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EJECTION FRACTION IN PREDICTION OF RENAL
DYSFUNCTION IN CARDIORENAL SYNDROME
TYPE 1 AND 2
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Cardiorenal syndrome type 1 represents an acute decompensation of cardiac
function leading to acute renal failure, and cardiorenal syndrome type 2 represents chronic
abnormalities in myocardial function leading to aggravated chronic kidney disease. The aim
of this study was to assess renal function changes in patients hospitalized with heart
failure, de novo and acute decompensated, and to evaluate some of the risk factors for
renal dysfunction.

A total of 580 patients with heart failure were included in the study. The subgroup
of patients with renal dysfunction (368 patients, mean age 70.29 * 9.75) was observed
according to: age, sex, and type of heart failure (systolic and diastolic dysfunction). We
used logistic regression to calculate non-adjusted ORs and 95% confidence intervals for
glomerular filtration rate <60 ml/min/1.73 m? and to determine best risk factors for deve-
lopment of kidney dysfunction.

Renal dysfunction was confirmed in 63.44% of patients with heart failure. Non-
adjusted OR showed that there was a significant risk for the development of renal damage
with age (OR = 5.610; p <0.001), and with the presence of systolic dysfunction (OR =
1.978; p <0.001). The presence of diastolic dysfunction and gender did not have any
impact on the development of renal damage.

We demonstrated that patient’s age and systolic dysfunction were significant risk
factors for the development of renal damage in patients with heart failure, while diastolic
dysfunction and gender did not have any significance. Comparing ORs, age was a better
predictor of renal dysfunction in cardiorenal syndromes type 1 and 2 than systolic dysfun-

ction.
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Introduction

The term ‘Cardiorenal Syndromes’ (CRS)
refers to heart and kidney disorders, where acute
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or chronic dysfunction in one organ may induce
acute or chronic dysfunction of the other (1), and
these are divided into five different subcategories
(2), each of them with different pathophysiologic
mechanisms.

Cardiorenal syndrome type 1 represent acu-
te decompensation of cardiac function leading to
acute renal failure, where worsening of renal fun-
ction complicates acute decompensated heart
failure (ADHF) and acute coronary syndrome (3).
On the other hand, cardiorenal syndrome type 2
describes chronic abnormalities in myocardial
function leading to aggravated chronic kidney di-
sease (3). According to heart failure (HF) registry
databases, renal dysfunction (RD) is the most fre-
quent comorbidity in HF patients associated with
high in-patient mortality rates (4). Patients with
acute HF can be classified as de novo HF and acu-
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te decompensated HF depending on the onset and
duration of their symptoms (5).

In patients with acute HF, hemodynamic ba-
lance, maintained by the kidneys is often disrup-
ted, resulting in decreased organ perfusion and
ultimately organ failure and possibly death. Acute
HF is characterized by diminished left ventricular
systolic function and poor cardiac output, activa-
ting compensatory mechanisms such as the renin-
angiotensin-aldosterone system, sympathetic sys-
tem, and other local mediators, which interact to
maintain the fluid volume (6-8). Furthermore, de-
creased renal perfusion, in addition to nephrotoxic
agents and over-diuresis, eventually leads to
acute kidney injury (AKI) in such patients (5). The
end result of these hemodynamic disturbances in
the kidney is a loss of auto regulation and the on-
set of worsened salt and water retention, reduc-
tion in renal filtration, and oliguria (2).

Due to that knowledge, the aim of this study
was to assess the changes in renal function in
patients hospitalized with acute heart failure, de
novo and acute decompensated, and to determine
the risk factors for the development of renal dys-
function.

Patients and methods

We observed 580 patients with HF (de novo
and acutely decompensated), of both genders,
hospitalized in the Clinic for Cardiovascular Disea-
ses, Clinical Centre NiS, Serbia, between March
and November 2014. The investigation was desig-
ned as a cross-sectional study. It was approved by
the Ethic Committee of the Clinical Center Ni$ and
conducted in compliance with the Declaration of
Helsinki and Good Clinical Practice Guidelines.

The diagnosis of HF was based on the diag-
nostic principles of the European Society of Car-
diology (ESC) (9), and all patients with left ventri-
cular ejection fraction (LVEF) < 45%, or with dias-
tolic heart failure having the New York Heart As-
sociation function (NYHA) class II to IV (10) were
enrolled in the study. Echocardiography was per-
formed on the VIVID 4GE ultrasound system and
LVEF was measured according to the Simpson
method (11). Patients with de novo HF did not
have any previous symptoms and signs of HF, and
patients with acute decompensated HF had pre-
existing heart disease. The majority of the pati-
ents had coronary artery disease, hypertension
and mitral regurgitation, as the main underlying
conditions for the development of HF.

A fasting blood sample (5 mL) was obtained
from each participant and all biochemical mea-
surements were obtained using standard clinical
laboratory methods, and all analysis were per-
formed on the Erba Mannheim XL600 analyzer
(ERBA Diagnostics Mannheim Gmbh, Baden-Wurt-
temberg, Germany).

Elevated creatinine was defined as the valu-
es exceeding 115 pmol/L, and urea was taken to
be elevated if higher than 6,5 mmol/L, with regard
to the reference values in our laboratory. For the

estimation of glomerular filtration rate (eGFR) we
used the Modification of Diet in Renal Disease
(MDRD) formula. Kidney dysfunction was defined
as eGFR < 60 ml/min/1.73 m2.

The clinical group of patients with HF was
further divided into two subgroups according to
the presence of renal dysfunction (RD). The first
subgroup of patients with renal damage consisted
of 368 (63.44%) patients. In the second subgroup
there were 212 (36.55%) patients with normal
renal function used as controls. The subgroup of
patients with renal dysfunction was further ana-
lyzed according to the following factors: age - 279
(75.8%) patients were older than 65 years and 89
(24.2%) were younger; sex - there were 188
(51.08%) males and 180 (48.92%) females; type
of heart failure - systolic dysfunction was obser-
ved in 175 (47.55%) patients and diastolic in 193
(52.44%). They all received diuretics during their
hospital treatment.

Statistical Analyses

The characteristics of the study group were
expressed as mean £ SD (continuous variables)
with the number and % in brackets (categorical
variables). We compared the patient data using
Student t-test for normally distributed data (ex-
pressed as mean * SD). Univariate logistic re-
gression was used to calculate the Odds Ratio
(OR) and 95% Confidence Intervals (CI) for eGFR
<60ml/min/1.73m2. The structure of patients ac-
cording to the type of renal dysfunction was pre-
sented as a box plot figure. The relationship bet-
ween selected variables was determined by the
Pearson’s correlation coefficient (r). All the analy-
ses were performed with SPSS version 10.0
(SPSS, Chicago, IL, United States) at the signifi-
cance level set at p < 0.05.

Results

Renal dysfunction was confirmed in 368
(63.44%) patients with heart failure. Out of them,
234 (63.6%) were the patients with elements of
chronic kidney disease, 59 (16%) had acute kid-
ney function reduction, while in 75 (20.4%) there
was a deterioration of already present chronic fai-
lure. Significant differences were found between
patients in the following: age (p < 0.05), LVEF (p <
0.001), urea (p < 0.001), creatinine (p < 0.001),
and eGFR (p <0.001) (all data presented in Table 1).

Comparing the parameters of global renal
function (plasma concentration of urea, creatinine
and eGFR) and LVEF (%) in the subgroup of pa-
tients with HF who developed renal dysfunction,
we found the following: urea concentration was
significantly higher in patients older than 65 years
than in younger ones (p < 0.001), and in females
compared to males (p< 0.05). Creatinine concen-
tration was significantly higher in patients older
than 65 years compared to younger ones (p <
0.05). The values of eGFR were significantly lower
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in patients older than 65 years (p < 0.001), in
males compared to females (p <0.001), and in pa-
tients with systolic dysfunction (p < 0.01). The
values of LVEF(%) were significantly lower in pa-
tients older than 65 compared to younger ones

(p < 0.05), in females compared to males (p <
0.01), and in those with systolic (p < 0.001) and
diastolic dysfunction (p < 0.01)(all data presented
in Table 2).

Table 1. Baseline characteristics of patients hospitalized with heart failure

Parameter Patier;;sn(\:/z;tg;] rgﬁr:éall;)idney Patients wit(r'1\l ;e3n§tlg)dysfunction b
Age 59.83+12.22 70.29+9.75% 0.05
LVEF (%) 50.61+12.33 37.52+£13.21** 0.001
Urea (mmol/L) 5.26+1.17 11.19+6.88*** 0.001
Creatinine (pmol/L) 85.50+13.31 137.16+£105.31*** 0.001
eGFR (ml/min/1,73m?) 78.75+13.30 51.43+17.20%** 0.001

Data are expressed as X + SD-compared with Student-t test
LVEF-left ventricular ejection fraction; eGFR- estimated glomerular filtration rate.

Table 2. The comparison of risk factors for renal dysfunction in patients with heart failure

Parameters N (erJr:f)?/L) Creatinine (pmol/L) (ml/m(ier(f/FlF,{73m2) I‘(\J/OE)F
<65 89 7.14+4.25 117.87439.23 62.29+19.59 45.99+13.4
Age >65 | 279 10.22+6.94™ 124.96+48.25" 54,49+ 18.17"" 43.29+12.6"
m 188 8.57+4.93 118.73450.26 67.04+19.67 43.08+12.8
Sex f 180 9.63+7.56" 117.84469.98 53.90+ 19.48" 46.07+13.1"
SD no 173 8.09+6.19 115.95+78.41 66.68+19.57 59.46+7.81
yes 175 9.13+5.77 121.45+78.77 60.07+ 20.53™ 39.46+10.3""
no 291 9.1846.19 116.85+68.77 60.77+ 21.27 42.71+9.3
bD yes 193 8.62+5.60 115.11468.72 62.43+ 19.75 45.73+15.3"

*p<0.05, **p<0.01, ***p<0.001
Data are expressed as X £SD-compared with Student-t test
eGFR-estimated glomerular filtration rate; SD-systolic dysfunction; DD-diastolic dysfunction; LVEF-left ventricular

ejection fraction.

Table 3. Non-adjusted Odds Ratio (OR) and 95% confidence intervals (CI) for renal dysfunction in studied patients

Without renal dysfunction With renal dysfunction OR 95%CI p
Age | [<65] 136(60.4) 89(39.6)
5.610 | 3.881-8.108 | <0.001
65+ 76(21.4) 279(78.6)
Sex | m 112(52.83) 188(51.08)
1.027 | 0.994-1.061 0.110
f 100(47.17) 180(48.92)
SD | [no] 69(49.3) 77(32.9) 1.978 | 1.343-2.912 | 0.001
yves 143(32.9) 175(47.55) ' ' ' :
DD | [no] 101(37.7) 167(62.3) 1.068 | 0.761-1500 | 0.704
yes 111(36.2) 193(52.44)

Data are expressed as N(%).
[ ]-reference categories.

SD - systolic dysfunction; DD - diastolic dysfunction.

Non-adjusted Odds Ratio (OR) for renal
dysfunction was presented in Table 3. Non-adjus-
ted OR showed that there was a significant risk for
the development of renal damage with age (OR =
5.610; 95% CI 3.881-8.108, p <0.001), and with
the presence of systolic dysfunction (OR = 1.978;

122

95% CI 1.343-2.912, p < 0.001). The presence of
diastolic dysfunction and gender did not have any
impact on the development of renal damage.
There was a significant positive correlation
between LVEF and eGFR values (r = 0.121; p =
0.004), while no significant correlation was found
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between LVEF and urea and creatinine values in
our patients with renal dysfunction. We found a
negative correlation between age and eGFR values
in renal dysfunction patients (r = -0.425; p <
0.001).

Discussion

Heart failure is the leading cause of hospi-
talization in the age group of 65 years and older,
represents a significant economic burden (6), and
eventually leads to kidney injury. Renal dysfun-
ction is a common finding in HF patients, and its
frequency ranges from 35 to 70% in various stu-
dies (12, 13), and has a high in-patient mortality
(14). In a meta-analysis, unadjusted mortality
rate at one year follow-up was 51% in those with
moderate to severe renal impairment, compared
to 26% in those without any renal impairment
(15). The prevalence of RD in our hospitalized pa-
tients with HF was 63.3%, which was almost 3
times higher compared to other studies (16), whe-
re “moderate” renal failure was found (creatinine
clearance <60/ml/min/m?2) in 22.5% of patients.
On the other hand, in the Valsartan in Heart Failu-
re(Val-HeFT)trial (17)(n = 5010), eGFR was found
to be below 60ml/min/m? at baseline in 58 % of
patients. In both studies, decreased eGFR was a
factor of bad prognosis.

Almost half of our HF patients (40%) sho-
wed the elements of chronic kidney damage.
Chronic kidney disease (CKD) is reported to in-
crease the number of hospitalizations due to wor-
sening of HF, and these individuals have a high
likelihood of cardiovascular death (13). In compa-
rison to chronic, acute renal injuries are reported
less frequently in these patients, which was also
the case in our study. The possible mechanisms
for ARI are arterial hypotension followed by severe
kidney hypoperfusion. A part of our patients, pre-
cisely 10.2% of them with HF, developed rapid
decrease in kidney function at hospital admission.
The incidence of renal function deterioration with
already present chronic failure was somewhat
higher (12.9%) in our patients. Age and baseline
renal function were determined as risk factors for
ARI and exacerbations in chronic HF patients re-
ceiving diuretics (18).

Several studies showed that the prevalence
of kidney failure rises with age (16-19). In accor-
dance with that, significantly more patients older
than 65 years had RD in this study, and this was
an independent risk factor for its occurrence. The
traditional risk factors for heart disease, such as
hypertension, diabetes, smoking or dyslipidemia,
did not have any significant impact on the deve-
lopment of RD.

In our study, renal dysfunction was equally
distributed between genders, despite the fact that
cardiovascular diseases were more frequent in
males compared to females. This could be explain-
ed by the physiological changes after menopause,
most probably the loss of protective estrogen ef-
fect on vasculature. Estrogen decreases the expre-
ssion of angiotensin type 1 receptor and angio-

tensin-converting enzyme, and causes the release
of angiotensinogen substrate (20).

In our study, systolic dysfunction ( <45%
LVEF) was found to be a significant risk factor for
RD, with almost twice as high a risk, unlike dia-
stolic dysfunction. However, in other studies, vari-
ous relations between heart and kidney function
parameters were found. Apparently, elevation in
both ventricles’ end-diastolic pressures and veno-
us pressure contribute to RD by impairing forward
blood flow and by increasing renal venous pres-
sure (21). Predomination of a single process is
probably influenced by the stage of heart disease
and neurohormonal status of a patient. A decrease
of LVEF was associated with acute RD in some
chronic HF patients, and it was clear that low
filling pressures can potentially worsen renal fun-
ction (22). Acute renal injury, as a complication in
congestive HF patients treated with diuretics, was
observed more often in those with systolic (40%)
than diastolic dysfunction (28%) (18). Worsening
of renal function during the first 3 days of hos-
pitalization was also reported in 47% of patients
with acute decompensated HF (23). Additionally,
RD is certainly favored by pronounced vasocon-
striction and sodium retention in acute decom-
pensated HF patients (22).The result of SD as the
significant risk factor for kidney injury in our HF
patients was likely due to its prolonged hypo-
perfusion effect on kidneys.

Urea, creatinine and eGFR were higher in
our patients with RD older than 65 years com-
pared to younger ones. As a consequence of HF
related increase in venous pressure in kidneys,
pressures in the interstitial space and Bowman'’s
capsule also increase and lead to greater urea re-
absorption. Besides, in low-output HF, arterial per-
fusion is maintained by the release of neurohu-
moral mediators, among which is arginine vaso-
pressin that mediates urea reabsorption (13, 21).
However, urea may not be a reliable index of RD,
mostly compared to eGFR, because its serum con-
centrations are affected by different elements of
metabolism (13, 24). This is perhaps the reason of
insignificant correlation between LVEF and urea,
nor creatinine values in our study.

We suppose that higher urea concentrations
in our female patients were due to a lower per-
centage of total body water and significantly faster
decline of eGFR with age, compared to males (25).

The limitation of our study was the lack of
detailed therapeutic aspect overview, as many
therapeutics for HF may compromise renal func-
tion.

Conclusion

Renal dysfunction is common in patients
hospitalized with HF. We have demonstrated that
systolic dysfunction, as well as patient age, were
significant risk factors for the development of re-
nal dysfunction. Our results indicate that age could
be a better prognostic tool for identification of re-
nal dysfunction in patients with heart damage. As
for other evaluated parameters, diastolic dysfun-
ction and gender did not have any significant im-
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pact on the development of renal dysfunction in
cardiorenal syndromes 1 and 2.

The results of our study may provide very

important knowledge to the clinicians and make
possible the prevention of irreversible changes in

10.

11.

12.

13.
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the elderly, who are under a greater risk for renal
damage.
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UTICAJ STAROSTI I EJEKCIONE FRAKCIJE LEVE
KOMORE NA POJAVU RENALNE DISFUNKCIJE
KOD BOLESNIKA SA KARDIORENALNIM
SINDROMOMTIP 11 2
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Kardiorenalni sindrom tip 1 predstavlja akutnu dekompenzaciju src¢ane funkcije sa
posledi¢nim smanjenjem ili gubitkom funkcije bubrega. Kardiorenalni sindrom tip 2
predstavlja postojanje hroni¢ne srcane slabosti, koja prouzrokuje nastanak hroni¢ne
bubrezne bolesti. Cilj ispitivanja bilo je procena bubrezne funkcije kod hospitalizovanih
bolesnika sa akutnom dekompenzacijom srcane slabosti i procena pojedinih faktora rizika
za razvoj bubrezne disfunkcije.

Istrazivanjem je obuhvaceno 580 bolesnika sa sréanom slabosc¢u, koji su u zavis-
nosti od postojanja bubrezne disfunkcije podeljeni u dve podgrupe. Bolesnici sa bub-
reznom disfunkcijom (368 bolesnika, starosti 70,29 + 9,75 godina) su analizirani prema
parametrima: godine, pol i tip sréane slabosti (sistolna ili dijastolna disfunkcija). Koris-
¢ena je logisticka regresija za izraCunavanje nezavisnih faktora rizika za jacinu
glomerulske filtracije ispod 60 ml/min/1,73 m? sa 95% intervalom pouzdanosti. Medu
dobijenim faktorima rizika trebalo je proceniti najadekvatniji za smanjenje jacine glo-
merulske filtracije.

Bubrezna disfunkcija verifikovana je kod 63,44% bolesnika sa sréanom slaboscu.
Kao nezavisni faktori rizika za smanjenje jacine glomerulske filtracije izdvojili su se:
godine bolesnika (OR = 5,610; p < 0,001) i postojanje sistolne disfunkcije (OR = 1,978;
p <0,001). Dijastolna disfunkcija i pol nisu imali uticaja na promenu funkcije bubrega.

Istrazivanjem je dokazano da starost bolesnika i postojanje sistolne disfunkcije
predstavljaju faktore rizika za smanjenje jacine glomerulske filtracije kod bolesnika sa
akutnom dekompenzacijom sréane slabosti. Dijastolna disfunkcija i pol nisu pokazali isti
znacaj. Poredenjem njihovih OR, godine starosti imaju najveci znacaj kao faktor rizika
kod osoba sa kardiorenalnim sindromima tip 1 i tip 2.
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