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Abstract

Patients with acute brain injury (ABI) present dysfunc-
tions of the autonomic nervous system and consequent al-
terations on the cardiac parameters, particularly in brain
death (BD). Therefore the study of cardiovascular vari-
abilities can provide a complementary tool for time course
predicting and prognostic. QT variability (QTV) versus
heart rate variability (HRV) interactions were explored us-
ing a low order AR-ARARX model, previously validated,
which allows quantifying the QTV Fraction (F%) driven
by HRV. High resolution 12-lead ECG Holter recordings
were taken from pediatric patients admitted to the intensive
care unit with ABI. Power of HRV and QTV driven and un-
driven fractions were calculated considering the frequency
bands: < 0.04Hz (VLF), 0.04−0.15Hz (LF), 0.15−0.4Hz
(HF), > 0.4Hz (HF+) and all frequencies (TP). The me-
dian of F% in patients for which BD has been confirmed
was found to be significantly lower in TP, VLF and HF
bands and significantly higher in HF+ (p< 0.005). Un-
coupling of QT vs RR have clinical potential in differen-
tiating the progression of the disease within children with
ABI, and can contribute for a better individual adjustment
in treatment type and timing, and as early prognostic pre-
dictor of BD.

1. Introduction

Patients with acute brain injury (ABI) present dysfunc-
tions of the autonomic nervous system (ANS) that pro-
duce alterations on the cardiac parameters, particularly in
patients for whom brain death (BD) is confirmed subse-
quently. The study of cardiovascular series variabilities
can not only provide a complementary tool for time course
predicting and prognostic, but moreover can lead to early
reliable predictors of BD, contributing for the efficiency of
organ transplantation programs.

It is well known that reduced heart rate variability
(HRV), accessed in time, frequency and complexity, is a
risk index after trauma, for both morbidity and mortality,
and an early predictor of BD. Some authors have proposed
HRV as auxiliary tool in trauma triage, nevertheless HRV
is not yet used in the clinical practice for ABI patients,
neither considered in the guidelines for BD determination
[1, 2]. Some intracranial events, as hemorrhage and trau-
matic brain injury (TBI) can induce cardiac abnormalities
in ECG morphology and rhythm, namely in T wave mor-
phology and QT interval prolongation [3,4]. Thus QT vari-
ability (QTV) and its HRV dependence are likely to be also
affected.

Study QTV and HRV relation over clinical ECG data is
a trick task, due to uncertainty in T wave delineation in the
presence of noise. The effect over ANS and cardiac func-
tion of several drugs used in intensive care, as dopamine,
noradrenaline, vecuronium, fentanil, propofol or the mida-
zolam, and the different causes of the ABI (TBI, infection,
anoxia, etc...) are additional difficulties to consider. Also,
with respect to pediatric patients which physiology differs
from adult patients the range of ages is an important aspect
to take into account.

In this work a parametric approach is used for explor-
ing the short time linear dependency of QTV on HRV ex-
tracted from Holter recordings of pediatric patients with
ABI, some of which with BD outcome. The HRV, QTV
and the QTV fraction driven by HRV are quantified and
compared among patients with different outcome and in
records from same patients at different times, aiming to
find changes in QTV vs HRV relation related to the sever-
ity of the illness.

2. Data and methods

High resolution 12-lead ECG Holter recordings from 16
pediatric patients with acute brain injury (ABI) admitted
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in the pediatric intensive care unit of Centro Hospitalar S.
João (Portugal) were considered in this study. These data
are integrated of a larger database (45 cases) collected at
the Pediatric intensive care unit of the university hospital
(Centro Hospital de S.João) between 2006 and 2011, in a
project approved by the respective ethic commission and
by the portuguese data protection authority. Parents have
given signed informed consent for inclusion of their chil-
dren in the database. Cases used in this study were selected
by age criteria (11-14 years old) and include 6 patients for
which brain death (BD) has been confirmed by the usual
protocol, during the recording or in a latter moment; all
the other have survived (S).

ECG recordings were automatically annotated using a
wavelet-based system previously developed and validated
[5]. Each of the 8 leads (I, II and V1 to V6) was indepen-
dently annotated (SL marks) and an unique set of marks
was obtained as the median mark for R wave peak and
the first[last] QRS onset[T wave end] among leads with
2 more SL marks in a 12 msec neighborhood. The interval
RR(n) related to the nth beat is defined as the time from
(n−1)th to the nth beat, andQT (n) refers to the QT inter-
val in the nth beat, according with the final marks. In both
series, any time interval out of the 3 standard deviations of
all series or out of the 1.5 standard deviations of the mov-
ing median in a 50 samples interval is considered to be an
outlier and excluded. Segments of 250 consecutive beats
without missing QT intervals or outliers in any of the se-
ries are considered and a notch filter at 0Hz was applied in
each segment for detrending.

QTV versus HRV interactions were explored over these
segments using a low order AR-ARARX model as de-
scribed in [6]. This method explores the beat-to-beat de-
pendency of repolarization, quantifying the QTV Fraction
linearly driven by HRV (F %). It assumes an open loop
linear model (Fig. 1) where xRR(n) = RR(n) − TR and
xQT(n) = QT (n) − TQT are the interval series corrected
for the mean (TR and TQT the mean RR and QT, respec-
tively,in the analyzed segment); wRR(n) and wQT(n) are un-
correlated stationary zero-mean white noises with standard
deviations λRR and λQT, A22(z) is an order p polynomial
and A11(z), A12(z), D(z) are polynomials with order q.
Thus, the series xRR(n) is modeled as an order p autore-
gressive stationary random process (ARp), while the QTV
trend, xQT(n), is assumed to result from two uncorrelated
sources, one driven by HR and one resulting from other
input (ARARXq), as schematized in Fig. 1.

The assumption of uncorrelated sources allows to com-
pute the power spectral density (PSD) of xQT(n) as the sum
of the partial spectra that express the contributions related
and unrelated to HRV. The spectral power within a given
frequency can be obtained by summing the contributions
of the poles located in the band. Power of HRV (PBRR), QTV
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Figure 1. Model of QTV versus HRV interactions.

fractions (RR related: PBQT|RR, RR unrelated: PBQT|QT ) and
global QTV (PBQT)were calculated over valid models con-
sidering the frequency bands B: < 0.04 (VLF), 0.04−0.15
(LF), 0.15−0.4 (HF), > 0.4Hz (HF+) and all frequencies
(TP). The relative fraction of the QTV driven by RR in a
frequency band F (B)% is given as the following ratio:

FB% =
PBQT|RR

PBQT|RR + PBQT|QT

× 100 =
PBQT|RR

PBQT

× 100. (1)

A Wilcoxon rank test for equality of medians was applied
to compare S and BD groups.

3. Results and discussion

Valid models were obtained for 1263 and 361, respec-
tively for S and BD groups, allowing to include in the anal-
ysis a total of 12 patients, as described in Table 1.

The median spectral power by frequency band of HRV,
QTV and QTV fractions is presented in Table 2, along with
the majorant for the p-value of the correspondent statistical
test. As expected BD group presented reduced HRV in
all frequency bands, with high significance (p < 10−16).
With respect to QTV, significative lower measures were
also found for VLF and HF, but the power in HF+ and TP
was increased. Analogous results were found analyzing
separately the power in each QTV fraction, except for a
non significative decrease of PBQT|RR.

The distribution of FB% for each frequency band in
both S and BD groups is presented in the Fig 2; the me-
dian values and respective majorant for the p-value are pre-
sented in Table 3. F% in BD group was significantly lower
for TP, VLF and HF bands and significantly higher for
HF+ (p < 0.005). Thus regarding all frequencies (TP),
in spite of increased power in both QTV fractions in BD
group, the relative importance of the QTV linearly driven
by HRV is decreased. This result suggests that the two
QTV fractions are affected in a different manner, resulting
in uncoupling of ventricular repolarization with heart rate.
Moreover for 4 patients that survived and for which data
is available within a few days apart, median F% has in-
creased considering TP, what can reflect an improvement
in the patient state. On the hand hand, for the only pa-
tient in Brain death group for which two recordings at dif-
ferent days were included in the analysis, median F% has
increased both for TP and HF, decreasing for HF+. Ac-
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Table 1. Patients included in the study

Survivals Brain Death
7 5

# segments 1263 361
non TBI 0 4

TBI 7 1

Figure 2. F% distribution (box and whisker plots) for S
and BD groups.

cording with the clinical information of this patient, brain
death testing protocol has been initiated at the day of the
first recording with negative results in apnea testing, as the
patient reveals signs of spontaneous breathing. A second
brain death test has been performed at the day of the sec-
ond recording, this time with a positive result what con-
firmed the brain death. Thus the clinical state of the pa-
tient is consistent with an evolution from comma to brain
death, confirming the conclusions that can be taken from
the spectral measures.

The use of an homogeneous age criteria for selecting
patients (11-14 years old) allowed to avoid the problem of
dealing with different ages, but resulted in a small data set
to be used. In particular, it was not possible to consider
the effect of the different causes of the ABI in this dataset,
as all non TBI cases were in the BD group. That con-
figures the main limitation of this work. With respect to
the drugs confusing effect, both groups includes patients
under the some kind of substances, with a higher level of
sedoanalgesia over survivals. Sedation and analgesia, in-
ducing comma, can reduce HRV and thus the values of the
parameters on those patients should be closer to the the
values in the BD group, reducing the differences between
groups. Nevertheless, the results allowed to differentiate S
and BD groups.

4. Conclusions

Uncoupling of QT/RR has clinical potential in differ-
entiating the progression of the disease and the outcome

Table 2. Median of spectral power measures and p-values

Survivals Brain Death p value
HRV
P TP

RR 148, 6 23, 3 < 10−4

P VLF
RR 7, 5E − 04 0, 0 < 10−4

P LF
RR 54, 0 8, 0 < 10−4

P HF
RR 18, 4 1, 5 < 10−4

P HF+
RR 6, 0 2, 7 < 10−4

QTV
P TP

QT 13, 3 14, 8 < 10−3

P VLF
QT 1, 6E − 06 6, 2E − 07 < 10−4

P LF
QT 1, 6 1, 7 no significance

P HF
QT 6, 0 4, 6 < 10−4

P HF+
QT 4, 3 7, 8 < 10−4

P TP
QT|RR 2, 1 2, 0 no significance
P VLF

QT|RR 1, 2E − 07 1, 2E − 08 < 10−4

P LF
QT|RR 0, 2 0, 2 no significance
P HF

QT|RR 1, 0 0, 4 < 10−4

P HF+
QT|RR 0, 3 0, 8 < 10−4

P TP
QT|QT 10, 7 12, 4 < 10−4

P VLF
QT|QT 7, 0E − 07 4, 7E − 07 < 10−4

P LF
QT|QT 1, 2 1, 17 no significance
P HF

QT|QT 4, 6 3, 9 < 10−3

P HF+
QT|QT 3, 9 6, 8 < 10−4

Table 3. Median of F (B)% and p-values

Survivals Brain Death p value
F TP% 17.12 14.95 < 10−2

F VLF% 15.84 4.70 < 10−4

F LF% 15.88 18.00 no significance
F HF% 17.52 10.42 < 10−4

F HF+% 8.61 10.79 < 10−2

within children with ABI. Further studies should be per-
formed to establish the effect of the cause of the ABI and
sedoanalgesia over the parameters and to determine cut-
off points that could constitute an auxiliary clinical tool
for providing a better individual adjustment in treatment
type and timing and early prognostic predictor of BD.
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Figure 3. F% distribution (box and whisker plots) at different moments for 5 patients.
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