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Abstract

The prevalence of heart failure is 1-2% of the adult population in developing countries. Decreased kidney function
in these patients is influenced by several factors including low Cardiac Output (CO) (Liu, 2008). Cardiac Index
(CD) is an important parameter for assessing patients with heart failure since a decrease in CI in heart failure patients
indicates the inadequacy of tissue perfusion, including the kidney, which triggers Acute Kidney Injury (AKI).
Thus, it is necessary to study hemodynamic surveillance in patients with heart failure both by using
echocardiography which is routinely carried out in the Emergency Room (IGD) of the Saiful Anwar Public
Hospital (RSSA) as well as a Non-invasive Cardiac System (NiCAS) monitoring tool to predict AKI in patients
with heart failure.

Methods: Analytical observations were done in 39 patients with heart failure in the Emergency Room of RSSA
to determine the suitability of NiCAS and echocardiography in measuring CI to predict acute kidney failure in
these patients.

Results: The suitability of CI measurements on NiCAS and echocardiography was obtained in 23 samples (59%)
(p = 0.175). Creatinine suitability and Echocardiography CI R? were 0.0068. Creatinine suitability and NiCAS CI
were tested at 12" hour, since the patient was hospitalized, under linearity conditions resulting in R? of 0.0024 and
R?0.0287.

Conclusion: Measurement of NiCAS matches measurement with echocardiography in measuring Cardiac Index.
However, neither NiCAS nor Echocardiography does not a match in predicting acute kidney failure in patients
with acute heart failure.
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Introduction

The prevalence of heart failure is estimated to reach 1-2% of the adult population in developing countries and is
mainly experienced by those aged 70 years (Owan, 2006). Heart failure itself can be accompanied by several
diseases including renal insufficiency or kidney failure. Decreased filtration rate of the renal glomerulus in heart
failure patients is influenced by factors such as low Cardiac Output (CO), increased intra-abdominal pressure, and
increased venous pressure (Liu, 2008).

CO is one of the physiological parameters because it is able to reflect directly and provide a proportional
picture of metabolism as a whole. CO indexed by body surface area of Cardiac Index (CI) is an important clinical
parameter and is used to assess patients with heart failure and patients with critical illness. Decreased CO and CI
in patients with heart failure indicates the inadequacy of tissue perfusion, including perfusion to the kidneys, which
triggers acute kidney injury (AKI).

AKI is a condition of sudden kidney function decline within 48 hours. This is marked by an increase in serum
creatinine > 0.3 mg/dl (> 25 pmol/L), or a 50% increase in serum creatinine, or a decrease in urine production
(oliguria) < 0.5 ml/kg/hour for > 6 hours (AKIN ) (Murray, 2007).

A meta-analysis by Smith in 2006 reported that of 80,098 patients treated with heart failure, 63% experienced
worsening kidney function. The deterioration in kidney function is proportional to the increase in mortality. For
each increase in serum creatinine level of 0.5 mg/dL, there is an increase in mortality by 15% (Ronco et al., 2010).

Other studies recommend a scoring system that combines various clinical variables to stratify the risk of
patients with acute heart failure. However, this recommendation does not provide specific guidelines for therapy
while hemodynamic monitoring can be an immediate indication for intervention. In addition, modalities such as
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echocardiography in CO measurements have several limitations, such as difficulty in obtaining continuous
measurements, periodic measurements can be carried out yet personnel who are able to carry out examinations
may not always be available, (Huang, 2012)

Taniguchi et al. conducted a study to measure the cardiac output of heart failure patients without using
echocardiography, but by using the Non-invasive Cardiac System (NiCAS) as a tool to measure the cardiac output
with whole-body impedance cardiography. This tool is able to provide an assessment of cardiac output function
as well as cardiac catheterization, but with non-invasive benefits and no complications (Taniguchi, 2013).

The deteriorating kidney function in patients with heart failure can be prevented through good hemodynamic
monitoring (cardiac output) and as there have been no studies comparing hemodynamic monitoring devices, the
researchers considered it necessary to conduct hemodynamic surveillance studies in patients with heart failure
using both echocardiography, which is commonly done in the Emergency Room of RSSA and other non-invasive
monitoring tools (NiCAS) to predict the incidence of acute kidney failure in patients with heart failure.

Material and Method

This study was an observational analytic study to determine the suitability of NiCAS and echocardiography in
measuring CI to predict acute kidney failure in patients with heart failure. The inclusion criterion was: patients
who came to the emergency room at RSSA aged 40 years old and fulfilled clinical criteria for acute heart failure—
the determination of clinical criteria for heart failure was obtained from the anamnesis and physical examination.
The exclusion criteria included pregnancy, tumor history, with prognosis < 6 months, pneumothorax, anaphylactic
shock, and acute or critical limb ischemia.

The independent variables in this study were the clinical characteristics of the patient, the results of laboratory
measurements, and the CI evaluation of NiCAS and echocardiography. The dependent variable in this study was
the diagnosis of heart failure.

The operational definitions in this study were: (1) patients with heart failure, (2) acute renal failure, (3)
KDIGO AKI criteria, (4) Cardiac Index, (5) echocardiography, and (6) NiCAS. Patients with heart failure are those
who have a history of heart failure (evidenced by medical records or treatment for patients with heart failure).
Acute kidney failure is a condition where serum creatinine, urine production, and BUN levels meet the KDIGO
AKI criteria. The KDIGO AKI criterion is marked by an increase in creatinine of more than 0.3 mg/dL from a
normal laboratory reference value or urine output of less than 0.5 cc/kg/hour for a period of 6 hours. Cardiac Index
(CD) is Cardiac Output indexed by body surface area. Cardiac Index in this study can be calculated either using
echocardiography or NiCAS.
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Echocardiography is the use of ultrasonography to see the function of ejection fraction, measuring CO, CI,
and fluid adequacy in patients with heart failure. Ultrasonography used is GE ultrasonography using a sector probe
to assess cardiac function. The echocardiography operator was the residents of cardiology. NiCAS is a
bioimpedance technology that has been approved by the FDA to measure CI components and is non-invasive.
NiCAS was performed when the patient arrived at the emergency room, in the gurney, in the supine position, had
no contact with surrounding metal and lower limbs at an angle of 45° and upper abduction at an angle of 30 ° to
avoid contact with the skin. Measurements with NiCAS would be done again at T 48 hours after hospitalization
from the emergency room and when the patient was discharged from the hospital.

Results

The results of the analysis showed the comparison of the use of echocardiography and NiCAS in CI measurements
to predict acute kidney failure in patients with heart failure according to inclusion criteria. Data collection was
carried out within 12 months, from December 2017 to December 2018, after the study was approved and declared
ethical. The study took place at the Emergency Department of RSSA. As many as 39 patients met the inclusion
criteria. CI measurements were carried out at 12" and 24" hour since the patient was hospitalized using NiCAS
and at 12" hour since the patient was hospitalized using echocardiography. Measurements of serum creatinine
were carried out at 12 hour and 24" hour since the patient was hospitalized. Informed consent and statement of
approval of the research subjects were carried out for all research subjects, namely patients or family members of
patients in accordance with the existing ethical principles. The general characteristics of the study subjects included
gender, age, and risk factors (Table 1). Numerical data were tested using the normality test, and because the study
sample was less than 40, the Sapphiro-Wilk test was used. The Shapiro-Wilk test results showed an abnormal
distribution (p <0.05), so it was continued with the transformation test. After the transformation test was carried
out, some of the data still were not normally distributed. The characteristics of the study samples are presented in
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Table 1. Characteristics of Research Subjects
Sex Male 22 (56.4%)
Female 17 (43.6%)
Age Average 62.28 years old
Minimum-Maximum 40-86 years old
Diabetes Mellitus Yes 11 (28.2%)
No 28 (71.8%)
Hypertension Yes 26 (66.7%)
No 13 (33.3%)
CAD/ACS Yes 13 (33.3%)
No 26 (66.7%)
Heart Failure
NYHA Class IV 39 (100%)

Test on the suitability of Cardiac Index on NiCAS and echocardiography at the 12" hour since the patient
was hospitalized was performed using a paired t-test. Corresponding CI measurements in NiCAS and
echocardiography were obtained in 23 samples (59%) (p = 0.175) as shown in Table 2.

Table 2. The Suitability of Cardiac index between NiCAS and Echocardiography at 12" Hour of
Observation

CINiCAS CI echocardiography
<2.50r>4 2.5-4
<2.50r>4 12 9
2.5-4 7 11

The normality test of creatinine serum and Cardiac Index on echocardiography at the 12 hour showed normal
distribution results in which linearity requirements were met with R? of 0.0068. This means there was a 0.7%
relationship between 12"-hour measurement of creatinine and CI using echocardiography, while 99.3% was due
to other factors. The correlation test showed a non-significant relationship between creatinine levels at the 12
hour and CI echocardiography at the 12 hour since the patient was hospitalized (p = 0.617, r = 0.083). This is
presented in Figure 1.
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Figure 1. A Correlation Test of Creatinine and Cardiac Index Echocardiography at 12" Hour of
Observation

The suitability of creatinine serum and NiCAS Cardiac Index at the 12" hour since the patient was
hospitalized was tested with a requirement of linearity of R? of 0.0024, which means there was 0.2% relationship
between 12%-hour creatinine levels and 12"-hour CI, while 99.8% was due to other factors. The match between
creatinine and CI levels was found in 18 subjects (46%). The correlation was found not significant between 12-
hour creatinine levels and 12"-hour CI NiCAS (p = 0.765, r = 0.049). This is presented in Figure 2.
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Figure 2. A Correlation Test of Creatinine and Cardiac Index NicAS at 12" Hour of Observation

The suitability of creatinine serum and NiCAS Cardiac Index at the 24" hour since the patient was
hospitalized was tested with a requirement of linearity of R? of 0.0287, which means there was 2.8% relationship
between 24"-hour creatinine levels and 24"-hour CI, while 97.2% was due to other factors. The match between
creatinine and CI levels was found in 21 subjects (54%) with p = 1. The correlation was found significant between
24" hour creatinine levels and 24"-hour CI NiCAS (p = -0.302, r = -0.169). This is presented in Figure 3.
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Figure 3. A Correlation Test of Creatinine and Cardiac Index NicAS at 24" Hour of Observation

Discussion

NiCAS and Echocardiography Cardiac Index

Echocardiography is now a routine along with a wealth of advance research evidence supporting its use in
monitoring CO and CI (Lorne, 2014), while Thoracic Bioimpedance Cardiography (ICG) has been widely used in
recent years as an alternative method of non-invasive, sustainable, operator-dependent, and cost-effective in
measuring SV and cardiac output. When compared with other cardiac output measurement methods, the most
preferred method and the algorithm used by the ICG device have an effect on the correlation coefficient on
echocardiography (Fellahi, 2009).

NiCAS is a new ICG device that combines central and peripheral hemodynamic monitoring and aims at
measuring non-invasive advanced hemodynamics, which can be useful in the management of anesthesiology and
intensive care. NiCAS is also able to capture echocardiogram HR signals to define and measure more accurately
the systolic, SV, CO and CI time intervals. ICG has also been proven to be a reliable and repeatable method for
monitoring cardiac output in patients with sepsis. However, the routine use of ICG to monitor cardiac output in
clinical practice still requires further validation and comparison with other non-invasive hemodynamic tools such
as echocardiography (Fellahi, 2009).

This study revealed the suitability of CI measurements between NiCAS and echocardiography in 23 samples
(59%) and the same result was also found in research by Chen (2014) that there was a correlation between CI
measurement results using ICG and echocardiography (P <0.05); thus, the data measured by ICG can be used as
effectively as data from echocardiography in evaluating CI (Chen, 2014).

A report by Leitman (2016) confirmed the same finding that there was a correlation between CI measurement
results between NiCAS and echocardiography in patients receiving dobutamine of 0.81 with the CI mean of NiCAS
and echocardiography of 2.9+0.6 and 2.8+0.6 I/min/m2, respectively. Siedlecka (2014) confirms that the results
of CI measurements on ICG can be used and have similar results in patients with hypertension, heart failure, and
rehabilitation after a heart attack.

Variations in CI measurements by ICG correlated well compared with measurement results using
echocardiography with r=0.88 (0.82-0.94), p <0.001. ICG can be a reliable, non-invasive method for monitoring
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CI in patients with heart failure (Lorne, 2014).

The disparity of CI measurement data on NiCAS and echocardiography was also found in 16 samples (41%)
of the study. Several factors known to influence ICG readings include scar in the chest area, fluid status that affects
vasodilation or vasoconstriction, the use of continuous positive airway pressure that affects cardiac output, and
COPD patients due to differences in thoracic cavity volume (Lorne, 2014).

Creatinine Measurement in NiCAS and Echocardiography

Patients with heart failure often have comorbid kidney disorders and the relationship between the heart and kidneys

in this condition has become a quite interesting research topic. Kidney disorder in cases of heart failure, called

cardiorenal syndrome, generally occurs due to left ventricular disorders, which results in decreased CO and CI so
the kidneys experience hypoperfusion and decreased glomerular filtration rate (Chen, 2017). KDIGO classifies
acute kidney disorders (AKI) from stages 1 to 3, based on a decrease in the amount of urine or an increase in serum
creatinine levels or both. This criterion has been validated to predict the main mortality rates of patients in hospitals

(Kane-Gill, 2015).

This study found no significant correlation between the reduction in CI measured by NiCAS or
echocardiography and the increase in serum creatinine measured at 12" and 24™ hour since the patient was
hospitalized in patients with heart failure. The absence of a significant correlation also made it impossible to find
the CI cut-off value in determining the increase in serum creatinine levels in line with some previous studies.

A study by Hanberg (2016) showed a non-significant correlation between decreased CI and renal impairment
as indicated by an increase in creatinine in patients with heart failure—the correlation, however, was weak and
paradoxical between CI and creatinine increase. The non-linearity test was also not able to find a significant
positive correlation between CI and creatinine. These findings further emphasize that the reduction in CI is not the
main trigger for kidney disorders in heart failure patients (Hanberg, 2016).

Previous studies that also focused on the relationship between CI and kidney function also consistently
support the findings in this study. In the majority of cases, no significant correlation was found. Only one study
reported a significant relationship between increased CI and worsening renal function (Mullens, 2009).

The glomerular filtration rate is a product of the filtration fraction and renal plasma flow, so it will make
sense if all factors that globally worsened perfusion will also worsen the glomerular filtration rate. The concept of
decreased CI, which causes kidney disorders in the form of decreased eGFR, increases creatinine and urea seems
to be too simplified because the kidneys cannot directly feel or respond to the amount of blood pumped into the
ascending aortic by the heart (cardiac output). Autoregulation in the kidneys, both through the tubuloglomerular
feedback pathway and myogenic autoregulator, is able to maintain renal perfusion and the filtration rate constantly
under reduced CI conditions (Hanberg, 2016).

The study by Nohria (2009) also explained that the reduction in CI was not a major trigger for decreased
kidney function (defined as an increase in serum creatinine > 0.3 mg/dL) and only had a weak correlation (p <
0.01). The main factors triggering kidney dysfunction in patients with heart failure is (Nohria, 2009):

1. Patients as the study subjects tended to be elderly (> 65 years) and had a higher prevalence of comorbidities,
such as hypertension and diabetes, which caused intrinsic renal disorders and heart failure.

2. The presence of hypertension and diabetes, especially hypertension, interferes with autoregulation of renal
blood flow, made this organ more vulnerable to deteriorating function during heart failure therapy. In patients
with heart failure, the renal autoregulation curve moves to the right, which causes a decrease in Mean Arterial
Pressure (MAP) as a consequence of decreased blood flow to the kidneys, vasodilation drugs, or diuretics that
decrease intraglomerular pressure and glomerular filtration rate, which can affect kidney function in normal
subjects.

3. Hypertension and diuretic drugs, especially thiazide, combined with diuretic loops are strongly correlated with
worsening renal function.

Limitation

This study has several limitations, namely:

1. Impaired kidney function is reflected by serum creatinine measurements at certain times (12" and 24" hour
since the patient was hospitalized); most patients with heart failure are assumed to have different kinetic
variations in the creatinine base values.

2. Glomerular filtration rate (where creatinine is a measurement element in it) in patients with heart failure is
affected by a variety of risk factors such as hypertension and diabetes mellitus that can damage the kidneys
intrinsically before getting involved in this study and this may have dissimulated the correlation between
“true” heart failure and kidney dysfunction and CI.

3. The creatinine parameters used in this study were not dominantly influenced by kidney damage such as
damage to tubular function, but rather to muscle damage; thus, future studies need to examine the relationship
between the decrease in CI with kidney function parameters such as tubular damage (like cystatin C).
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Conclusions

e  The measurement of NiCAS as a non-invasive impedance method was suitable in measuring cardiac index as
it showed the same results as shown by echocardiography.

e Echocardiography was suitable to be used in cardiac index measurements to predict acute kidney failure in
patients with acute kidney failure in 20 samples (p = 0.648). Statistical tests showed that there was no
significant relationship between CI echocardiography and increased serum creatinine levels.

e NiCAS was suitable to be used in cardiac index measurements at the 12" hour and the 24" hour since the
patient was hospitalized. It was showing the suitability of 18 samples at the 12™ hour since the patient was
hospitalized. However, at the 24™ hour since the patient was hospitalized, the test showed no significant
relationship.

e There was no matching cardiac index measurement using echocardiography or using NiCAS in predicting
acute kidney failure in patients with acute heart failure.

Suggestions

e The Emergency Room of Syaiful Anwar Public Hospital (RSSA) can consider the use of NiCAS as a non-
invasive monitoring tool for cardiac function because it has the same reliability as echocardiography.

e  Further studies on the relationship between a decrease in cardiac index and the main parameters of kidney
function such as tubular damage (such as cystatin C) must be done.
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