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a b s t r a c t

Inspiratory premotor potentials reflect the involvement of premotor cortical networks in the compen-
sation of mechanical respiratory loading. Electromagnetic pollution and movement artefacts make them
difficult to record, particularly in clinical environment. In 7 healthy subjects, we tested a simplified record-
ing setup (single vs. linked earlobe reference, bandwidth restriction from 0.05–500 to 0.1–500 Hz) to
erebral cortex
remotor potentials
EG

identify premotor potentials during volitional inspiratory manoeuvres. Pre-triggered ensemble averaging
of Cz EEG epochs starting 2.5 s before the onset of inspiration was used to identify the potentials.

The simplified setup reliably detected the potentials identified by the conventional setup (Cohen’s
Kappa score of 1). It slightly underestimated the slope of the potentials (P = 0.0156).

In conclusion, using a single earlobe reference and a restricted filtering bandwidth does not impair
the detection of inspiratory premotor potentials. This could make the study of respiratory premotor

lt cli
potentials easier in difficu

. Introduction

Inspiratory premotor potentials reflect the involvement of
remotor cortical networks in the compensation of mechanical

oads imposed to the respiratory system (Raux et al., 2007b).
n healthy humans receiving non-invasive mechanical ventila-
ory support, fighting the ventilator gives rise to such potentials
Raux et al., 2007a). This opens the possibility to use inspira-
ory premotor potentials in the intensive care unit (ICU), to study
atient–ventilator interactions from a brain perspective. However,
he ICU environment is electromagnetically challenging for EEG
ecordings. In addition, and in contrast with laboratory experi-
ents in volunteers, it is generally not possible to avoid movement

rtefacts in critically ill patients submitted to physiological record-

ngs. Several approaches, including a careful choice of cables, of
able arrangements, and various filtering techniques can improve
he quality of neurophysiological recordings (Sadafi et al., 2005).
egarding premotor potentials for example, narrowing the filter-

∗ Corresponding author at: Laboratoire de Physiopathologie Respiratoire, Ser-
ice de Pneumologie et de Réanimation, Groupe Hospitalier Pitié Salpétrière, 47-83
oulevard de l’Hôpital, 75651 Paris Cedex 13, France. Tel.: +33 1 42 16 77 97;
ax: +33 1 70 24 72 82.

E-mail address: thomas.similowski@psl.ap-hop-paris.fr (T. Similowski).

569-9048/$ – see front matter © 2010 Elsevier B.V. All rights reserved.
oi:10.1016/j.resp.2010.01.002
nical environments.
© 2010 Elsevier B.V. All rights reserved.

ing bandwidth can help eliminate movements artefacts. In this
perspective, we conducted a study of inspiratory premotor poten-
tials using a reduced filter bandwidth (0.1–500 Hz, instead of
0.05–500 Hz in previous studies) (Macefield and Gandevia, 1991;
Raux et al., 2007b). We also replaced the bilateral earlobes refer-
ence (A+ in the international 10–20 system) that was used in our
previous studies (Raux et al., 2007a,b) by a single earlobe reference
on the dominant side (A1 for right-handed subjects) (Macefield
et al., 1991). The hypothesis tested was that the combination of
a reduced bandwidth and of the more practical “unilateral” setup
would not impair the qualitative detection of inspiratory premotor
potentials. Additionally, we also wished to examine the effect of
these recording modifications on the morphology of the potentials.

2. Materials and methods

2.1. Subjects

Seven healthy subjects (age 20–34, 4 men, BMI
21.9 ± 2.9 kg m−2, all right-handed) participated in the study,

that was part of a larger program having received appropriate legal
and ethical clearance (Comité Consultatif de Protection des Personnes
se prêtant à des Recherches Biomédicales, Pitié-Salpêtrière, Paris,
France). They received detailed information about the methods
used, but were naïve to the purpose of the study. They gave written

http://www.sciencedirect.com/science/journal/15699048
http://www.elsevier.com/locate/resphysiol
mailto:thomas.similowski@psl.ap-hop-paris.fr
dx.doi.org/10.1016/j.resp.2010.01.002
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To avoid any distribution assumption, numerical results were
expressed as median and [range]. Comparisons were conducted
with Wilcoxon’s non-parametric test for matched pairs, two-tailed
(Prism 4c®, GraphPad Software Inc., San Diego, CA, USA).

Fig. 1. Ensemble averaging (7 subjects) of the inspiratory premotor activity
recorded during self-paced sniffs, using linked earlobe reference with a 0.05–500 Hz
bandpass filter (“conventional”) and single earlobe reference with a 0.1–500 Hz
bandpass filter (“simplified”), with indication of the 95% confidence intervals (grey
8 M. Raux et al. / Respiratory Physio

onsent. None had a past history of respiratory or neurological
isease. They were free of psychotropic treatment. They had
een asked to refrain from alcohol consumption during the 24 h
receding the experiment and to avoid sleep deprivation.

.2. Experimental conditions

All the subjects were studied sitting in a comfortable easy chair
hat provided full support to the back, arms, neck and head. They
ere instructed to remain as still as possible and to minimize eye
ovements. The experimenters and the equipment were hidden

rom their view.

.3. Electrophysiological measurements

.3.1. Electroencephalographic activity (EEG)
The electroencephalographic activity was recorded with one

terile subcutaneous 12 mm needle electrode (0.35 mm diame-
er, Comepa, France) inserted into the scalp at Cz (international
EG 10–20 system). Electrode impedance remained between 2 and
k� throughout the recordings. Two distinct references were used:

inked earlobes, or the earlobe of the dominant hemisphere (left in
ll cases). The two corresponding signals were fed to a Neuropack
lectroencephalograph (Nihon Kohden, Tokyo, Japan) for amplifi-
ation and filtering (0.05–500 Hz for the linked earlobes montage,
.1–500 Hz for the single earlobe montage). The signals were digi-
ised at 2 kHz (Chart v5.4, AD Instruments, Castle Hill, Australia)
nd stored on an Apple Macintosh G3 Computer for off-line anal-
sis. In the rest of this article we refer to the setup combining the
ilateral earlobe reference and the 0.05–500 Hz bandwidth as “con-
entional”, and to the setup combining the single earlobe reference
nd the 0.1–500 Hz bandwidth as “simplified”.

.3.2. Electro-oculogram (EOG)
Electro-oculograms were recorded on the same apparatus, using

wo silver cup electrodes taped to the skin at the external canthus
f each eye.

.3.3. Electromyograms (EMG)
Surface recordings of the activity of one scalene muscle were

btained with a pair of silver cup electrodes placed over the
natomical landmark of the middle body of the scalene muscle,
cm above the clavicle. The EMG signals were fed to a Neuropack
lectromyograph (Nihon Kohden, Tokyo, Japan), amplified and fil-
ered (5–1000 Hz). They were digitised at 2 kHz (Chart v5.4, AD
nstruments, Castle Hill, Australia) and stored on an Apple Mac-
ntosh G3 computer for off-line analysis.

.4. Respiratory measurements

The subjects breathed through a nasal mask (ComfortClassic,
espironics Inc., USA), attached in series to a pneumotacho-
raph linear from 0 to 160 l min−1 (4700 series, Hans Rudolf,
ansas City, MO, USA, dead space 14.2 ml, flow resistance
.02–0.04 cm H2O l−1 min−1) that was connected to a spirometer
ML141, AD Instruments, Castle Hill, Australia) in order to measure
he ventilatory flow.

.5. Experimental sequences
The measurements were conducted during a quiet breathing
ontrol period (henceforth referred to as “Control”) and during a
eries of self-paced sniffs (“Sniffs”), a condition known to elicit
nspiratory premotor potentials.
Neurobiology 171 (2010) 67–70

2.6. Data processing

In each condition, circa 120 respiratory cycles were recorded.
For the purpose of ensemble averaging, the EEG was split into 4-s
epochs extending from 2.5 s before to 1.5 s after the onset of inspi-
ration, defined by the zero crossing by the rising flow signal. Any
epoch exhibiting EEG artefacts, spurious EEG activity exceeding 20%
of the root mean square of the baseline signal, or corresponding
to electro-oculographic activity was discarded. Depending on the
subjects, 15–40% of the recorded breaths were eliminated by this
process.

On the averaged tracings, slow negative shifts starting between
2 and 0.5 s before inspiration were first identified as putative
premotor potentials through visual inspection. When an upward
departure from baseline was apparent, first order least square
regression equations were then fitted to the corresponding data
range (Prism 4c®, GraphPad Software Inc., San Diego, CA, USA). In
cases without a visually discernible premotor potential, the first
order least square regression equations were fitted to the data
ranging from −2 s to the onset of inspiration. On a given tracing, a
premotor potential was considered present if and only if the slope
of the corresponding equation was positive and higher than the
lowest value of the 99% confidence interval of the premotor poten-
tial slope previously described in similar conditions (Raux et al.,
2007b).

The latency of the potentials was measured from the onset of
EMG related muscle activity. The amplitude of the potentials was
measured from baseline, at the start of EMG related muscle activity.

2.7. Statistical analysis

The interchangeability of the two setups to identify the presence
of a premotor potential (“yes” vs. “no”) was tested with Cohen’s
Kappa score (Stata8, Statacorp, College Station, TX, USA).
EEG traces; an upward deviation of the trace from zero indicate a negativity, accord-
ing to usual evoked potentials convention). The left vertical line marks the onset of
the inspiratory premotor activity, whereas the right one marks the onset of inspi-
ration. The “scalene EMG” trace corresponds to the averaging of the root mean
square of the EMG (positive values upward). Pm: mouth pressure (negative pressure
downward).
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ig. 2. Identity plots of the inspiratory premotor latencies, amplitudes, and slopes (
.6). In the “slope” graph, all the data points fall under the line of identity, in line w

Differences were considered significant when the probability P
f a type I error was below 5%.

. Results

During the sniff manoeuvres, all the subjects exhibited a premo-
or potential with both setups (Fig. 1). No premotor potential could
e recorded in 6 of the subjects during quiet breathing, whereas
he remaining subject exhibited a premotor potential with both
etups. Cohen’s Kappa was therefore equal to 1, indicating a perfect
ualitative interchangeability.

The amplitudes of the premotor potentials were not signifi-
antly different between setups (simplified 9.16 [4.77–12.30] �V,
onventional 8.90 [3.94–13.67] �V). This was also the case for
he latencies (simplified 1.70 [0.70–2.01] s; conventional 1.70
0.70–1.98] s). In contrast, we found a significant difference
etween the slopes of the linear regressions used to identify the
remotor potentials: with the simplified setup, the median slope
f the regressions was 1.75 [1.24–6.46] �V s−1 whereas with the
onventional setup, it was 2.26 [1.12–6.23] �V s−1 (P = 0.0156)
Fig. 2).

. Discussion

The observation of a decreased premotor potential slope with
single earlobe reference as compared with a linked earlobe

eference is not completely surprising. The source of the pre-
otor potential can be modelled as a vertical dipole, localised

n the cingulate motor areas at the fronto mesial face of the
emisphere contralateral to the movement that gives rise to the
otential (Leuthold and Jentzsch, 2001). With a Cz recording site,
he linked earlobe reference defines a median sagittal vertical plane
Hagemann et al., 2001) that is very close to the plane of the pre-

otor source dipole or even contains it. Restricting the reference to
single earlobe changes the recording plane and creates an angle
etween this plane and the dipole plane. This is bound to reduce the
mplitude of the premotor potential vector, for mere geometrical
eason, by a factor equal to the cosinus of the corresponding angle.

e estimated that the angle between the vertical plane (joined
arlobes) and the plane between Cz and A1 is of about 33◦, which
redicts a slope reduction of about 17% (cos[33] = 0.833). This is
elatively close to the slope difference that we observed (12% on
verage).

In our study, the reduction in premotor potential slope possibly
nduced by the modification of the recording plane was not suffi-

ient to bring the value of the slope below the value that we had
efined as indicative of the presence of the potential (see Section
). From a purely qualitative point of view (presence or absence
f the potentials), the two setups appeared interchangeable. How-
ver, caution is needed, because we studied sniff-related potentials,
d as the slopes of the linear regressions used to identify the potentials, see Section
a statistically significant difference (see second para in Section 3).

of which the slopes tend to be steeper than the slopes of the inspira-
tory load related ones (Raux et al., 2007a,b). Of note, the study was
designed to assess the interchangeability of the two setups quali-
tatively, for which a power analysis showed that 7 subjects were
sufficient. It was not designed to test whether changing the setup
would alter the latency and amplitude determinations. To achieve
that, available reproducibility data indicate that at least 20 subjects
would be necessary (Evidente et al., 1999), and therefore our com-
parisons certainly lacked power (type II errors above 90%). In this
regard, the fact that we found a significant difference in slopes is
novel and interesting. It is possibly in line with the nature of the lin-
ear regression process that we used to determine the slopes of the
potential, that is bound to attenuate the variability of the measure.
This method could thus possibly give access to premotor potential
changes within small samples.

The two modifications of the recording technique that we
tested in this study belong to an ensemble of approaches possi-
bly minimizing the impact of interferences during EEG recordings
performed in “hostile” electromagnetic environments (Sadafi et al.,
2005). It is thus logical to use them if premotor potentials are to be
assessed in ICU patients (of note, showing that a single earlobe ref-
erence does not decrease the ability of the technique to identify
the target potentials indicates that if one earlobe reference should
fall during a study conducted with a bilateral montage, the other is
still able to pick up the target potential). Additional measures, that
do not carry the risk to reduce the efficiency of the detection of
the premotor potentials, can also be used. They include the main-
tenance of the maximal possible distance between the recording
instruments and possible sources of electromagnetic interferences,
careful shielding of the wires, avoidance of electrical loops when
grounding the instrumentation, etc. (Sadafi et al., 2005). The use
of preamplifiers placed as close as possible to the recording elec-
trodes provides good protection against movement artefacts (see,
for example Hug et al., 2008). Increasing the number of epochs aver-
aged to extract a signal from the noise is also a possibility to improve
the results.

Our results suggest that using a single earlobe reference and a
restricted filtering bandwidth does not caricaturally alter the detec-
tion of inspiratory premotor potentials. This however modifies the
slope of the recorded potentials, that tends to be underestimated.
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