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Abstract
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studies based on heart rate (HR) data obtained from ECG leads. Monitoring based on ECG leads for long time is not the
preferred method in many Neonatal Intensive Care Units (NICUs) due to probable skin sensitivity reactions at contact points.
Therefore, capturing and visualizing the same disease signs using PR data makes our process more practical and accessible.
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Smart Newborn: A Tool for Early Prediction of a Severe Preterm Newborn Illness.

Ozlem Ucar Isil Giizey

Abstract

Sepsis is a major cause of morbidity, mortality and increased healthcare costs among preterm babies.
Infants are often diagnosed when seriously ill, which decreases the probability for prompt and
complete recovery. To study on sepsis prediction, we developed a medical informatics system
prototype, “Smart Newborn” that retains and analyses patient based data. As initial study, we
illustrate the evolution of 30 minutes pulse rate (PR) histogram samples of a representative patient
within 48 hours before sepsis suspicion, which point out that PR based analysis outcomes are in
parallel with previous studies based on heart rate (HR) data obtained from ECG leads. Monitoring
based on ECG leads for long time is not the preferred method in many Neonatal Intensive Care Units
(NICUs) due to probable skin sensitivity reactions at contact points. Therefore, capturing and
visualizing the same disease signs using PR data makes our process more practical and accessible.
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1. Introduction

Earlier prediction of severe preterm newborn illnesses are good examples of many multidisciplinary
researches carried out in collaboration of engineering and medicine professionals (Clifton, Niehaus,
Charlton, & Colopy, 2015).

Due to their uncompleted physiological development, preterm newborns have low defence against
infectional risks. Late onset neonatal sepsis (LOS) is a bloodstream infection, occurring after the third
day of life. Although vital signs are continuously monitored in a NICU, spontaneous values of these
parameters are not specific for its diagnosis. Once the baby’s condition deteriorates, blood sample for
laboratory analysis is taken and treatment is started. Laboratory results can take up to a day before
becoming available and are associated with false positive and negative results. Therefore early
diagnosis is very valuable, in order to start appropriate and timely treatment to prevent risk of
mortality or lifelong neurodisability (Fairchild & O’Shea, 2010).

To study on open research topics, we, Trakya University Computer Engineering and Medical Faculty
Pediatrics departments, collected information of babies hospitalised in the NICU of our University
Hospital from Feb 2017 to Oct 2017 with the approval of Edirne Clinical Research Ethical Board.

2. Literature Review

Considering the abnormal heart rate characteristics (HRC) during fetal distress and neonatal illness,
Griffin and Moorman (2001) hypothesized that abnormal HRC might precede the clinical diagnosis

of neonatal sepsis. Using 4096 beats epoch of electrocardiogram voltage signal RR intervals



histogram symmetry, characteristics of normalized heart rate (HR) time series before and after sepsis,
sepsis-like illness, or a random time in controls were measured. Sepsis and sepsis-like illness groups
had abnormal HRC before clinical deterioration, as reduced baseline variability and short-lived
decelerations, represented mainly by positive skewness of their histograms. Studies of Fairchild and
O’Shea (2010) were also in parallel. Abnormal patterns were leading to asymmetry, due to the inverse
relationship between intervals and frequencies, this time as negative skew of heart rate tracing

histograms just before sepsis as depicted at Figures 1 and 2.
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Figure 1: Heart Rate Tracing from a neonate  Figure 2: Normal and abnormal heart rate histograms

Griffin and Moorman (2001) Fairchild and O'Shea (2010)
A: Normal HRV Heart Rate tracing (bpm)
B: Decreased HRV with one deceleration A: From a healthy neonate showing many small HR
C: Decreased HRV with multiple accelerations and decelerations - symmetric histogram
superimposed trasient decelerations. B: From a septic neonate showing few accelerations

and many decelerations - asymmetric histogram

There were several other measures used in these and similar studies (Beuchée, et al., 2009; Bohanon,
et al., 2015; Lucchini, Fifer, Sahni, &Signorini, 2016) such as Entropy and Fractal Exponents of RR
intervals, which were used as inputs of predictive algorithms to calculate risk scores of an acute
clinical deterioration.

3. Smart Newborn



We acquired seconds and minutes based times series vital sign data of infants collected by Mindray
iMec Patient Monitors from database of NICU Central Monitoring System and transferred them to
Mysql 5.7 Database on Intel Core 15-6200U CPU @ 2.3 GHz PC. Collected data intervals were 2 one
hour periods daily (11:00-12:00 and 16:00-17:00), when no care was given to babies. Due to mainly
pulse oximeter base monitoring practice of the unit, HR data with 500Hz sampling rate obtained from
ECG leads were missing most of the time. Therefore, PR data taken from pulse oximeter with 125Hz
sampling rate were taken as surrogate of HR as some of previous researches (Stanculescu, Williams,
&Freer, 2014). Collected data were labeled with physicians’ patient status comments and diagnosis

information over the user interface of Smart Newborn.

Smart Newborn

User Interface
Voo 77} Data Analytics,
SignalProcessing
o
— -
ol
Physician = Database
X
o =

User Interface

[ -
-. , 2 Central
_ e "™Database

Monitoring
»
v System

Non-invasive data
Beds —pe——
ﬁ g NICU |

Figure 3: Smart Newborn Infrastructure and its interaction with NICU modules

To be sure of the agreement of PR and HR data, we evaluated the measure of linear dependence by
analysing their correlation coefficients with MATLAB corrcoef function, where coefficients can
range from -1 to 1, with -1 representing a direct negative correlation, 0 representing no correlation,
and 1 representing a direct, positive correlation. Mean of the correlation coefficients, for each 154
available 30 minute HR and PR time series pairs were 0,9410; correlation coefficients of their
skewness were 0,9651. Due to high correlation values, we started with PR based analysis on our
dataset. A few visualisations we obtained with Matlab R2013a are depicted in (Figure 4).

4. Results

Compared to symmetric 30 minutes pulse rate (PR) histogram of the representative patient at Figure
4-A, observed during healthy state, the negative skew of -1.8973 observed after 24 hours in Figure
4-B and absolute value increase of negative skew (to 3.7592) 24 hours later when clinical signs are
obvious in Figure 4-C, are clear interpretation of HRV decrease in the course of sepsis. Additionally,

presence of spread out and rare lower values in Figure 4-B represents the short-lived decelerations.
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Figure 4: 30 minute Pulse Rate time series of A- Healthy; 48 hours before sepsis suspicion.
Skewness: 0.70342. B-24 hours before sepsis suspicion. Skewness:-1.8973. C-Time of sepsis
suspicion and blood withdrawal for culture test. Skewness:-3.7592.

Variability decrease and decelerations of HR before clinical deterioration are accepted as evidence
based facts and two of the main pillars of many preterm newborn LOS prediction algorithms(Griffin
and Moorman 2001; Beuchée, et al., 2009; Fairchild and O’Shea 2010; Stanculescu, et al., 2014 and
Bohanon, et al. 2015). Although obtained with lower sampling frequency than HR data, due to its
higher availability in NICUs, PR variability evolution analysis is a candidate to be considered as

practical tool for pediatricians to evaluate infants’ risk of sepsis.

4. Conclusion and Future Studies

Annual newborn infant death ratios have been monitored and considered as an important indicator of
national health system quality (Dastan & Cetinkaya, 2015). Estimates show that 10% of all neonates
and 25% of very low birth weight babies (VLBW, < 1500 grams birth weight) are affected by sepsis
(Stoll et al., 2002; Beck-Sague et al., 1994). This number rises to 50% for extremely preterm infants
(Modi, et al., 2009). Practical solutions like ours, which may give warning even before clinical signs
of illness, have an important potential to decrease this rate. In order to develop high performing
predictive algorithms, our studies on derivatives of alternative non-invasive vital signs and advanced
machine learning algorithms are ongoing.

References



Beuchée, A., Carrault, G., Bansard, J. Y., Boutaric, E., Bétrémieux, P., Pladys, P. (2009).
Uncorrelated Randomness of the Heart Rate Is Associated with Sepsis in Sick Premature Infants.
Neonatology, 96(2):109-14.

Beck-Sague, C. M., Azimi, P., Fonseca, S. N., Baltimore, R. S., Powell, D., Bland, L. A., Arduino M.
J., McAllister, S., Huberman, R. S., and Sinkowitz, R. L.(1994). Bloodstream infections in
neonatal intensive care unit patients: results of a multicenter study, The Pediatric Infectious
Disease Journal, 13(12) 1110-1116

Bohanon, F. J., Mrazek, A. A., Shabana, M. T., Mims, S., Radhakrishnan, G. L., Kramer, G. C.,
Radhakrishnan, R. S.(2015). Heart rate variability analysis is more sensitive at identifying
neonatal sepsis than conventional vital signs, The American Journal of Surgery, 210: 661-667

Clifton, D.A., Niehaus, K.E., Charlton, P., Colopy, G.W. (2015). Health Informatics via Machine
Learning for the Clinical Management of Patients. IMIA Yearbook of Medical Informatics
2015, 10(1): 38-43.
doi: 10.15265/1Y-2015-014

Dastan, I., Cetinkaya, V. (2015). Comparing Health Systems, Health Expenditures and Health
Indicators in OECD Countries and Turkey, Sosyal Giivenlik Dergisi, 5(1):109-134

Fairchild, K. D., O'Shea, T. M. (2010). Heart Rate Characteristics: Physiomarkers for Detection of
Late-Onset Neonatal Sepsis. Clinical Perinatology,.37(3):581-98.
doi: 10.1016/j.clp.2010.06.002.

Griffin, M. P., Moorman, J. R., (2001). Toward the Early Diagnosis of Neonatal Sepsis and Sepsis-
Like Illness Using Novel Heart Rate Analysis. PEDIATRICS 2001, 107(1):97-104.
doi: 10.1542/peds.107.1.97

Lucchini, M., Fifer, W. P., Sahni, R., Signorini, M. G. (2016). Novel heart rate parameters for the
assessment of autonomic nervous system function in premature infants, Physiological
Measurement, 37(9):1436-46.

Modi, N., Dor’e, J. C., Saraswatula, A., Richards, M., Bamford, K. B., Coello, R., Holmes, A. (2009).
A case definition for national and international neonatal bloodstream infection surveillance,
Archives of Disease in Childhood - Fetal and Neonatal Edition, 94(1) 8—12,
http://dx.doi.org/10.1136/adc.2007.126458

Stanculescu, I, Williams, C.K.I., Freer, Y. (2014). Autoregressive Hidden Markov Models for the
Early Detection of Neonatal Sepsis, IEEE Journal of Biomedical and Health Informatics,
18(5):1560-1570.
doi: 10.1109/JBHI.2013.2294692

Stoll, B. J., Hansen, N., Fanaroff ,A. A., Wright, L. L., Carlo, W. A., R. A., Ehrenkranz, J. A., Lemons,
Donovan, E. F., Stark, A. R., Tyson, J. E.(2002). Late-onset sepsis in very low birth weight
neonates: the experience of the NICHD Neonatal Research Network. Pediatrics, 110(2):285—
291.



	28
	Smart Newborn- A Tool for Early Prediction of a Severe Preterm Newborn Illness

