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Hemoglobin concentration (Hb) and left ventricular ejection fraction (EF) are known predictors of contrast in-
duced nephropathy (CIN). We hypothesized that combination of Hb concentration and left ventricular EF is su-
perior to either variable alone in predicting contrast induced nephropathy in patients with acute coronary syn-
drome (ACS).

Consecutive patients with ACS were prospectively enrolled. Patients considered for invasive strategy were in-
cluded. Baseline creatinine levels were detected on admission and 24, 48 and 72 hours after coronary inter-
vention. 25% or 0,5 umol/L increase in creatinine level was considered as CIN.

268 patients with ACS (mean age 58+11 years, 77% male) were enrolled. Contrast induced nephropathy was
observed in 26 (9.7%) of patients. Baseline creatinine concentration, left ventricular EF, and Hemoglobin was
significantly different between two groups. Contrast volume to estimated glomerular filtration rate ratio (OR:
1.310, 95% Cl: 1.077-1.593, p=0.007) and the combination of Hb and left ventricular EF (OR: 0.996, 95% Cl:
0.994-0.998, p=0.001) were found to be independent predictors for CIN. Hb x LVEF <690 had 85% sensitivity
and 57% specificity to predict CIN (area under curve: 0.724, 95% Cl: 0.625-0.824, p<0.001). In addition, Hb x
LVEF <690 had a negative predictive value of 97% in our analysis.

The combination of Hb and left ventricular EF is better than either variable alone at predicting CIN in patients
with ACS that undergone percutaneous coronary intervention. The prediction was independent of baseline re-
nal function and volume of contrast agent.
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Material and Methods

Contrast-induced nephropathy (CIN) is a common cause of
acute renal failure. As the usage of contrast agent increase at
the diagnostic and interventional area, like coronary angiog-
raphy (CAG), the frequency of CIN and the concern increase
[1,2]. Although many risk factors have been identified, some-
times neither of them predict the development of CIN or in pa-
tients with no risk factors CIN could develop. The pathophys-
iology of the CIN remains incompletely understood [1,2]. It is
thought that the contrast agent trigger the renal vasoconstric-
tion and lead to renal tubular ischemia [3,4]. Also the contrast
agent has a direct toxic effect to the renal tubular cells via re-
active oxygen moleculles [1-4]. After contrast agent admin-
istration enzymeuria and histologic cell injury could be seen
[5]. Some investigations had shown that by reducing the oxi-
dative stress, ischemic reperfusion injury, inhibiting apoptosis
and thus inhibiting fibrosis, erythropoietin and methoxy poly-
ethylene glycol-epoetin beta could reduce the risk of develop-
ment of chronic renal disease [6,7].

The most prevalent definition of the CIN is a rise in serum cre-
atinine (sCr) of 0.5 umol/L or 25% increase of the basal creat-
inine level [8]. Generally, sCr level increase 24-48 hours after
the contrast agent administration, reach a peak level at 3-5
days and return to the baseline level after 1-3 weeks [8-11].
Contrast-induced nephropathy is the third leading cause of
in-hospital acute renal failure [3,8]. Although, CIN consist
10-15% of the in-hospital acute renal failure and is seldom
irreversible and require hemodialysis, it is associated with in-
creased in hospital stay, unfavorable in hospital and one year
outcomes [8,9,12,13]. The incidence of CIN is varying widely,
between 2-50%, in patients undergone a CAG [2]. As the risk
factors increase the frequency of the renal failure increases
dramatically [14].

The risk of the CIN increased in the presence of chronic renal
failure, diabetes mellitus (DM), congestive heart failure (CHF),
advanced age, anemia, female gender, dehydration and excess
usage of contrast agent [4,15]. It is found that presence of ane-
mia is a marker for renal function non-recovery in a group of
heart transplanted patients with cardiorenal syndrome [16].

Identifying the risk factors play a corner stone for prevention
of the CIN. As obviously seen, more information about risk
factors should be clarified. Even though both anemia and de-
creased left ventricular ejection fraction (EF) per se are risk fac-
tors for CIN, as a new parameter for predicting the CIN, the
combination of hemoglobin (Hb) and left ventricular EF (HbxEF)
could be superior to them. We investigate the predictive val-
ue of HbxEF for CIN.

Patient population

This was a prospective and observational study and conduct-
ed between February 2013 and July 2013. All consecutive pa-
tients admitted to the emergency clinic with chest pain and
diagnosed as non-ST elevation acute myocardial infarction
(NSTEMI) were included to the study if eligible. Patients on he-
modialysis, with acute renal failure, cardiogenic shock, known
allergy to contrast agent or taken contrast agent in 7 days,
that were require immediate reperfusion treatment due to un-
stable hemodynamic profile and those refuse the study were
excluded. After exclusion 268 (out of 310) patients were re-
cruited to the study. All the patients were taken the written
informed consent before enrollment and the local ethic com-
mittee of the hospital approve the study protocol.

Data collection

Patients’ demographic, laboratory and clinical data were col-
lected. The demographic data studied were age, sex, histo-
ry of HT, DM, smoking and coronary artery disease (CAD).
Baseline laboratory parameters were determined on admis-
sion and daily basis during the hospital stay. At the emergen-
cy clinic, all the patients were taken a standard 12-lead elec-
trocardiogram (ECG). Left ventricular EF was measured after
clinical stabilization, before CAG performed by using modi-
fied Simpson’s method with a System V (Vingmed, GE, Horten,
Norway) [17]. he cardiologists that perform the echocardiog-
raphy were blind to the study.

Coronary angiography

After hospitalization all patients were given 300 mg aspirin
(unless contraindicated), 300 mg clopidogrel and 0.1 mg/kg/
day x2 low molecular heparin (enoxaparin). According to the
hemodynamic state, beta blocker and angiotensin converting
enzyme inhibitor or angiotensin receptor blocker, 40 mg ator-
vastatin or 20 mg rosuvastatin were administered.

Coronary angiography was performed via femoral approach
upon the written consent taken. Right and left coronary ar-
teries, and if present, bypass grafts vessels were visualized.
Intervention just to the culprit lesion was done at same session.
A non-ionic iso-osmolar contrast agent was used in all cases.
All procedures were performed at a high volume tertiary cen-
ter (>3000 PCl/year) with expert clinicians blinded to the study.

Definitions

NSTEMI was defined as; patients with angina or symptoms of
angina equivalent, with the increment of myocardial necrosis
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biomarkers (troponin and/or creatine kinase-myocardial band
(CK-MBY)) and/or ischemic changes on ECG, like; ischemic T in-
version or >0.5 mm ST segment depression on >2 consecutive
leads. Diabetes mellitus and HT were defined if patients were
on medication at hospital admission. Anemia was defined if
hematocrit level <39% in men and <36% in women according
to the World Health Organization [18].

Follow-up

The estimated glomerular filtration rate (€GFR) was determined
with the admission sCr by using Cockcroft-Gault formula [19].
Following the CAG, sCr level was measured every 24 hours for
3 days after the indexed procedure. Peak sCr level was used
for determination of CIN. Admission Hb level and measured
left ventricular EF after stabilization was recorded and used
for statistical analysis.

Statistical analysis

Parametric variables were reported as mean +SD or medi-
an (with interquartile range) and categorical variables as per-
centages. Student t-test was used for parametric variable and
Pearson’s 2 test for categorical variables analysis. In order to
detect independent predictors of CIN binary logistic regres-
sion analysis were done. In univariate analysis, parameters
that show statistical or borderline significance (p<0.1) were
included in multivariate analysis. For detection the best pre-
dictive value of HbxEF, ROC curve analysis was used. A two-
sided p<0.05 was used for statistical significance. All statisti-
cal analysis were performed by using the SPSS version 15.0
for Windows (SPSS, Inc., Chicago, Illinois).

Results

A total of 268 eligible patients (mean age 58+11, 77% male)
out of 310 admitted to the hospital diagnosed as NSTEMI-ACS
was studied. Patients were grouped according to development
of CIN. Baseline demographic, clinical and laboratory data of all
patients is demonstrated in Table 1. The age, gender and body
mass index of groups were comparable. Also past history of
HT, DM, smoking and CAD were not different between groups.
Left ventricular EF and admission Hb level were significantly
lower in CIN developed group (p=0.006 and p=0.001 respec-
tively). Killip class on admission were similar between groups.
The volume of contrast agent used was not statistically differ-
ent (p=0.275). Although baseline sCr level was significantly dif-
fer among CIN developed and non-developed patients, eGFR
was not significantly different (p=0.013 and p=0.255 respec-
tively). All other baseline laboratory parameters were compa-
rable between groups.
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Table 2 shows the results of univariate and multivariate logis-
tic regression analysis. In univariate regression analysis, high
density lipoprotein level, left ventricular EF, left ventricular EF
<50%, baseline creatinine, baseline creatinine >1.5 umol/L,
Hb concentration, presence of anemia, eGFR <60 ml/min, con-
trast volume >300 ml, contrast volume/eGFR and HbxEF were
found to correlated with CIN development. Out of these pa-
rameters, contrast volume/eGFR and HbxEF were showed to be
independent predictors of CIN development (OR: 1.310, 95%
Cl: 1.077-1.593; p=0.007 and OR: 0.996, 95% Cl: 0.994-0.998;
p=0.001 respectively). As HbxEF value increases, the risk of
development of CIN decreases.

The predictive value of HbxEF is shown in Table 3. The posi-
tive predictive value of HbxEF <690 is found to be 17.6% and
the negative predictive value is 97.2%.

Figure 1 shows the ROC curve analysis of CIN. Contrast induced
nephropathy is predicted with 85% sensitivity and 57% speci-
ficity if HbxEF <690 (area under curve: 0.724, 95% confidence
interval 0.625-0.824, p<0.001).

Discussion

In this study we have showed that, in patients with NSTEMI-
ACS, the combination of Hb and left ventricular EF is better
than either variable at predicting CIN. This prediction is inde-
pendent of baseline renal function and volume of contrast
agent being used.

Even though CIN is a rare cause of chronic renal failure and
require hemodialysis, it causes prolonged hospitalization, in-
creases in hospital and long term adverse events and end-up
in increase health cost [9,12,13]. Predicting and identifying pa-
tients that will develop CIN is essential. For this purpose var-
ious risk factors have been identified, proposed and applied
in clinical practice [2-4]. Besides the more known risk factors
like chronic renal disease and DM; anemia and low left ven-
tricular EF have been found to be associated with CIN devel-
opment [3,4,20-23]. A group of studies have investigated risk
factors of CIN in ACS patients found similar risk factors as
in non-ACS patients [24-26]. Although it was thought that,
NSTEMI-ACS patients may be at higher risk of CIN develop-
ment than STEMI-ACS patients due to older age, more diabet-
ic patients and multi-vessel disease, the development of CIN
found to be similar in patients undergone percutaneous cor-
onary intervention for both NSTEMI-ACS and STEMI-ACS [27].

Anemia and left ventricular EF <35% found to be independent
risk factors for CIN development [21]. Also anemia and low left
ventricular EF are independent risk factor for development of
CIN in both deteriorated and normal renal function patients [22].
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Table 1. Baseline characteristics of study population and comparison of patients with and without contrast induced nephropathy.

All patients Patients with CIN Patients without CIN

N=268 N=26 N=242

Age — years 58+11 60+11 58+11 0.543

Platelets — 10°/ml 248472 261+107 246167 0.510

Variables are reported as mean + standard deviation or counts (percentages). CIN — contrast induced nephropathy; BMI — body mass
index; CABG — coronary artery bypass graft; CK-MB — creatine kinase-myocardial band; PCl — percutaneous coronary intervention;
eGFR — estimated glomerular filtration rate; LDL — low density lipoprotein; HDL — high-density lipoproteinl LVEF — left ventricular
ejection fraction.

Low left ventricular EF is a risk factor both for CIN and persistent renal dysfunction, anemia found to be associated with higher
nephropathy [23]. In a group of patients that have moderate incidence of CIN irrespective of baseline eGFR [28]. In a study
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Table 2. Univariate and multivariate analysis of contrast induced nephropathy in patients with NSTE-ACS.

Univariate Multivariate

Hemoglobin x EF 0.996  0.993-0.998 <0.001 10.8 0.996  0.994-0.998  0.001

OR - odds ratio; Cl — confidence interval; HT — hypertension; DM — diabetes mellitus; HDL — high density lipoprotein;
LVEF - left ventricular ejection fraction; eGFR — estimated glomerular filtration rate.

Table 3. Predictive value analysis of hemoglobin x left 1.0 5
ventricular ejection fraction. 0
v wov (NI
0.7 =
Hb x LVEF <690 22 (17.6) 103 (82.9)
Hb x LVEF >690 4 (28 139 (97.2) £ 067
Sensitivity: 84.6%, specificity: 57.4%, positive predictive value: & 057
17.6%, negative predictive value: 97.2%. CIN — contrast induced 04 - AUC:0.724
nephropathy; Hb — Hemoglobin; LVEF — left ventricular ejection (1 0.625-0.824
fraction. 03+ p<0.001
. g . . . 0‘2 T
that examined additional risk factors and tried to determine
a risk model in high risky patients (eGFR <60 ml/min) found 0.1
that, despite routine prophylaxis 11.4% patients developed 0.0 — |
CIN [29]. They propose a risk model including; age, contrast 00 01 02 03 04 05 06 07 08 09 10
volume, post-PClI CK-MB level and eGFR. They found that as 1 Specificity
the score increase as well the incidence of CIN. There are also Hb x LVEF <690 had 85% sensitivity and 57% specificity to predict CIN.
. . o AUC - area under curve, Cl — confidence interval.
risk models developed, that contain left ventricular EF [30,31].

Among these risk scores, the most known and popular one is Figure 1. The receive-operating characteristic (ROC) curve of
the Mehran risk score [32]. This risk score gives point to each hemoglobin x left ventricular ejection fraction for
parameters and categorized CIN into 4 groups. To remember predicting contrast induced nefropathy.
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and use these parameters and apply this risk score is not fea-
sible. In this study we found and propose a more effective and
feasible risk parameter in order to predict CIN. This parameter,
HbxEF <690, with 85% sensitivity and 57% specificity predict
CIN and also it has a 97% negative predictive value. This pa-
rameter is easy to remember and could be applied at bedside in
clinical practice. Another parameter found to be independent-
ly associated with CIN development is contrast volume/eGFR.
By using this second parameter, after CAG imaging, more at-
tention could be given to detected risky patients and appro-
priate medication could be preferred accordingly.

This study had some limitations. Firstly, this was a single cen-
ter study and the study population was relatively small. The
duration of hospitalization was not noted. The intra and inter-
observer measurement of left ventricular EF was not evaluated.
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Conclusions

In conclusion, it is easy and simple to measure left ventricu-
lar EF and evaluate Hb level. By using these 2 parameters a
more definitive and predictive parameters for CIN could be
obtained. Although chronic renal disease is the major risk
factor for CIN, it will be very cost-effective to detect the pa-
tients under risk for CIN and take precautions in the pres-
ence of normal sCr level. By this way a more effective preven-
tive treatment could be taken to the risky patient and reduce
the hospitalization duration, in-hospital and long term clini-
cal adverse outcomes.
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