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Abstract. - OBJECTIVE: Hemodynamic insta-
bility plays an important role in the development
of contrast-induced nephropathy (CIN), which is
an important complication of coronary angiogra-
phy. Left ventricular (LV) end-diastolic pressure
(LVEDP) accurately reflects hemodynamic chang-
es. In clinical practice, measuring LVEDP invasive-
ly presents some challenges and is not always ac-
cessible. This study aimed to investigate the rela-
tionship between tissue Doppler-derived early di-
astolic conduction velocity (E)/[early mitral annu-
lar diastolic velocity (Ea), x peak systolic annu-
lar velocity (Sa)] index, an important surrogate for
LVEDP, and CIN in patients undergoing elective
coronary angiography (ECA).

PATIENTS AND METHODS: This retrospec-
tive study included 388 consecutive patients un-
dergoing ECA. CIN was defined as a 25% or 0.5
mg/dL increase in serum creatinine compared to
baseline values within 72 hours after ECA. Meh-
ran score was calculated in all patients and sys-
tolic and diastolic functions were evaluated with
Doppler echocardiography.

RESULTS: The incidence of CIN was 9.7%.
There was a positive correlation between LV
EDP levels and LV E/(Ea x Sa) index (r = 0.691,
p < 0.001). Higher LV E/(Ea x Sa) index (OR =
1.03, p < 0.001) and Mehran score (OR =1.41, p<
0.001) were independent predictors of CIN. The
threshold value of LV E/(Ea x Sa) index in pre-
dicting CIN was > 1.71 with 75.7% sensitivity and
84.3% specificity (AUC = 0.825).

CONCLUSIONS: In patients undergoing ECA,
the non-invasively measured E/(Ea x Sa) index
can be used as a risk indicator for CIN.

Key Words:
Biomarkers, Contrast-induced nephropathy, In-
flammation, E/(EaxSa) index.

Introduction

Contrast-induced nephropathy (CIN) is the
sudden deterioration of renal function due to

contrast media within 48 hours following the
procedure in the absence of any other neph-
rotoxic events in patients undergoing elective
coronary angiography (ECA) or percutaneous
coronary intervention (PCI)". CIN is associated
with increased in-hospital morbidity and mor-
tality?. The development of CIN is associated
with contrast media volume or toxic effects,
oxidative damage and hemodynamic instabili-
ty, as well as some etiological factors, such as
advanced age and comorbidities®*. Controlling
these risk factors can provide a strategy to pre-
vent the development of CIN, such as hydration
and limitation of contrast media volume during
the procedure®.

The Mehran score, which has been valid for
long years in predicting the risk of CIN and in-
cludes some of the above-mentioned risk factors,
may not reflect hemodynamic instability before
ECA®. Left ventricular (LV) end-diastolic pres-
sure (LV EDP), which accurately reflects hemo-
dynamic changes, is the gold standard for mon-
itoring left ventricular preload. The POSEIDON
trial® showed that the LV EDP-guided hydration
strategy was associated with a lower incidence
of CIN. However, it cannot be measured with
the Swan-Ganz catheter, which is widely used in
the evaluation of hemodynamic parameters. LV
filling pressures are evaluated with early diastol-
ic conduction velocity (E), early mitral annular
diastolic velocity (Ea), and peak systolic annular
velocity (Sa) parameters using Doppler echo-
cardiography. The E/(Ea x Sa) index obtained
from the combination of these filling pressures
parameters provides a robust estimate of LV
EDP’. To the best of our knowledge, we could
not find any study evaluating the relationship
between CIN and E/(Ea x Sa) index in patients
undergoing ECA.
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We hypothesized that the E/(Ea x Sa) index,
an important surrogate for LV EDP, could be
an important prognostic indicator in predicting
CIN and it could improve the Mehran score.
This study aimed to investigate the relationship
between E/(EaxSa) index and Mehran score and
its prognostic role in predicting CIN in patients
undergoing ECA.

Patients and Methods

This retrospective study was performed on
patients who underwent ECA in a single Cardi-
ology Clinic between May and November 2022.
The study was following the revised Declaration
of Helsinki (2013, Brazil) and all ethical pro-
cedures and was approved by the local Ethics
Committee (Decision No.: 2022-18/5). The need
for informed consent was waived under the
approval of the Ethics Committee due to the
retrospective design.

Patient Selection

Patients aged >18 years who underwent elec-
tive coronary angiogram due to suspected stable
coronary artery disease were included in the
study. Exclusion criteria were: a history of any
systemic inflammatory or autoimmune disease,
history of myocardial infarction or decompen-
sated heart failure, thyroid dysfunction, liver dis-
eases, active hepatitis, malignancy, renal failure
(glomerular filtration rate [GFR] <30 mL/min
or hemodialysis), history of anti-inflammatory
or chronic corticosteroid or nephrotoxic drugs,
sepsis, emergency or elective coronary artery
bypass graft following angiography procedure,
major bleeding, pregnant or had delivered within
the last 90 days, and missing data on clinical
measurements. After the exclusion, 380 patients
were included in this study.

Analysis of Patient Data

All patients’ demographic, comorbid diseas-
es, and laboratory data were obtained from the
hospital’s electronic information system and
patient files. Blood samples were taken at the
time of admission and during the follow-up and
were measured using Beckman Coulter LH 780
(Mervue, Galway, Ireland). The levels of he-
moglobin (photometrically), platelets (impedance
method), highly sensitive C-reactive protein (hs-
CRP) (immunoturbidimetric method), albumin
(bromine cresol green method), triglycerides and
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total cholesterol (enzymatic colorimetric method)
and HDL (homogeneous enzymatic colorimetric
method) were determined. Low-density lipopro-
tein (LDL) levels were calculated using the Frie-
dewald formula.

Echocardiographic Measurements

Echocardiographic evaluation and coronary
angiography were performed on the same day.
Echocardiographic data were measured with a
Vivid 7 Dimension Cardiovascular Ultrasound
System (General Electric Vingmed, Horten,
Norway) by an experienced cardiologist. Stan-
dard images and techniques in the American
Society of Echocardiography guidelines were
followed®’. Left ventricular (LV) end-systolic
and end-diastolic diameters (LVESD, LVEDD)
were measured in parasternal long-axis view
with M-mode imaging, and fractional shortness
was calculated. Left ventricular ejection frac-
tion (LV EF) was calculated using the modified
Simpson’s method.

A pulse wave Doppler sample volume was
placed at the ends of the mitral valve. Thus, a
sample of transmitral flow was recorded. The E/A
ratio was calculated by measuring the mitral E, A
velocity and mitral E wave deceleration time val-
ues. The time between the end of the A wave and
the beginning of the E wave was measured. LV
ejection time was performed by placing a pulse
wave Doppler sample volume parallel to the LV
exit path in the apical long axis view.

In tissue Doppler imaging, apical two- and
four-chamber images were used for measure-
ments. Images were obtained by placing the
sample volume on the mitral ring, lateral, anterior
and lower walls of the septum. Mitral Ea, Aa, and
Sa velocities were measured in each segment and
mitral E/Ea ratios and ejection time values were
calculated. Then, the averages of consecutive 3
cardiac cycles were obtained and LV E/(Ea x Sa)
index was calculated (Figure 1).

Coronary Angiography

Angiographic data were analyzed in the cardi-
ac catheterization laboratory. All patients under-
went ECA via the femoral artery. An experienced
interventional cardiologist performed all proce-
dures, and non-ionic low osmolality contrast me-
dia (Omnipaque 350 mg/mL; GE Healthcare,
Cork, Ireland) was used.

The oral fluid infusion was commenced 90
min after the operation for the patients with
an adequate general rate. Blood pressure and
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Figure 1. Standard ultrasound images of study. A, Peak early (E) mitral entry velocity. B, Ea velocity from the medial annulus
in an apical four-chamber view. C, Ea velocity from the lateral annulus in an apical four-chamber view. D, Peak systolic (S)
mitral entry velocity.

electrocardiogram monitoring were conducted at
the coronary unit, and control blood specimens
were acquired. The patients were followed-up
with plasma creatinine values 72 hours after the
operation.

Definitions

In repeated measurements, blood pressure >
140/90 mmHg or antihypertensive drugs was de-
fined as hypertension, and fasting plasma glucose
(FPG) level > 126 mg/dL or using antidiabetic
drugs was defined as diabetes mellitus. Based on
the World Health Organization criteria'®, anemia
was defined according to the hemoglobin value
(<13 g/dL for men and <12 g/dL for women). CIN
was defined as a 25% or 0.5 mg/dL increase in
serum creatinine than baseline values within 72
hours after ECA.

Statistical Analysis

All statistical analyses were performed using
IBM SPSS Statistics for Windows 20.0 (IBM
Corp., Armonk, NY, USA). As a result of the
Kolmogorov-Smirnov test, normally distributed
numerical data were presented as mean+standard
deviation, and non-normally distributed variables
were presented as median (25"-75" quartiles). For
comparisons between groups, the Student’s #-test
and Mann-Whitney U test were used according
to normality distribution. Categorical variables
were expressed as numbers and percentages, and
comparisons between groups were evaluated with
Chi-square and Fisher’s Exact tests. Multivariate
logistic regression analysis was performed to
identify any possible independent predictors of
CIN. Receiver operating characteristic (ROC)

curve analysis was performed to evaluate the
diagnostic performance. p < 0.05 was considered
statistically significant.

Results

The flow chart of the study was presented in
(Figure 2). A total of 524 consecutive patients
were evaluated for the study. 144 patients ex-
cluded from initial study population. The data
of the remaining 380 patients were analyzed.
The mean age of 380 patients included in the
study was 55.1 + 15.7 years, the majority of
them was composed by males (55.8%), and the
incidence of CIN was 9.7%. The baseline char-
acteristics of patients were reported in Table 1.
Mean age was higher in CIN (+) group than in
the CIN (-) group (67.8 £ 13.6 vs. 53.8 + 15.4
years, p < 0.001). The rates of diabetes mellitus
and hypertension and mean glucose level were
higher in the CIN (+) group compared to CIN
(-) group (p < 0.05). Median contrast medium
volume did not differ significantly between
groups, while median Mehran score and mean
LV EDP level were higher in the CIN (+) group
(Table I).

Echocardiographic characteristics are present-
ed in Table II. Mean mitral E velocity (87.8 +
20.9 vs. 77.0 £ 19.8 cm/s, p = 0.002), mean LV E/
Ea ratio (12.5 £ 3.1 vs. 11.2 = 3.5, p = 0.031) and
mean LV E/(Ea x Sa) index (1.8 £ 0.4 vs. 1.3 +
0.4, p <0.001) were higher in in the CIN (+) group
(Table 1I).

A positive correlation was found between LV
EDP levels and LV E/(Ea x Sa) index (r = 0.691,
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[524 consecutive patients were screened for the study ]

l —> 144 patients were excluded
[ 380 patients were included in the analysis I > Baseline TTE and diagnostic CAG
| 37 patients with CIN* ] [ 343 patients without CIN ]

Baseline left ventricle E/(Ea x Sa) index compared between groups

*CIN was defined as a 25% or 0.5 mg/dL increase in serum creatinine than baseline values within 72 hours after CAG

Figure 2. The flow diagram of the study.

Table I. Baseline characteristics and procedural findings.

All CIN
population
Variables of cases Yes n = 37 No n = 343 P

Male gender, n (%) 212 (55.8) 26 (70.3) 186 (54.2) 0.081
Age, years 5514157 67.8 +13.6 53.8+154 <0.001*
> 75 years, n (%) 56 (14.7) 19 (51.4) 37 (10.8) <0.001*
BMI, kg/m? 24.6+3.5 237+£29 247+35 0.090
BSA, m? 1.9+0.2 1.8+£0.2 1.9+0.2 0.086
Smoking, n (%) 16 0(42.1) 17 (45.9) 143 (41.7) 0.726
Hypertension, n (%) 112 (29.5) 21 (56.8) 91 (26.5) <0.001*
Diabetus mellitus, n (%) 44 (11.6) 17 (45.9) 27(7.9) <0.001*
Hemoglobin, g/dL 134+12 13.2+£09 134+1.2 0.466
Glucose, mg/dL 107.7 £ 32.1 118.4 £39.2 106.6 +30.7 0.032*
White blood cell, x10%/uL 5.3(4.4-6.9) 5.1 (4.6-5.6) 5.3 (4.4-6.9) 0.309
Neutrophil, x103/uL 3.8+£09 3.8+0.9 39+£09 0.606
Lymphocyte, x10*/uL 2.8+0.7 29+0.7 2.8+0.7 0.618
Platelet, x10°/uL 257.7+78.1 276.2 +94.6 2557 +753 0.126
Total cholesterol, mg/dL 2479 +30.7 2459+229 248.1 £31.5 0.678
LDL, mg/dL 157 +24.6 158.3+20.8 156.8 £24.9 0.733
HDL, mg/dL 44.2 £ 14.0 41.5+11.3 445+143 0.212
Triglyceride, mg/dL 233 (166-278) 266 (180-295) 231 (166-286) 0.356
hs-CRP, mg/L 3(1.3-6.7) 3.2(1.4-5) 3.0 (1.3-6.7) 0.772
Albumin, g/dL 43.1 +6.8 41.8+7.6 43.2+6.5 0.222
Creatinine, mg/dL

Baseline 09+0.1 09+0.1 09+0.2 0.338

72™ hour 1.0+£0.2 1.2+03 1.0+£0.2 <0.001*
eGFR, mL/min/1.73 m?

Baseline 50.0+13.4 52.1+144 49.8 +13.1 0.316

72th hour 45.0+13.2 402+12.3 455+ 13.6 0.024%*

Contrast medium volume, mL 55 (45-60) 60 (45-70) 55 (45-60) 0.117

Mehran score 0 (0-3) 4(1-7) 0(0-3) <0.001*

LV EDP, mm Hg 10.0 £2.1 13.1+£23 9.6+ 1.8 <0.001*

Continues variables are reported mean = SD or median (IQR). Categorical variables are reported as n (%). BMI, body mass
index, BSA, body surface area, CIN, contrast-induced nephropathy; eGFR, estimated glomerular filtration rate HDL, high-
density lipoprotein cholesterol; hs-CRP, high sensitive C-reactive protein; LDL, low-density lipoprotein cholesterol; LV EDP,
Left ventricle end diastolic pressure.
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Table II. Echocardiographic characteristics.

All CIN
population
Variables of cases Yes n = 37 No n =343 P
LV EF, % 59.3+44 589+4.6 59.3+4.4 0.647
LV EDD, mm 50.5+7.5 51.1+72 50.4+7.8 0.602
LV ESD, mm 339+59 344+6.3 33.8+5.8 0.554
IVSD, mm 9.0+2.0 9.1+1.8 9.0+£2.0 0.771
LVPWT, mm 85+ 1.1 84+13 85+ 1.1 0.640
LA dimension, mm 304 +5.5 32.1+6.5 31.7+£55 0.680
LA volume index, mL/m? 31.0+6.0 32.1+6.2 30.9+6.0 0.250
Mitral E velocity, cm/s 78.1 £20.2 87.8 +£20.9 77.0 +19.8 0.002*
Mitral A velocity, cm/s 73.9+13.2 76.2 + 14.1 73.6+13.9 0.281
Mitral E/A ratio 1.1+04 1.2+£0.5 1.1+04 0.160
Mitral Ea velocity, cm/s 7.6+ 1.7 7.8+ 1.5 7.6+ 1.7 0.492
Mitral Aa velocity, cm/s 7.5+2.5 73+£2.8 74+£2.5 0.819
Mitral Sa velocity, cm/s 79+1.5 7.6+1.4 80=£15 0.201
LV E/Ea ratio 11.3+34 12.5+3.1 11.2+35 0.031*
LV E/(Ea x Sa) index 1.4+04 1.8+ 0.4 1.3+04 <0.001*
Decelerating time, ms 239.3+453 247.0 +£50.1 238.5+43.8 0.270
IVRT, ms 111.4+43.5 117.5+47.2 110.7 £ 42.9 0.365

Continues variables are reported mean + SD or median (IQR). Categorical variables are reported as n (%). CIN, contrast-induced
nephropathy; LA, left atrium; LV, left ventricle; LV EF: Left ventricle ejection fraction, LV EDD: Left ventricle end diastolic
diameter, LV ESD: Left ventricle end systolic diameter, [IVSD: Interventricular septum dimension, LVPWT: Left ventricle
posterior wall thickness, LA: Left atrium, IVRT: Isovolumic relaxation time.

p <0.001) (Figure I) and LV E/Ea ratio (r = 0.556,
p < 0.001). A positive correlation was found be-
tween LV E/(Ea x Sa) index and Mehran score (r
=0.298, p = 0.034) (Figure 3).

Variables associated with CIN (Table I-II)
were considered as potential confounding fac-
tors. Among these factors, the components of
the Mehran score and the LV E/(EaxSa) index
were not included in the regression analysis due
to multi-collinearity. Mehran score and glucose
levels were co-independent predictors of CIN
in both multivariate regression analysis models.

Other independent predictors of CIN were LV
EDP levels in Model I regression analysis (OR =
2.34, 95% CI = 1.96-3.37, p < 0.001), while LV E/
(Ea x Sa) index in Model 2 regression analysis
(OR = 1.03, 95% CI = 1.02-1.04, p < 0.001). Model
1 regression analysis explained 53.5% of the vari-
ance of CIN (Nagelkerke R? = 0.535), while Mod-
el 2 explained 48.5% (Nagelkerke R? = 0.485)
(Table III). Both regression models showed high
diagnostic performance in predicting CIN, while
the diagnostic performance between regression
models was similar (Figure 4A).

E /(Ea x Sa) index
2.5

16 14 12 10 8
LVEDV

Mehran score

Figure 3. Relationship between E/(Ea x Sa) index and LVEDV and Mehran score.
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Table Ill. Independent predictors of contrast induced nephropathy.

Univariable Multivariable
Variables Model | Model I
OR | 95% CI P
OR 95% CI P OR 95% CI P

Mehran score 1.70 | 1.45-2.00 | <0.001 | 1.35 1.10-1.64 0.003 1.41 1.19-1.68 <0.001
Hypertension 3.64 | 1.82-7.27 | <0.001 1.57 0.60-4.10 0.354 1.41 0.58-3.37 0.443
Glucose 1.02 | 1.01-1.03 0.001 | 1.02 1.01-1.03 0.011 1.02 1.01-1.04 0.047
LV EDP 2.57 | 1.96-3.37 | <0.001 | 2.34 1.75-3.13 <0.001 Not included
LV E/(Ea x Sa) .
index, x 102 1.04 | 1.02-1.06 | <0.001 Not included 1.03 1.02-1.04 < 0.001

Nagelkerke R?=0.535, p <0.001 | Nagelkerke R*=0.485, p <0.001

Components of Mehran score and LV E / (Ea % Sa) index were not included in the regression analysis. CI, confidence interval;

LV EDP, Left ventricle end diastolic pressure; OR, odds ratio.

The diagnostic performance of LV EDP and
LV E/(Ea x Sa) index in predicting CIN is
shown in Figure 4B. The threshold value of LV
E/(Ea x Sa) index in predicting CIN was > 1.71
with 75.7% sensitivity and 84.3% specificity
(AUC = 0.825), while the threshold value of
LV EDP was > 12 with 76.4% sensitivity and
92.8% (AUC = 0.870). When the threshold val-
ues of the LV E/(Ea x Sa) index were included
in the Mehran score, it improved the diagnostic
performance of the Mehran score in predicting
CIN (Figure 4C).

Discussion

Here, we present additional contributions of
the LV E/(Ea x Sa) index to the Mehran score
in predicting CIN in patients undergoing ECA.
The main consequences are: 1) LV EDP level
and LV E/(Ea x Sa) index were higher in those
who developed CIN. 2) Increased LV E/(Ea
x Sa) index was an independent predictor for
CIN. 3) Given the high correlation between the
LV E/(Ea x Sa) index and LV EDP, their diag-
nostic performance in predicting CIN did not

A 100 Model I r=mummny B 100 C 100
[ 3 [ ‘Combine
- H Mehran Score
80 80 80
I . L L
> sl Jd Model I1 reference line z eol! ~" reference line 2 60
= -4 = [ { [E/(Eax Sa) =
5 = index =
c + < 3 c
& 4A0H¢ » 40 @ 40
20 20 20
0 I 1 1 1 1 ol 1 I L L 1]z d )
0 20 40 60 80 100 0 20 60 80 100 0 20 40 60 80 100
100-Specificity 100-Specificity 100-Specificity
5 Only Combine
Model I Model I LVEDE K f{if:; 52) Mehran Score  Mehran Score
AUC & SE 0.910£0.03  0.890+0.03 AUCZSE  0870=0.04 0.825 %003 AUCSE  0.768=005  0.832=0.03
95% CI 0.877-0.937 0.854-0919 e 95% CI 0.722-0.810 0812-0.887
AAUC + SE 0024002 95% CI 0.832- 0.904 0.782 - 0.862 Sl : : H g
£ : 5 333' AAUC = SE 0.045+0.03 AAUC + SE 0.084+0.02
Byane : pvalue 0.105 pvalue <0.001

Figure 4. Diagnostic performance assessment in predicting CIN. A, Predictive value of regression models including E/(Ea
x Sa) index and LVEDV. B, Diagnostic performance of the E/(Ea x Sa) index and LVEDV. C, Improved ability of the E/(Ea x

Sa) index added to the Mehran score to predict CIN.
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differ significantly. 4) Expanding the Mehran
score with the LV E/(Ea x Sa) index increased
its ability to predict CIN.

The incidence of CIN in the current study
was 9.5%, consistent with prevalence results (6-
15%) demonstrated by previous studies'*. Tt is
known that advanced age, comorbidities, and pro-
cedure-related contrast material volumes, which
are components of the Mehran score, increase the
risk of CIN’. Besides, additional diseases such
as heart failure, kidney disease and cancer may
increase susceptibility to CIN and worsen renal
vein pressure or LV compliance, which plays a
role in its pathophysiology'*'*. Elevated renal vein
pressure in heart failure is an important cause of
renal hypoperfusion'®. Therefore, we excluded
patients with potential additional diseases to eval-
uate the effect of LV E/(Ea X Sa) index, a surro-
gate marker of LV EDP, on CIN more objectively.

The use of preventive measures and treatments
for risk factors in CIN, which is an important
cause of increasing morbidity and mortality, has
prognostic importance’. The hydration strategy
plays an important role in the prevention of CIN.
Volume overload, as reflected by LV EDP, can
cause renal hypoperfusion by reducing renal blood
flow or increasing renal vein pressure. This inhib-
its contrast media flushing from tubules, resulting
in increased reactive oxygen species and oxidative
stress'’. Thus, it damages the renal vascular en-
dothelium and tubular epithelial cells, leading to
increased apoptosis and necrosis'®. This is further
increased in patients with heart failure'°. There-
fore, it is suggested that high LV EDP should be
recognized as a risk factor for CIN.

Model 1 multiple regression analysis showed
that increased LV EDP was an important pre-
dictor of CIN. Previous studies'?' have reported
conflicting results between high LV EDP levels
and the development of CIN in patients undergo-
ing PCI. Liu et al" reported that an increased LV
EDP level increased the probability of CIN 2.21
times, and the incidence of CIN was approximate-
ly 37% in patients with LV EDP > 20 mm Hg and
LV EF < 40%. Gu et al*® showed that a negative
relationship between LV EDP quartiles and CIN.
Lima et al*' divided LV EDP levels into three
groups as <12, 12-20, and >20, and showed that
the incidence of CIN did not differ significantly
between the groups (5.9% vs. 18.3% vs. 13.6%,
respectively; p = 0.290); they also found that the
development of CIN was associated with lower
LV EF. Similar contradictions were observed in
literature®?? about the LV EDP-guided hydration

strategy. The POSEIDON trial® evaluating the
new fluid protocol based on LV EDP in patients
undergoing cardiac catheterization reported that
increased levels of LV EDP were an important
predictor of CIN, and the incidence of CIN
was lower in patients with LV EDP-guided fluid
therapy. The LAKESIDE trial*? showed that LV
EDP-guided fluid administration did not protect
against the risk of CIN in renal failure patients
undergoing ECA or PCI compared to standard
hydration administration. Based on the conflict-
ing results available in the literature, the potential
effect of LV EDP on CIN deserves further study.

In clinical practice, measuring LV EDP inva-
sively presents some challenges and is not always
accessible. However, Doppler echocardiography is
a reliable tool for predicting LV filling pressure.
Previous studies*~* have shown that diastolic dys-
function can be an important risk factor for CIN.
The E/Ea ratio, which is positively correlated with
LV EDP, may be an important predictor of CIN*-
23, However, it has some limitations. It is affected
by the measurement site in the mitral annulus, not
reliable in predicting LV EDP in patients with a
ratio between 8 and 15, healthy individuals, and
those with regional wall motion abnormalities. Be-
sides, it allows only semi-quantitative evaluation
of LV filling pressure*?’. These limitations can
be overcome with the E/(Ea x Sa) index obtained
from the combination of diastolic and systolic
functions. It has been reported that the E/(Ea x Sa)
index, which is a strong predictor of LV EDP, is
more prominently associated with LV EDP, espe-
cially in patients with preserved or depressed LV
EF’. In our study, E/(Ea x Sa) index exhibited high
correlation with LV EDP and it was higher in the
CIN group. Model 2 multiple regression analysis
showed that E/(Ea x Sa) index was an important
predictor of CIN. Moreover, E/(Ea X Sa) index
showed consistent diagnostic performance com-
pared to LV EDP in predicting CIN. In addition,
ROC Curve analysis showed that the E/(Ea x Sa)
index improved the Mehran score. Current find-
ings support the LV EDP-guided hydration strat-
egy in the prevention of CIN. More importantly,
the E/(Ea x Sa) index with pre-procedural Doppler
echocardiography can guide the use of preventive
measures and treatments in CIN.

Limitations

The present study contains some critical lim-
itations. Firstly, it had a retrospective and sin-
gle-center design. Secondly, an assessment of
CIN, up to 72 hours, was made. The relationship
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between renal functions and Doppler data in the
following periods is not clear. Finally, LV EDP
could be measured invasively once. The change
in the following days and its relationship with
Doppler data could not be evaluated. With the
development of non-invasive imaging modalities
for the evaluation of LV EDP, available LV EDP
information before cardiac catheterization may
provide further opportunities to reduce the risk
of CIN. Multicenter randomized clinical trials
strengthened for clinical outcomes will further
illuminate this issue.

Conclusions

The E/(Ea x Sa) index was found to be an
important predictor of CIN and showed supe-
rior diagnostic performance in predicting CIN.
In patients undergoing ECA, the non-invasively
measured E/(Ea x Sa) index can be used as a risk
indicator for CIN, improve Mehran score, and
guide fluid therapy to prevent CIN.
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