Complexity as cardiorespiratory coupling measure in neonates with different gestational ages

Maria Ribeiro’?, Luisa Castro>*, Luis Antunes'?, Cristina Costa-Santos>* and Teresa Henriques>*

1 Institute for Systems and Computer Engineering, Technology and Science (INESC-TEC), 4200-465 Porto, Portugal 3 Centre for Health Technology and Services Research (CINTESIS), Faculty of Medicine University of Porto, 4200-450 Porto, Portugal
2 Computer Science Department, Faculty of Sciences, University of Porto, 4169-007 Porto, Portugal 4 Department of Community Medicine, Information and Health Decision Sciences-MEDCIDS, Faculty of Medicine, University of Porto, 4200-450 Porto, Portugal

Objective Results

After the transition from fetal to neonatal life, the cardio-respiratory system needs to adapt to the o | . . . Figure 1. Respiration with SampEn increases as GA (r=0.46, p=0.008).
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extrauterine condition. Both the cardiac and respiratory systems display complex dynamics. This .
study aimed to investigate the relationship between cardiorespiratory coupling, heart rate = @
variability (HRV), and respiration of neonatal with gestational age (GA). @ " <
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Several complexity measures have been developed to quantify the complexity of physiological g § LQ
signals. In this study, we applied sample entropy (SampEn) and the bzip2 compressor to the time % S =
series. The mutual information (MIl) and the normalized compression distance (NCD) were used . % -
. ¢ 8 T
to quantify the complexity of the cardiorespiratory coupling. - . g o
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Gestational Age = : , , , | , , ,
Entropy === Sample Entropy [1] . 28 30 32 34 36 38 40
A § 41° . Gestational Age
X = {z;} of N points SampEn = _lnE 3 ) Figure 2. RR signals with bzip2: positive correlation with GA (r=0.69,
O p<0.001).
A — The number of vector pairs of length m + 1 having d[X,,+1(2), Xm+1(j)] < r, with ¢ # j § Q
2 &
B — The total number of template matches of length m also with ¢ # j §' Results obtained show that for the respiratory signals, SampEn increases as
v
Mutual Information [2] , , X S GA increases (see Figure 1). However, the SampEn for RR intervals and Ml
X and Y — Time series DDC > o | | |
I(X,Y) = prxy(z’,j)log pX,.Y(Z,]). px v (i, §) - Joint probability density function of X and Y O gave non-significant correlations. When we applied the bzip2 compressor to
;g | px (4)py (J) px (i) — Marginal probability mass functions of X . the RR signals, we obtained a positive correlation with GA (see Figure 2), but
_ _ S I I I l ] , ] there was no significant correlation between bzip2 of respiratory signals and
Compression [3] ™= Dbzip2 28 30 32 34 36 38 40
N GA. For the complexity of cardiorespiratory coupling with NCD, we obtained a
Approximation Gestational Age
Kolmogorov Complexity (Not computable) p — Program Figure 3. Complexity of cardiorespiratory coupling with negative correlation with GA (see Figure 3).
4 Qi NCD: a negative correlation with GA (r=-0.74, p<0.001).
min{|p| : ®(p) = z} if such p exists .
Kq(z) = ifpd t exist ® — Universal Computer -
00 p does not exis Conclusions
Normalized compression distance (NCD) [4] We infer that SampEn presents better results for respiratory signals. However, bzip2 is better when using RR signals. While the
complexity of the time series increases with GA, the complexity of the coupling decreases. This finding might emerge from the fact
NCDy, = Czy — min{Cy, Cy} Cz — Length, in bits, of the compressed bzip?2 for string that the heart rate is highly modulated by respiration in premature babies. Future studies should investigate the complementary of
maz{Cy, Cy} Cy — Length, in bits, of the compressed bzip2 for strings zy these complexity measures.
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