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Abstract

Objective Increased transmitral flow velocity (E) to the

early mitral annulus velocity (e0) ratio (E/e0), signifying
increased cardiac filling pressure, was previously found to

be associated with deterioration of renal function in

patients with congestive heart failure. No study, however,

included patients with acute myocardial ischemia. We

hypothesized that elevated E/e0 ratio would be associated

with an increased risk of acute kidney injury (AKI) in ST

elevation myocardial infarction (STEMI) patients under-

going primary percutaneous coronary intervention (PCI).

Study design and methods We conducted a retrospective

study of 804 consecutive STEMI patients between June

2012 and December 2015 who underwent primary PCI and

had a comprehensive echocardiographic examination per-

formed within 72 h of hospital admission. Patients were

stratified according to E/e0 ratio above and B15, and

assessed for AKI using the KDIGO criteria, defined as

either a serum creatinine rise[0.3 mg/dl, or an increase in

serum creatinine C1.5 times baseline.

Results Patients with E/e0 ratio[15 had lower left ven-

tricular (LV) ejection fraction, higher systolic pulmonary

artery pressures, as well as right atrial pressures, and

demonstrated worse in-hospital outcomes. Patients with E/

e0 ratio[15 had more AKI complicating STEMI (27 vs.

7 %; p\ 0.001). In multivariate logistic regression model,

E/e0 ratio[15 was independently associated with AKI

(OR = 1.87, 95 % CI 0.99–3.52; p = 0.05). Other vari-

ables associated with AKI included diabetes, LV ejection

fraction, and glomerular filtration rate.

Conclusions Among STEMI patients undergoing primary

PCI, the early E/e0 ratio[15 was associated with increased

risk for AKI.

Keywords Acute kidney injury � ST elevation myocardial

infarction � Percutaneous coronary intervention � Left
ventricular filling pressures

Introduction

Echocardiographic indices of elevated left ventricular (LV)

filling pressures are associated with adverse outcomes

following acute myocardial infarction (MI) [1–4].

The ratio of the early transmitral flow velocity (E) to the

early diastolic septal or lateral mitral annulus velocity (e0)
has been shown to be the most reliable non-invasive mar-

ker of elevated LV filling pressure [5]. An elevated E/e0

ratio, especially one[15, reportedly predicted poorer

prognosis following MI [6, 7]. An elevated E/e0 ratio was

previously found to be associated with the deterioration of

renal function among hypertensive patients [8] and fol-

lowing renal transplantation [9]. However, its possible

relation to renal function in the setting of acute ischemia

was not assessed. The occurrence of acute kidney injury
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(AKI) following MI has complex and multifactorial

pathogenesis [10–15]. We previously suggested that among

this specific patient population, AKI may represent a spe-

cial type of cardio-renal syndrome [15] due to the adverse

hemodynamic state related both to decreased LV systolic

function [16] and elevated right heart pressures [17],

resulting in reduced renal perfusion [15]. We hypothesized

that among ST elevation MI (STEMI) patients undergoing

reperfusion with primary percutaneous coronary interven-

tion (PCI), echocardiographic correlates of increased left

ventricular pressure would be associated with an increased

risk of AKI.

Materials and methods

We performed a retrospective, single-center observational

study at the Tel-Aviv Sourasky Medical Center, a tertiary

referral hospital with a 24/7 primary PCI service.

Included were all 930 consecutive patients admitted

between June 2012 and February 2015 to the Cardiac

Intensive Care Unit (CICU) with the diagnosis of acute

STEMI. Patients who were treated either conservatively or

by thrombolysis were excluded (n = 9), as were 26

patients, whose final diagnosis on discharge was other than

STEMI (e.g., myocarditis or Takotsubo cardiomyopathy).

We also excluded patients who died within 24 h of

admission (n = 17), since we presumed that there was

insufficient time for AKI to occur, as well as patients

requiring chronic peritoneal dialysis or hemodialysis

(n = 6) treatment. Finally, 68 patients whom echocardio-

graphy assessment did not include calculation of the E/e0

ratio or failed to demonstrate adequate tricuspid regur-

gitation flow were also excluded. The final study popula-

tion included 804 patients whose baseline demographics,

cardiovascular history, clinical risk factors, treatment

characteristics, and laboratory results were all retrieved

from the hospital electronic medical records. Diagnosis of

STEMI was established in accordance with the published

guidelines, including a typical chest pain history, diag-

nostic electrocardiographic changes, and serial elevation of

cardiac biomarkers [18]. The study protocol was approved

by the local institutional ethics committee.

Primary PCI was performed on patients with symp-

toms B12 h in duration as well as in patients with symp-

toms lasting 12–24 h in duration if the symptoms persisted

at the time of admission. Time to coronary reperfusion was

defined as the time from symptom onset (usually chest pain

or discomfort), recorded upon admission, to the restoration

of thrombolysis in myocardial infarction (TIMI) grade 3

flow in the infarct artery, as reported in the catheterization

laboratory report. Following coronary interventional pro-

cedures, physiologic (0.9 %) saline was given

intravenously at a rate of 1 ml/kg/h for 12 h after contrast

exposure. In patients with overt heart failure, the hydration

rate was reduced at the discretion of the attending physi-

cian. The contrast medium used in procedures was iodix-

anol (Visipaque, GE healthcare, Ireland) or iohexol

(Omnipaque, GE healthcare, Ireland). The diagnosis of

clinical heart failure during the acute and subacute phases

of STEMI was based on typical symptoms, such as dys-

pnoea, signs, such as sinus tachycardia, a third heart sound

or pulmonary rales, and some objective evidence of cardiac

dysfunction, such as LV dilatation, and reduced ejection

fraction. The serum creatinine level was determined upon

hospital admission, prior to primary PCI, and at least once

a day, during the CICU stay, and was available for all

analyzed patients. The estimated glomerular filtration rate

(eGFR) was estimated using the abbreviated Modification

of Diet in Renal Disease equation (MDRD) [19]. AKI was

determined using the KDIGO criteria [20], and defined as

either a serum creatinine rise[0.3 mg/dl or more, or an

increase in serum creatinine C1.5 times baseline or more

within 7 days of hospital admission, compared with

admission serum creatinine.

All patients underwent a screening echocardiographic

examination within 3 days of admission. Echocardio-

graphy was performed by Philips IE-33, GE, or Vivid 3

models equipped with S5-1 transducers (Philips Health-

care, Andover, MA, USA). Left ventricular (LV) ejection

fraction was calculated by the Biplane method. The

16-segment model was used for scoring the severity of

segmental wall-motion abnormalities according to the

American Society of Echocardiography [21].

Early transmitral flow velocity (E) and late atrial con-

traction (A) velocity were measured in the apical four-

chamber view to provide an estimate of LV diastolic

function [22]. The early diastolic mitral annular velocity

(e0) was measured using spectral tissue Doppler imaging in

both septal and lateral positions. The ratio of peak E to

peak e0 (mitral E/e0 ratio) was calculated from the average

of at least three cardiac cycles, using the average value of

septal and lateral e0. Right atrial (RA) pressure (repre-

senting central venous pressure) was estimated by the

inferior vena cava (IVC) diameter as well as its response to

inspiration, as previously described [23]. Briefly, expira-

tory and inspiratory IVC diameters and percent collapse

were measured in subcostal views within 2 cm of the RA.

IVC diameter\2.1 cm that collapsed[50 % with a sniff

suggested normal RA pressure (assigned as 5 mm Hg),

whereas an IVC diameter[2.1 cm that collapsed\50 %

with a sniff suggested high RA pressure (15 mm Hg). In

patients with IVC diameter[2.1 cm and no collapse

(\50 %) with a sniff, RA pressure was upgraded to 20 mm

Hg. In indeterminate cases, in which the IVC diameter and

collapse did not fit this paradigm, secondary indices of
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elevated RA pressure were integrated. If uncertainty

remained, RA pressure was left as intermediate value of

10 mm Hg. Peak systolic pulmonary artery pressure

(SPAP) was estimated using the modified Bernoulli for-

mula (4 9 TRVmax2) ? RAP, where TRV max is the

peak systolic tricuspid regurgitation velocity at end

expiration, and RAP is the RA pressure [24]. Prior data

have demonstrated that E/e0 ratio[15 was associated with

adverse outcomes and LV remodeling after AMI [6, 7, 25].

For these reasons, the cohort was dichotomized on the basis

of E/e0 value B and above 15.

All data were summarized and displayed as

mean ± standard deviation for continuous variables, as

median and interquartile range for variables not equally

distributed, and as number (percentage) of patients in

each group for categorical variables. The p values for the

categorical variables were calculated with the Chi-square

test. Continuous variables were compared using the

independent sample t test or the Mann–Whitney U test.

A two-tailed p value of\0.05 was considered significant

for all analyses. The influence of E/e0 ratio[15 on the

risk for AKI was evaluated using multivariate logistic

regression. We adjusted for age, gender, hypertension,

diabetes mellitus, LV ejection fraction, eGFR, and E/e0

ratio[15. A cutoff of E/e0 [ 13 as well as the use of E/

e0 as a continuous variable were used for the sensitivity

analysis. All analyses were performed with the SPSS

software (SPSS Inc., Chicago, IL).

Results

A total of 804 patients were included in the study. Mean

age was 61 ± 11 years and 657 (81 %) were males.

Patients were divided into two groups according to their

admission E/e0 ratio: group 1 (n = 703) with E/e0

ratio B15 and group 2 (n = 101) with E/e0 ratio[15.

Baseline characteristics for each group are shown in

Table 1. Patients with E/e0 ratio[15 were more likely to

be older, of female gender, had more co-morbidities,

longer time to culprit vessel reperfusion, higher Killip

class, and higher admission C-reactive protein levels.

Table 2 presents the key echocardiographic findings

according to the E/e0 ratio\ or above 15. Patients hav-

ing E/e0 ratio[15 had lower LV ejection fraction

(42 ± 8 % vs. 47 ± 7 %, p\ 0.001) and higher SPAP

(38 ± 10 vs. 29 ± 8 mm/hg, p\ 0.001), and were more

likely to have right atrial pressure[10 mm/Hg (25 vs.

13 %, p = 0.002) and[15 mm/Hg (12 vs. 6 %,

p = 0.03). Patients having E/e0 ratio[15 had longer

hospitalization, with more complications and higher

30-day mortality (Table 3).

E/e0 ratio and AKI

Patients having E/e0 ratio[15 were more likely to develop

AKI complicating the course of STEMI (27 vs. 7 %;

p\ 0.001). In the univariate analysis, E/e0 ratio[15 was

independently associated with AKI regardless of LV sys-

tolic function (Fig. 1). Patients having both LV ejection

fraction\45 and E/e0 ratio[15 had an incidence of AKI

fivefold higher compared with patients with LV[45 and

E/e0 ratio\15 (30 vs. 6 %). In the multivariate logistic

regression model, E/e0 ratio[15 was independently asso-

ciated with AKI (OR = 1.87, 95 % CI 0.99–3.52;

p = 0.05). Other variables associated with AKI included

diabetes, LV ejection fraction, and eGFR (Table 4). Sen-

sitivity analysis using a cutoff of E/e0[ 13 as well as the

use of E/e0 as a continuous variable failed to demonstrate

an independent association with AKI.

Discussion

In this cohort of STEMI patients undergoing primary PCI,

echocardiography assessed correlates of elevated LV filling

pressure were independently associated with AKI.

The occurrence of AKI, in STEMI patients undergoing

primary PCI, has a complex and multifactorial pathogen-

esis which goes beyond the administration of contrast

volume during catheterization and related to the acute

cardiac pump failure resulting in reduced renal perfusion

[10–16].

Acute (or type I) Cardio-Renal syndrome (CRS)

described to date in patients with acutely decompensated

heart failure is characterized by a rapid worsening of car-

diac function, leading to AKI [26]. Renal dysfunction in

CRS type I is attributable to a combination of low cardiac

output, which consequently causes reduction in blood flow

and renal perfusion pressure and/or venous congestion

[26]. Recently published studies on heart failure patients

explained the role of venous congestion on renal dys-

function and suggested central venous pressure and right

atrial pressure rather than cardiac output as the main pre-

dictors of worsening renal function [27, 28]. Increased

venous congestion causes an increase in renal interstitial

pressure, which might lead to a hypoxic state of the renal

parenchyma [29]. Increased oxidative stress and inflam-

mation in the tubulointerstitium following venous conges-

tion may also play a role in renal dysfunction [30]. In

accordance with those findings, we previously demon-

strated that STEMI patients developing AKI had both

reduced LV systolic function [16] and elevated systolic

pulmonary artery as well as right atrial (representing cen-

tral venous) pressures [17].
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Only limited data are present on the possible relation of

echocardiographic parameters of diastolic dysfunction and

renal impairment. E/e0 ratio[15 was found to be associated

with renal impairment, manifested as both albuminuria and

mild reductions in eGFR in hypertensive patients [8]. Simi-

larly, E/e0 ratio[15 was also independently associated with

progression to hemodialysis, graft failure, and overall mor-

tality among following kidney transplantation [9]. In our

cohort,E/e0 ratio[15was associatedwith higher risk forAKI.

The finding that patients with an E/e0 ratio[15 had both

reduced LV ejection fraction and elevated right heart pres-

sures may point to the importance of an acute LV diastolic

dysfunction, resulting in elevated right heart and central

venous pressures. This finding may support a plausible

explanation for a pathomechanism, in which the worsening of

renal function inSTEMIpatients is related to a combination of

pump failure and reduced perfusion as well as venous con-

gestion, thus fulfilling the criteria for type I CRS.

Table 1 Baseline

characteristics
Variable E/e0 \ 15

N = 703

E/e0 [ 15

N = 101

p value

Age, years 59 ± 12 72 ± 12 \0.001

Male 599 (85 %) 57 (56 %) \0.001

Hypertension 274 (39 %) 66 (65 %) \0.001

Diabetes mellitus 138 (20 %) 41 (41 %) \0.001

Hyperlipidemia 314 (44 %) 56 (55 %) 0.141

Smoker 386 (55 %) 36 (36 %) \0.001

Family history 155(22 %) 12 (12 %) 0.01

Previous myocardial infarction 93(13 %) 24(24 %) 0.006

Killip class at admission: I/II

III/IV

25 (4 %) 24 (24 %) \0.001

16 (2 %) 6 (6 %) 0.047

Admission eGFR, ml/min/1.73 m2 75 ± 19 58 ± 19 0.001

Time to reperfusion (median, IQR) 174 (60–300) 245 (90–895) \0.001

Peak CPK, IU/l (median, IQR) 865 (383–1822) 662 (312–1715) 0.081

CRP, mg/L (median, IQR) 3.8 (1.2–9.8) 7.6 (1.8–21) \0.001

eGFR estimated glomerular filtration rate, IQR interquartile range, CPK creatine phosphokinase, CRP

C-reactive protein

Table 2 Key

echocardiographic findings

according to E/e0 ratio

Variable E/e0 \ 15

N = 703

E/e0 [ 15

N = 101

p

Ejection fraction, % 47 ± 7 42 ± 8 p\ 0.001

SPAP, mm/Hg 29 ± 8 38 ± 10 p\ 0.001

RAP, mm/Hg 6.1 ± 2.9 7.2 ± 4.3 0.001

RAP[ 10 mm/HG, n (%) 91 (13 %) 25 (25 %) 0.002

RAP[ 15 mm/HG, n (%) 42 (6 %) 12 (12 %) 0.03

Left atrial volume (ml3) 59 ± 14 61 ± 22 0.356

Left atrial volume index (ml/m2) 32 ± 8 31 ± 9 0.124

SPAP systolic pulmonary artery pressure, RAP right atrial pressure

Table 3 In-hospital

complications according to E/e0

ratio

Variable E/e0 \ 15

N = 703

E/e0 [ 15

N = 101

p value

Heart failure, n (%) 41 (6 %) 30 (30 %) \0.001

Atrial fibrillation, n (%) 21 (3 %) 9 (9 %) 0.008

Days of hospitalization, days (median, IQR) 5 (4–6) 6 (4–7) \0.001

30-day mortality, n (%) 4 (1 %) 7 (7 %) \0.001

IQR interquartile range
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Our study bares some important clinical implications.

As the treatment of AKI in STEMI patients following

primary PCI is rather limited, the main strategy is the early

identification of those at risk to develop this complication,

and offers a better opportunity to apply appropriate pre-

ventive management. The addition of simple and early

echocardiographic measurements (LV ejection fraction and

E/e0 ratio[15) to other established clinical risk factors may

be useful for the early identification of those at high risk for

post-PCI AKI. In these high-risk patients, some novel

biomarkers offer the opportunity to diagnose AKI proac-

tively. Markers of tubular injury, such as urinary/plasma

neutrophil gelatinase-associated lipocalin (NGAL), urinary

kidney injury molecule-1 (KIM-1), and urinary IL-18

[31, 32], may help in the early detection of cellular injury

in response to various renal toxins, including contrast

induced nephropathy. This identification, 48–72 h prior to

the actual loss of renal function (manifested as serum

creatinine elevation), may allow the early interventions for

renal protection and more frequent monitoring of urinary

output.

We acknowledge several important limitations of our

study. This was a single-center retrospective and non-ran-

domized observational study, and may have been subject to

bias, even though we included consecutive patients and

attempted to adjust for confounding factors using the

multivariate regression model. Patients having E/e0

ratio[15 were older, having more severe extent of cor-

onary artery disease, longer time to culprit vessel reper-

fusion, heart failure, and higher admission C-reactive

protein levels. In addition, they had larger infarct sizes. It is

possible, thus, that the development of AKI in that group

was not related to elevated E/e0 and may simply be

reflective of higher degree of underlying pathology. As

none of the patients in our study had the previous echo-

cardiography with assessment of E/e0, it is possible that at

least some of the patients who demonstrated the worst

diastolic function post-STEMI (as indicated by the E/e0

ratio) had worse LV diastolic function prior to their infarct.

Finally, as data regarding the concomitant use of Renin/

Angiotensin blockers and diuretics throughout hospitali-

zation were not present in many patients, their effect on

AKI development, early left ventricular remodeling, as

well as preload and afterload could not be assessed.

Moreover, given the higher incidence of hypertension and

heart failure in E/e0 ratio[15 group, it is conceivable that

AKI group had higher percentage of patients on these

medications.

Conclusions

Among STEMI patients undergoing primary PCI, an E/e0

ratio[15 was associated with increased risk for AKI.
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