0.02

125 +
®% 100
p<0.001 CIN
100 4
%]
g LA 1
CREE o B 61.2
X
© 50 —
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Fig. (1): Relation between Mehran risk score and CIN.
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Fig. (2): Relation between AGEF score and CIN.

Discussion

Contrast-induced nephropathy (CIN) is a serious
complication of angiographic procedures resulting
from administration of iodinated contrast media
(CM) [8]. The development of CIN is associated
with a longer hospital stay, an increased morbidity
and mortality, in addition to a higher financial cost
[12].

Accurate risk stratification for contrast-induced
nephropathy (CIN) is important for patients with

ST-segment elevation myocardial infarction (STE-
MI) undergoing primary PCI. Few trials were done
to compare different risk scores in prediction CIN
incidence.

In our study we used two different risk scores
(Mehran and AGEF) to detect the validity and the
predictive value of each one in CIN development
after PPCL.

The prevalence of CIN development in our
study was 36%, which is higher than that reported
by Liu and coworkers [11], also higher than in
study were 23% developed CIN [13] and in Maioli
et al., among 442 patients 23.2% developed CIN
[14] . This may be explained by inclusion of only
20 patients that had ejection fraction lower than
40% EF in the study which is one of the major
factors that affect the incidence of CIN.

The independent predictors of the occurrence
of CIN, using multivariate binary logistic regression
were, in order, Mehran score, diabetes, AGEF
score, creatinine clearance, non-osmolar contrast
volume. Ando et al. used logistic regression anal-
ysis, ROC curve analysis and found that both AGEF
and Mehran score as predictors of CIN [15]. In the
study of Han et al., using logistic regression analysis
to independent risk factors, found that, diastolic
dysfunction (DD), increased Mehran score, ST-
segment-elevation myocardial infarction, higher
HbATlc and left anterior descending lesion, as well
as the use of diuretics [13].

In our study, Mehran score proved by multivar-
iate logistic regression analysis to be the strongest
independent predictor of CIN with an Odd ratio
of 6.4. Mehran risk score, in patients who developed
CIN was 3.46+2.39, versus 2.39+1.43 in non CIN
groups. This is lower than the study of Liu et al.,
in which mean £ SD Mehran score was 10.8+3.8.
This may be explained by the fact that their study
included a large number of patients with age >75
years (16.8%), eGFR (15.4%) and anemic patients
in their study were 35.1% [11].

After classifying Mehran risk score: Into low,
intermediate and high risk, we found that the
prevalence was 33.88%, 38.80% and 100% respec-
tively, which means that patients with high risk
Mehran develop CIN more commonly. In high risk
sector the incidence was very high because our
study included only 3 patients with high risk Me-
hran risk score so the incidence in not repre-
sentative of the actual incidence. These results
were different from the results of Liu et al., who
reported Mehran risk score prevalence to be 13%,
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21% and 35% respectively in low, intermediate
and high risk [11].

AGEF score was the third most important in-
dependent predictor of CIN with an odd ration of
3.3. [t was 1.86+0.41 in CIN group versus 0.99+
0.46 in non CIN group which was the same as
reported by Lui et al., with amean AGEF 1.3 +0.6
[11]. Al-so when we classified patients according
to AGEF score <1,1-2, >2 the incidence was
27.35%, 40.31%, and 60.0% respectively. Those
results were different from those of Liu €t al., who
reported the incidence to be 19%, 19% and 32%
in the same groups. The differences between our
study and that of Liu et al., could be attributed to
some extent by the larger number of patients (442
patients) which were enrolled in their study [11].

Also, the study of Giuseppo Ando €t al., who
reported that AGEF score was a predictor of CIN
at logistic regression analysis, with a 5-fold increase
in odds for each 1-point increase in AGEF score
[15].

Diabetes was the second most important inde-
pendent predictor of CIN with an odd ratio of 5.8.
The percent of diabetes in patient who devel oped
CIN was significantly higher compared to patients
who didn't develop (55.55% vs 11.87%). Diabetes
is considered to be one of the risk factors of Mehran
risk score, also an important predisposing factor
for CIN, particularly in patients with renal func-
tional impairment. Renal hypoxia, combined with
the generation of reactive oxygen species, playsa
central role in the pathogenesis of CIN, and the
diabetic kidney is particularly susceptible to inte-
nsified hypoxic and oxidative stress following the
administration of contrast media [16]. Whilein Han
et a., study the percent of diabetesin patients who
develop CIN to those who didn't develop CIN was
nearly the same (20.5:21.3) [13].

Creatinine clearance was an independent pre-
dictor of CIN. It was significantly lower in patient
who developed CIN (p<0.0001). This may be due
to the lower glomerular filtration rate resulting in
nephropathy, so creatinine clearance is a good
indicator for CIN development.

We also searched for arelation between devel-
opment of CIN and contrast media regarding both
volume and contrast type, taking into consideration
that contrast volume represents one item in Mehran
risk score. We found that there was a statistically
significant increase in contrast volume in patients
who developed CIN compared to those who didn't't
develop. There was increased incidence of CIN
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with the use of high osmolar, while there was
decreased incidence of CIN with the use of lowos-
molar. Contrast volume was the last independent
predictor of CIN in our study.

The mean age of our study population who
developed CIN was 55.2+10.25 years which wasn't
different from the group that didn't develop CIN.
Thiswas contradictory with Liu et a., who that
noticed that the patients in the CIN group were
older (72.60+ 10.11) [17], by the fact that most of
our patients were younger than 70 years so age
was not significant.

There was no difference in the percent of hy-
pertension between the group who developed CIN
and those who did not (26.7% versus 22.5%). This
supports the fact that hypertension didn't play an
important role in development of CIN [17].

There was statistically significant increased
percent of patients with previous IHD in group
who developed CIN vs. patients with no CIN
(23.20% vs 13.12%). This stresses the importance
of taking good history from the patient. Thisisin
contrast to the results of Ando et al., who showed
that previous IHD had no significant effect on the
development of CIN [15].

The mean EF was significantly lower in the
group who developed CIN vs patient who didn't
(48.23+1.89 vs 65.34+2.34). This means that as
the EF decreases, the prob-ability of development
of hypotension increases and the filtrating pressure
at the glomeruli decreases. Similar results were
reported by Ando et al., who reported that their
patients had more severe impairment in both basal
EF and global hemodynamic status as expressed
by KILIIP score and worse basal serum creatinine
and eGFR than patients without CIN [15].

Conclusion: CIN is achallenging health prob-
lem among patients undergoing primary PCI. | ts
important to calculate the risk scores as Mehran
and AGEF scores to predict patients with high risk
for CIN development to conduct preventive meas-
ures. Mehran risk score has a better predictive
power that AGEF scorein predicting CIN. Using
low osmolar non-ionic contrast media and limiting
the amount of contrast mediato the least possible
volume are important preventive measures. Care
should be taken in dealing with patients with female
gender, diabetes, previous IHD and reduced gjection
fraction as they are more prone to CIN develop-
ment.
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