Analysing cardio-cerebral crosstalks in an adult cohort from CENTER-TBI
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Abstract
Objective: In a previous study we observed the presence of simultaneous increases of Intracranial pressure ICP
and heart rate (HR), which we denominated cardiocerebral crosstalks (CC), and related the number of such events
to patients’ outcome in a paediatric cohort. We present now an extension to an adult cohort from CENTER-TBI.
Methods: We implemented a sliding window algorithm to detect CCs. We consider subwindows of observations
of 10 minutes. If simultaneous increase of HR and ICP happens, of at least 20% with respect to the minimum
value in the windows, a CC event is detected. Then correlation between the number of CCs and mortality was
then obtained. Results: The cohort consisted of 226 adults (aged 16-85). The number of CC events detected varied
(mean of 50, s.d. 58). A point biserial correlation coefficient [8] of -0.13 between mortality and CC was found.
Despite correlation being lower than the paediatric case (-0.30) the negative direction is replicated. Conclusions:
In this work we first extract CCs from ICP and HR observations of TBI adult patients, relating then number of
CCs to patients outcome. Consistency with previous results in a paediatric cohort is shown. The higher the number
of crosstalks the better the patient outcome.
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1. Introduction
Treatment and management of Traumatic Brain Injury (TBI) remains a leading research priority in clinical
practice, with TBI being a worldwide cause of death and disabilities. While focusing on the brain monitored
information such as Intracranial Pressure (ICP), importance should also be given to the interaction between heart
and brain. Previous research in the field has shown the presence of a bidirectional causality existing between ICP,
Mean Arterial Pressure (MAP) and Heart Rate (HR) in 24 hours period post TBI, linking this to the mortality rate
[6].
The interest in the interaction between heart’s and brain’s homeostatic processes, is in fact part of a wide field of
research that has been developed in the last few years [7]. The physiological coupling between the two systems,
has been shown to be an important signal and biomarker for pathological and traumatic events [7].
In our previous study, with paediatric patients, we observed the presence of simultaneous onsets of ICP and heart
rate (HR) transient increases and related the number of such events to patients’ outcome [4]. In this work we
present an extension of the previous work to an adult cohort from the CENTER-TBI study to explore the
relationship between cardio-cerebral crosstalks (CC) behaviour and patients outcome.

2. Dataset

The data used for the present study is a subset cohort from the Collaborative European NeuroTrauma Effectiveness
Research in TBI (CENTER-TBI) project, a consortium born in 2011 with the goal of improving classification
and treatment of TBI patients [3]. Data was collected following the national or local regulatory ethical approvals.
The CENTER-TBI study (EC grant 602150) was conducted according to the European regulations if applicable
and the locally existing country laws, where the recruiting sites were based. Among those, laws regarding privacy,
data protection, human materials, guidance related to clinical studies (for example the ICH Harmonised Tripartite
Guideline for Good Clinical Practice (CPMP/ICH/135/95) (“ICH GCP”) and the World Medical Association
Declaration of Helsinki entitled “Ethical Principles for Medical Research Involving Human Subjects”. Informed
Consent by the patients and/or the legal representative/next of kin was obtained, accordingly to the local
legislations, for all patients recruited in the Core Dataset of CENTER-TBI and documented in the electronic case
report form (e-CRF).

As part of the recruitment process, demographics and clinical data were collected prospectively, together with
monitoring information coming from ICU. Intracranial pressure (ICP) was collected via an intra-parenchymal
strain gauge probe (Codman ICP MicroSensor; Codman & Shurtleff Inc., Raynham, MA), parenchymal fiber
optic pressure sensor (Camino ICP Monitor, Integra Life Sciences, Plainsboro, NJ, United States;
https://www.integralife.com/) or external ventricular drain. The signals were recorded through a digital data
transfer or alternatively digitized using an A/D converter (DT9801; Data Translation, Marlboro, MA), where
appropriate, sampled at frequency of 100 Hertz (Hz) or higher, using the ICM+ software (Cambridge Enterprise
Ltd, Cambridge, UK, http://icmplus.neurosurg.cam.ac.uk) or Moberg CNS Monitor (Moberg Research Inc,
Ambler, PA, USA). For the purpose of the present study, 271 patients from the CENTER-TBI High Resolution
sub-cohort were screened. Only non-EVD patients with good quality of data and outcome available at the time
of the analysis (total n= 226) were included. ICP and HR waveforms were processed with ICM+ software [5].
Demographic data as per version 1.0 were retrieved. The outcome variable we considered in the present analysis
was the binary variable indicating the mortality of the patients.

3. Methods
High resolution waveforms were cleaned partially manually, to remove larger sections of invalid data, and
partially automatically to exclude non-physiological transients like arterial line flushing periods, and downsampled to 0.1 Hz by coarse graining using 10s moving average filter. For each patient the whole monitored
period was considered.
We then used our own sliding window approach to detect the presence of cardio cerebral crosstalks, in the 0.1 Hz
time series, similarly to the paediatric case [4]. Briefly, the algorithm considers sub-windows of observations of
10 minutes and if a simultaneous increase of HR and ICP is present, of a magnitude of at least 20% with respect
to the minimum value in the windows, then a cardio-cerebral crosstalk event is detected (Figure 1).
Since the total length of recordings varied per patient, we normalized the number of CCs per patient by dividing
it by the total number of data points in the time series.
We denominated the normalized CC measure 𝑐𝑡_𝑛𝑝. Such measure is the ratio between the absolute number of
observation and the total length of the time series. For subsequent statistical analysis the patient cohort was split
into fatal (patients who died) and non-fatal (patients who survived) groups and the normalised count of cross-talks
compared between the groups. Point biserial correlation coefficient was then computed between the number of
CC events and mortality.

4. Results
The age range was 16-85 (mean 47) with 46 females and 180 males. The raw number of crosstalks detected was
on average 50 per patient, with a high standard deviation of 58. The distribution of the number of normalized
crosstalks per patient is shown in Figure 2. We then computed the point biserial correlation coefficient between
the new variable and mortality, obtaining a point biserial correlation coefficient of -0.13. Boxplot chart of
mortality with respect to the distribution of number of normalized crosstalks is shown in Figure 3.
The median value for 𝑐𝑡_𝑛𝑝 in the case of mortality is 0.064, while in the case of non-mortality corresponds to
0.11 as shown by the figure. Moreover in Figure 3, we can also see the resulting p-value from the Welch two
sample t-test between the two vectors of 𝑐𝑡_𝑛𝑝 (in case of mortality or not mortality. The choice of the Welch two
sample t-test was made given its higher reliability with unequal sample sizes). The test returns a significant pvalue of 0.03, therefore exhibiting statistically significant difference between the distribution of 𝑐𝑡_𝑛𝑝 in the case
of mortality and not mortality. Such finding is interesting, as it confirms the findings of the paediatric cohort [4].
At the same time it shows a slightly different behaviour. In fact, despite being slightly less correlated than the
case of the paediatric cohort (-0.30 value for the point biserial correlation coefficient) the negative sign of the
correlation is replicated.
5. Discussion and conclusion
In this work we presented a computational workflow where we first computed the presence of events of
simultaneous increase of ICP and HR, and then related it to TBI patients mortality. The quantification of the
number of CCs was pursued using the sliding window algorithm proposed in [4]. Here simultaneous subwindows
of 10 minutes of observations for ICP and HR are considered and a CC is detected if an increase of at least 20%
with respect to the minimum value of the window takes place. The value of 10 minutes and 20% increase was
kept in this work, in order to be comparable with the previous paediatric study we conducted.
We are aware that the identification of only such events of simultaneous increase may be a limitation of the
present study. However we leave to future work the investigation of different time windows lengths where brainheart crosstalks may be detected. The analysis of the CCs vectors for the case of mortality and non mortality
shows also interesting results. First of all, from the Welch Two Sample T-test a significant p-value of 0.03 was
detected, showing significant difference between the two cases of mortality and non mortality when considering

CCs distribution. No significant difference was found in the number of crosstalks per gender. The CCs were then
related to mortality of the patients. Doing this, we detected consistency with previous results in the paediatric
cohort studied. The negative direction of the correlation between mortality and number of crosstalks is retained
between the two cohorts. However the adult cohort from the CENTER-TBI study presents a lower correlation (0.13) with respect to the case of the paediatric cohort studied (-0.30). In both cases, nevertheless, the higher the
number of CCs, the better the patients outcome. This is an interesting finding as it sheds more light on healthycardiovascular interaction between the two [4]. The study could be enriched along many different paths, and these
represent limitations and future directions for the work presented. The parameters of the sliding window algorithm
could be varied according to different clinical hypothesis to be tested, as for example the size of the window
considered in the sliding window algorithm, as well as the percentage increase with respect to the minimum value
of the ICP and HR in the time window frame. Moreover, more variables, such as mean ICP, cerebral
autoregulation, GCS and age could be included into a multivariate modelling of the system.
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Figures

Figure 1: the figure shows the presence of 1 CC crosstalks (highlighted with the blue square) for a 10 minutes
observations of HR (bpm) and ICP (mmHg) in one patient of our cohort. Each time stamp in the x axis corresponds
to 10 seconds of observations. HR, heart rate; ICP, Intracranial pressure.

Figure 2: Distribution of the normalized crosstalks per patient in the adult cohort.

Figure 3: Boxplot showing the distribution of brain-heart crosstalks and mortality in the cohort analysed. As we
can see from the picture the boxplot shows a higher number of cross-talks for the survived patients. A significant
p-value of 0.03 is returned from the Welch Two Sample t-test of the two vectors of brain-heart crosstalks for the
two groups of dead and alive patients.

References
[1] Czosnyka, M. and Pickard, J. D. (2004). Monitoring and interpretation of intracranial pressure. Journal of
Neurology, Neurosurgery & Psychiatry, 75(6):813–821.
[2] Hu, X., Xu, P., Scalzo, F., Vespa, P., and Bergsneider, M. (2009). Morphological clustering and analysis of
continuous intracranial pressure. IEEE Transactions on Biomedical Engineering, 56(3):696–705.

[3] Maas, A. I., Menon, D. K., Steyerberg, E. W., Citerio, G., Lecky, F., Manley, G. T., Hill, S., Legrand, V., and
Sorgner, A. (2014). Collaborative european neurotrauma effectiveness research in traumatic brain injury
(CENTER-TBI) a prospective longitudinal observational study. Neurosurgery, 76(1):67–80.
[4] Dimitri, G. M., Agrawal, S., Young, A., Donnelly, J., Liu, X., Smielewski, P., Hutchinson, P., Czosnyka, M.,
Lio’, P., and Haubrich, C. (2018). Simultaneous transients of intracranial pressure and heart rate in traumatic brain
injury: Methods of analysis. In Intracranial Pressure & Neuromonitoring XVI, pages 147–151. Springer.
[5] Smielewski, P., Czosnyka, M., Steiner, L., Belestri, M., Piechnik, S., & Pickard, J. D. (2005). ICM+: software
for on-line analysis of bedside monitoring data after severe head trauma. In Intracranial pressure and brain
monitoring XII (pp. 43-49). Springer, Vienna.

[6] Gao, L., Smielewski, P., Czosnyka, M., and Ercole, A. (2017). Early asymmetric cardio-cerebral causality
and outcome after severe traumatic brain injury. Journal of neurotrauma, 34(19):2743--2752.

[7] Valenza, G., Toschi, N., and Barbieri, R. (2016). Uncovering brain—heart information through advanced
signal and image processing.

[8] Linacre, John, and G. Rasch. "The expected value of a point-biserial (or similar) correlation." Rasch
Measurement Transactions 22.1 (2008): 1154.

