Brochard Critical Care 2014, 18:127
http://ccforum.com/content/18/2/127

C, criTIcAL CARE

COMMENTARY

Variability is adaptability...also during weaning!
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Abstract

Heart rate variability in the frequency domain can now
be obtained at the bedside in the ICU. Promising data
suggest that it may help to characterize a patient
response to a spontaneous breathing trial. Refinement
of the analysis could even help to predict the outcome
of extubation or at least help to detect early patients at
risk of failure. It is possible that combining this type of
analysis, the breathing pattern variability, and other
objective indices could help clinicians in the decision-
making process of weaning and extubation.

A study by Huang and colleagues [1] in the previous
issue of Critical Care suggests that monitoring heart rate
variability may be useful during weaning from mechan-
ical ventilation. In ICUs, a spontaneous breathing trial
(SBT) is today the recommended test to appreciate
whether a patient under mechanical ventilation will tol-
erate extubation. It is an important step incorporated in
the decision-making process for weaning and extubation
[2]. During an SBT, the patient is placed in a situation
that, for a relatively short period, best simulates what
the patient will experience after extubation in terms
of the work of breathing [3]. The period of this test con-
stitutes a quasi-‘experimental’ situation during which a
careful observation can help clinicians to make the best
decision. The test can determine relatively well whether
the patient can breathe without ventilatory support, but
seems less effective at predicting what will happen after
removal of the endotracheal tube. Despite careful ap-
proaches, around 15% to 20% of extubated patients will
still need to be reintubated in the 72 hours after extuba-
tion. These patients have a considerably worse prognosis
than those successfully extubated [4].
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Huang and colleagues proposed an innovative ap-
proach to try to take advantage of the natural response
of heart rate variability in situations of stress to better
predict the risk of extubation failure [1]. Organ function
variability seems to be a natural mechanism reflecting
the adaptability of the system. In situations of stress,
some elements of this variability could reflect the re-
sponse of the system to constraints and the margins for
adaptation. Heart rate and respiratory variability have
been studied in many situations but their exact meaning
is still far from being fully understood. An index derived
from heart rate and from a continuous electrocardio-
gram analysis would be extremely appealing because this
monitoring is available for every patient in the ICU.
Analysis of heart rate variability can now be done in
terms of frequency domain, which requires fast Fourier
transform. Patients with arrhythmias need to be ex-
cluded, and the influence of diverse medications interfer-
ing with the autonomous system, the sympathovagal
balance, or cardiac function is not well known. In differ-
ent domains, including infections, analysis of heart rate
variability has been shown to be a good predictor of the
response to stress [5]. In endotoxinemia, this response is
independent of fever, for instance [6]. Application of this
analysis to weaning is thus attractive. In a carefully per-
formed single-center study, the authors prospectively
studied 101 patients submitted to a T-piece trial and
measured classic respiratory and cardiovascular indices
as well as heart rate variability: 24 patients failed their
SBT, and, among the 77 who were extubated, 13 (17%)
required reintubation within 72 hours. Variability in
terms of very low frequency and total power spectrum
were the most interesting parameters in regard to the
analysis of heart rate variability. Their data suggest that
(a) a reduced variability in the frequency domain is asso-
ciated with failure of SBT and (b) in extubated patients,
only those with successful extubation are able to in-
crease this heart rate variability after extubation. At
the time of the SBT, however, it is not possible to differ-
entiate patients who will ultimately fail extubation
among those who tolerate the SBT. These data are
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promising because they indicate the possibility of an
early detection of patients failing the extubation process,
independently of any subjective assessment, but are still
insufficient at the present time to predict the outcome
of extubation. Potentially, such indices could be used to
test the potential for adaptation to further stress but this
would need further studies.

Breathing pattern variability has been similarly ex-
plored during weaning from mechanical ventilation, and,
interestingly, comparable results have already been
described [7]. Variability indices were shown to be suffi-
cient to separate success from failure cases during wean-
ing, breathing variability being greater in patients
successfully separated from the ventilator and the endo-
tracheal tube. Complex analysis of the breathing pattern
suggests that the degree of variability, of autocorrelation
between breaths, or of the random fraction of variational
activity indicates a different response of the breathing
controller to stress and respiratory constraints [8].
During exercise, the patterns of change in heart rate
variability, respiratory rate variability, and combined car-
diorespiratory variability have been studied simultan-
eously. Measures of heart rate variability were found to
be more frequently able to detect the presence of exer-
cise, with more consistent changes across their metrics
compared with breathing variables [9]. However, it is
possible that, during a specific situation such as weaning
from mechanical ventilation, heart rate variability and
breathing pattern variability could be combined in the
future to better describe the global response of the car-
diorespiratory system and help the clinician in a difficult
decision-making process.
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