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Microstructure of cortical activity
during sleep reflects respiratory
events and state of daytime
vigilance
An EEG cluster analysis

Obstructive sleep apnea (OSA) is the
most prevalent form of sleep-disordered
breathing in the general population. It
diminishes quality of life and is associ-
ated with many common comorbid con-
ditions (hypertension, coronary artery
disease, congestive heart failure, cere-
brovascular accidents, cardiac arrhyth-
mias, etc.) [2]. Currently, the preva-
lence of OSA with an apnea–hypopnea
index (AHI)≥ 15 among 30–70-year-old
adults is estimated to be approximately
13% of men and 6% of women [15].
An overnight in-laboratory cardiorespi-
ratory polysomnography (PSG) is con-
sidered tobe thediagnostic gold standard
for diagnosing OSA [4].

Excessive daytime sleepiness (EDS)
has been considered one of the cardi-
nal symptoms of OSA and can result in
reducedvigilance. Theunderlyingpatho-
physiology in this regard is highly com-
plex [6, 20]. Cortical arousals are ob-
served near the end of the vast majority
of obstructive events and therefore have
a fragmentary impact on themacrostruc-
ture of sleep [3]. The respiratory events
lead to fragmentationofnatural sleepand
thus influence both its macrostructure
and microstructure (e. g., cyclic alternat-
ing patterns; CAP) [17]. In addition to
the arousal index (AI) and sleep frag-
mentation, an increased AHI and low
nocturnal oxygen saturation also seem

to be responsible for increased daytime
sleepiness.

The most common form of therapy
for all severity levels of OSA is noc-
turnal continuous overpressure respira-
tion (continuous positive airway pres-
sure, CPAP) [12]. The introduction of
CPAP therapy is known to cause a change
in sleep macrostructure, especially dur-
ing the first night, initially showing an
increase in slow-wave sleep as a rebound
phenomenon [5]. In addition, changes in
sleep microstructure, with a dispropor-
tionate reduction in arousal density and
CAP, have been reported in the CPAP
titration night in particular [5, 14].

As we could show previously, besides
classical visual sleep stage scoring, it is
possible to separate sleep stages solely
by analyzing spatially distributed three-
channel electroencephalogram (EEG)
root mean square (RMS) amplitudes [9].
This new approach allows qualitative and
quantitative evaluations of sleep archi-
tecture. Qualitatively, the homogeneity
or heterogeneity of spatiotemporal EEG
patterns of a given sleep stage and
the similarity or dissimilarity of such
patterns between different sleep stages
can be evaluated objectively [8]. This
methodology thus provides an objective
analysis and visualization of both the
sleep macro- and the sleep microstruc-
ture. The next logical step is to analyze
and visually present the qualitative in-

fluence of CPAP therapy on the change
of cortical EEG patterns. Furthermore,
we aim to correlate the objective analysis
of the homogeneity or heterogeneity of
neuronal patterns with objective clinical
parameters such as sleepiness, e. g., as
objectively measured by pupillometry.

Methods

Patients

The study was conducted in the De-
partment of Otorhinolaryngology, Head
and Neck Surgery, of the Friedrich-
Alexander University Erlangen-Nürn-
berg (FAU), Germany, between March
2016 and November 2016, following
approval by the local Ethics Committee
(# 323_16 Bc). All 31 participating OSA
patients (26 male, 5 female; median age
45 years, lower and upper quartiles: 37
and 57 years), were recruited by the De-
partment of Otorhinolaryngology, Head
and Neck Surgery. Inclusion criteria
for the study were male and female pa-
tients aged between 21 and 80 years with
untreated OSA according to the third
International Classification of Sleep Dis-
orders (ICSD-3; American Academy
of Sleep [13]). Exclusion criteria were
a positive history of misuse of sedatives,
alcohol, or addictive drugs, or other
untreated sleep disorders. All patients
were asked to fill out the Epworth Sleepi-
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ness Scale (ESS) before the first night
of cardiorespiratory diagnostics. In the
morning after the cardiorespiratory PSG,
objective assessmentof vigilancewas car-
ried out. In the subsequent night, CPAP
titration was performed. Data analysis
was carried out during time in bed (TIB)
of the cardiorespiratory diagnostic night,
accumulating to a total recording time
of 276h and 12min. In 18 out of 31 pa-
tients, CPAP titration was performed in
the subsequent night, summing up to
a total sleep time of 153h and 48min.
Patients used the CPAPmask during the
complete time in bed.

Cardiorespiratory polysomno-
graphy and CPAP titration

PSG was carried out using the 33-chan-
nel cardiorespiratory SOMNOscreen di-
agnostic system (SOMNOmedics, Ran-
dersacker, Germany). Technical imple-
mentationof PSG followed theAmerican
Academyof SleepMedicine (AASM) rec-
ommendations using standardized pro-

Hier steht eine Anzeige.
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cedures including an EEG (F4-M1, C4-
M1, O2-M1), right and left electrooculo-
gram (EOG), electromyogram (EMG) of
the mentalis and tibialis muscles, a nasal
respiratory flow sensor (nasal pressure
cannula), thoracic and abdominal respi-
ratory effort sensors (induction plethys-
mography), body position sensors, pulse
oximetry, snoring microphone, a one-
channel electrocardiogram (ECG), and
infrared video recording [7]. For EEG
recording, impedances were kept below
5kΩ and data were sampled at 256Hz
with high- and low-pass filters at 0.2 and
35Hz, respectively. Minimal digital res-
olution was 16 bits per sample. ECG sig-
nal elimination was performed for M1.
The sleep stages (wake; N1; N2; N3;
rapid eye movement, REM) were ana-
lyzed and scored visually in 30 s epochs,
and associated events were scored ac-
cordingtotheAASMcriteria (version2.1,
2014). Scoringwas conductedbyahighly
trained sleep specialist accredited by the
German Sleep Society (DGSM) [1, 7].
Thereby, typical artifacts were marked

and removed subsequently for further
analysis and processing steps [16].

In the night following cardiorespira-
tory PSG, CPAP titration was performed
according to the clinical guidelines of the
Positive Airway Pressure Titration Task
Force of the American Academy of Sleep
Medicine [10].

Objective assessment of vigilance

Computerized evaluation of sleepiness
was performed using the Pupillographic
SleepinessTest(PSTxsIII,AMTechPupil-
knowlogy GmbH, Dossenheim, Ger-
many). Spontaneous and involuntary
pupil movements in darkness are hereby
used to measure and evaluate central
nervous activation objectively over a pe-
riod of 11min. Prior to measurement,
subjects had to wear infrared goggles
for about 2min to adjust to the dark.
The patients were seated on a chair and
instructed to focus on a light-emitting
diode in front of them. The pupillary
unrest index (PUI) was calculated using
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Table 1 Results ofmultiple linear regressions of AHI datawith cortical EEGpattern cluster dis-
tances

Correlation of AHI with r value r2 value p-value Regression equation

Wakeintra 0.3106 0.0965 0.0890 0.0167+ 0.0005*x

REMintra 0.1482 0.0220 0.4344 0.0048+ 0.00002*x

N1intra 0.1979 0.0392 0.2859 0.0072+ 0.00006*x

N2intra 0.4178 0.1746 0.0193 0.0035+ 0.00007*x

N3intra 0.4105 0.1685 0.0242 0.0038+ 0.00005*x

Wake-REM 0.3230 0.1044 0.0816 0.0128+ 0.0003*x

Wake–N1 0.3541 0.1254 0.0507 0.0131+ 0.0003*x

Wake–N2 0.3617 0.1308 0.0456 0.0117+ 0.0003*x

Wake–N3 0.3663 0.1341 0.0465 0.0127+ 0.0003*x

REM–N1 0.2195 0.0482 0.2439 0.0066+ 0.00005*x

REM–N2 0.2972 0.0884 0.1107 0.0052+ 0.00005*x

REM–N3 0.2272 0.0516 0.2274 0.0085+ 0.00005*x

N1–N2 0.2678 0.0717 0.1453 0.006+ 0.00006*x

N1–N3 0.1748 0.0305 0.3470 0.0089+ 0.00004*x

N2–N3 0.4199 0.1763 0.0209 0.0036+ 0.00006*x

Significant linear regressions are printed bold
AHI apnea–hypopnea index, EEG electroencephalogram

Table 2 Results ofmultiple linear regressions of PUI datawith cortical EEGpattern cluster dis-
tances

Correlation of PUI with r value r2 value p-value Regression equation

Wakeintra –0.3602 0.1298 0.0465 0.0462–0.003*x

REMintra 0.2236 0.0500 0.2350 0.0041+ 0.0002*x

N1intra 0.0179 0.0003 0.9240 0.0085+ 0.00003*x

N2intra 0.2797 0.0782 0.1275 0.0036+ 0.0003*x

N3intra 0.1198 0.0144 0.5283 0.0044+ 0.00009*x

Wake-REM –0.2742 0.0752 0.1426 0.0297–0.0015*x

Wake–N1 –0.3345 0.1119 0.0659 0.032–0.0018*x

Wake–N2 –0.3076 0.0946 0.0923 0.0299–0.0017*x

Wake–N3 –0.3744 0.1402 0.0415 0.0332–0.002*x

REM–N1 0.0266 0.0007 0.8888 0.0076+ 0.00004*x

REM–N2 0.2625 0.0689 0.1611 0.0048+ 0.0002*x

REM–N3 0.1243 0.0155 0.5127 0.0086+ 0.0002*x

N1–N2 0.1113 0.0124 0.5510 0.0066+ 0.0001*x

N1–N3 0.1322 0.0175 0.4782 0.0088+ 0.0002*x

N2–N3 0.1614 0.0260 0.3943 0.0042+ 0.0001*x

Significant linear regressions are printed bold
EEG electroencephalogram, PUI pupillary unrest index

an electronic pupillometer with video
goggles and infrared illumination with
the aid of customized software. The
sampling rate was 25Hz. Details of this
methodology have been validated and
published elsewhere [11, 18, 19].

Extracting spatiotemporal patterns
of neuronal activity from EEG

Neurophysiological recordings, e. g.,
EEG, provide measures of neuronal ac-
tivity evolving over time. Therefore, such
data can be seen as a time series of ampli-
tude values that can be broken down to
one single value in a given time interval
by RMS analysis. These single values

recorded across the different record-
ing channels during the same time bin
reflect a spatial pattern of neuronal ac-
tivity present at that time. The complete
method has been described previously
elsewhere [8, 9] but will be summarized
here: The normalized RMS values of
each single EEG channel were calcu-
lated for each 30s epoch (synchronized
to the sleep stage analysis). The RMS
amplitudes of the three recording chan-
nels correspond to a three-dimensional
vector for each 30s interval, whereas
successive vectors form a trajectory
in three-dimensional space. Each point
was labeled with the corresponding sleep
stage (cluster labels). A newly developed
method was then applied to statistically
compare these clusters of data points
in n-dimensional space. It is based on
calculating the so-called discrimination
value, taking into account all intra- and
inter-cluster distances between each pair
of data points in n-dimensional space.
These distances are a measure of how
similar or dissimilar two points (i. e.,
EEG activation patterns) in n-dimen-
sional space are. The more similar they
are, the smaller their distance [8, 9]. The
intra-cluster distance within each sleep
stage corresponds to the variance of
neuronal patterns within this stage. The
inter-cluster distance between the sleep
stages corresponds to the dissimilarity of
the neuronal activity when comparing
these conditions.

Data analysis

The processed data were analyzed with
Statistica 8 (StatSoft, Inc., Tulsa, OK,
USA). For the datasets of the 31 patients
obtained before CPAP therapy, multi-
ple linear regression analyses were per-
formed with the ESS, PUI, and AHI data
and the different neuronal pattern cluster
radii and distances independently. The
results of these regression analyses are
summarized in . Table 1 and 2. Note
that in the ESS analyses no significant
correlations were found and the results
are not shown in detail. Total sleep time,
AHI, and number of epochs of each sleep
stage before and afterCPAP therapywere
analyzed with paired Wilcoxon tests in
the 18 patients for whom measurements
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Abstract
Background. Besides visual sleep stage
scoring, it is possible to separate sleep stages
by analyzing spatially distributed three-
channel electroencephalogram (EEG) root
mean square (RMS) amplitudes. This approach
allows qualitative and quantitative evaluation
of sleep architecture. The aim of this study
was to analyze the effect of apnea–hypopnea
index (AHI) and state of vigilance on the
microstructure of cortical activity during sleep
using EEG cluster analysis.
Materials and methods. In 31 obstructive
sleep apnea (OSA) patients, cortical EEG pat-
terns were recorded during polysomnography
and subjected to EEG cluster analysis. The
results were subsequently correlated to AHI
as well as to subjective (Epworth Sleepiness

Scale) and objective (pupillographic sleepi-
ness test) daytime sleepiness using linear
regression. In 18/31 patients, cortical EEG
patterns were recorded again the following
night during continuous positive airway
pressure (CPAP) titration and compared to the
results of the first night.
Results. Linear regression analyses revealed
dependencies of specific cortical EEG patterns
on AHI (intra-cluster distance of N2 [p= 0.019],
N3 [p= 0.024]; inter-cluster distance of
wake-N2 [p= 0.046], wake-N3 [p= 0.047],
N2–N3 [p= 0.021]) and on objective daytime
sleepiness (wake intra-cluster distance
[p= 0.047], inter-cluster distance of wake-N3
[p= 0.042]), but not on subjective daytime
sleepiness. Specifically, an increase in EEG

pattern variability was found in patients with
high AHI values, which could be reduced by
CPAP therapy.
Conclusion. This new approach enables
objective analysis and visualization of sleep
macro- and microstructure. The variance
of neuronal EEG signal patterns enables
conclusions on the presence of pathological
respiratory events and objectively measured
daytime sleepiness.

Keywords
Sleep apnea, obstructive · Root mean square ·
Electroencephalography · Daytime sleepiness ·
Continuous positive airway pressure

Die Mikrostruktur kortikaler Aktivität im Schlaf spiegelt respiratorische Ereignisse und den
Vigilanzzustand am Tagwider. EEG-Clusteranalyse

Zusammenfassung
Hintergrund. Neben der visuellen Schlafsta-
dienanalyse ist auch eine Unterscheidung
der Schlafstadien durch die Analyse der
räumlichen Verteilung der Effektivamplitude
im Elektroenzephalogramm (EEG) möglich.
Dies erlaubt eine qualitative sowie quan-
titative Beurteilung der Schlafarchitektur.
Ziel der Studie war es, die Auswirkungen
pathologischer respiratorischer Ereignisse
sowie der Tagesvigilanz auf die Mikrostruktur
kortikaler Aktivität im Schlaf mit der EEG-
Clusteranalyse zu untersuchen.
Material und Methode. Bei 31 Patientenmit
obstruktiver Schlafapnoe wurden kortikale
EEG-Muster polysomnografisch aufgezeichnet
und mittels EEG-Clusteranalyse ausgewertet.
Anschließend wurden die Ergebnisse

mittels linearer Regressionsanalyse mit dem
AHI (Apnoe-Hypopnoe-Index) sowie der
subjektiven (Epworth Sleepiness Scale) und
objektiven (pupillografischer Schläfrigkeits-
test) Tagesschläfrigkeit (TS) korreliert. Bei
18/31 Patientenwurden kortikale EEG-Muster
während einer CPAP-Titration („continuous
positive airway pressure“) in der Folgenacht
erneut aufgezeichnet und mit der 1. Nacht
verglichen.
Ergebnisse. Es zeigten sich Zusammenhänge
spezifischer kortikaler EEG-Muster mit dem
AHI (Intra-Cluster-Abstand N2 [p= 0,019],
N3 [p= 0,024]; Inter-Cluster-AbstandWach-
N2 [p= 0,046], Wach-N3 [p= 0,047], N2–N3
[p= 0,021]) und mit der objektiven TS
(Wach-Intra-Cluster-Abstand [p= 0,047],

Inter-Cluster-AbstandWach-N3 [p= 0,042]).
Insbesondere wurde eine Varianzzunahme
der EEG-Muster bei Patientenmit hohen AHI-
Werten festgestellt, die sich durch eine CPAP-
Therapie reduzieren ließ.
Schlussfolgerung. Dieser neue Ansatz ermög-
licht die objektive Analyse und Visualisierung
der Makro- und Mikrostruktur des Schlafs.
Basierend auf der Varianz neuronaler EEG-
Muster lassen sich somit Rückschlüsse auf
das Vorliegen pathologischer respiratorischer
Ereignisse und objektiver TS ziehen.

Schlüsselwörter
Schlafapnoe, obstruktive · Effektivamplitude ·
Elektroenzephalografie · Tagesschläfrigkeit ·
„Continuous positive airway pressure“

wereobtainedduringCPAPtitration. For
comparison of the neuronal patterns pre-
and post-CPAP therapy, we calculated
the individual change of intra- and in-
ter-cluster distances during each sleep
stage (CPAPnight valueminus untreated
night value) and the percentage of pa-
tients showing either an increase or de-
crease in these parameters.

Results

Cluster analysis and AHI in
untreated OSA

The number of nocturnal respiratory
events per hour (median AHI 19.0;
lower and upper quartiles 10.4 and 36.5)
was obtained from 31 patients with OSA
(26 male; median age 45years; median
body mass index, BMI: 27.3 kg/m2) and

correlated with the cortical EEG patterns
recorded during sleep. Five significant
positive linear correlations (. Table 1) of
sleep stage EEG patterns with the AHI
were found (N2intra, N3intra, wake–N2,
wake–N3, N2–N3) as well as three ten-
dencies for positive linear correlations
(wakeintra, wake-REM, wake–N1). These
correlations indicate that an increase in
AHI (i. e., the severity of the OSA) and
pathologically changed cortical EEG
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Fig. 18 Multiple linear correlations of pupillary unrest index (PUI) and distances (a) of thewake clus-
ter from the other sleep stage clusters, and of the PUIwith thewake cluster radius (b).Red regression
lines indicatesignificant lineardependencies, r2andp-valuesaregivenintheupperrightcornerofeach
panel. Theschematic illustration (c) showsthedefinitionof intra-and inter-clusterdistances for thedif-
ferent sleep stage clusters and theeffectof increasingPUIonclusterdistanceand radiusby red arrows.
REM rapid eyemovement, AU arbitrary units

patterns occur together. These EEG
pattern changes are most prominent in
intra- and inter-cluster distances (i. e.,
the heterogeneity within a pattern and
the dissimilarity between patterns) of
sleep stages N2 and N3 and the wake
stage.

Cluster analysis and subjective
sleepiness in untreated OSA

Subjective daytime sleepiness was ob-
tained by the ESS questionnaire in all
31 patients and correlated with the corti-
cal EEG patterns recorded during sleep.
The results of the multiple linear re-
gression analyses showed no correlation
of subjective sleepiness with any of the
recorded neuronal patterns.

Cluster analysis and objective
sleepiness in untreated OSA

Objective daytime sleepiness was mea-
sured in the form of PUI. The results
of the multiple linear regression analyses
of PUI with the cortical EEG patterns
are given in . Table 2. In two cases we
found the objective sleepiness to be sig-

nificantly negatively correlated with the
intra-cluster distance of the wake state
(wakeintra) and the inter-cluster distance
between the patterns of wake and sleep
stage N3 (wake–N3), respectively. Addi-
tionally, in two other cases we found ten-
dencies for negative linear correlations of
thePUIwiththe inter-clusterdistancebe-
tween wake and N1 (wake–N1) or wake
and N2 (wake–N2) patterns (. Fig. 1a, b;
. Table 2). In other words, a decrease in
patients’ vigilance (increased PUI) leads
to homogenization of wake stage simul-
taneously with a shift of the wake stage
towards the sleep stages N1, N2, N3, and
REM (. Fig. 1c).

Effects of CPAP therapy on cortical
EEG patterns

In 18 out of 31 patients a CPAP titra-
tion was performed during the subse-
quent night. Median total sleep time
was not changed significantly with
CPAP therapy compared to pre ther-
apy (TSTpre = 8.9h, interquartile range
[IQR] 8.3–9.7h; TSTCPAP= 8.5h, IQR
7.9–9.4h; pairedWilcoxon test, p= 0.08).
CPAP therapy significantly reduced

AHI (. Fig. 2a; paired Wilcoxon test,
p< 0.001; AHICPAP = 8.3 [4.9, 17.2])
and significantly changed the number of
wake and sleep stages (. Fig. 2b).

From the results of the AHI–EEGpat-
tern correlations we expected the patho-
logically increased intra- and inter-clus-
ter distances to be reduced back to nor-
mal when the AHI decreases (. Fig. 3).
The real effect of CPAP therapy on cor-
tical EEG patterns during the different
sleep stages is depicted in . Fig. 4. The
paired changeof themedianvalue (CPAP
night minus untreated night) of inter-
and intra-cluster distances between all
combinations of sleep and wake stages
is given in . Fig. 4a. Note that only de-
creases of inter- and intra-cluster dis-
tances were found (blue colors), and that
this was true for most sleep stage com-
binations tested. In other words, with
CPAPtherapy, corticalEEGpatternsdur-
ingsleepshowlessvariationandtherefore
a higher homogeneity. This was par-
ticularly true for the intra-cluster dis-
tances of all sleep stages which showed
reduced heterogeneity of EEG patterns
during CPAP therapy. With respect to
inter-cluster distances, EEG patterns as-
sociated with the different sleep stages
became less different during CPAP ther-
apy as well.

. Fig. 4b gives the percentage of pa-
tients showing a decrease in the corti-
cal EEG patterns. Most patients (up to
80%) showed a decrease in inter- and in-
tra-cluster distance in N1intra, REM–N1,
REM–N2, and N1–N2. Taken together,
these data show, that CPAP therapy not
only has a positive effect on breathing
butalsoaffectsbrainactivityduring sleep.
The cortical EEG patterns during the dif-
ferent sleep stages become more homo-
geneous already during the first night of
therapy, thereby presumably resembling
the EEG patterns of healthy subjects.

Discussion

As has already been shown previously,
it is possible to discriminate sleep stages
solely on the basis of spatially distributed
corticalactivitypatternsbymeansofRMS
amplitudes [9]. However, the potential of
this methodology goes beyond the pos-
sibility of isolated sleep stage analysis. In
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addition to statements on qualitative as
well as quantitative aspects of sleep ar-
chitecture, these differences can now be
objectively analyzed with the help of so-
called multidimensional cluster statistics
(MSC; [8]). Graphic representation of
the individual sleep stages in the form
of clusters (measure of the similarity/
dissimilarity of cortical signal patterns)
also enables a novel form of visualiza-
tion of sleep architecture including the
microstructure of sleep. The size of a re-
spective cluster (intra-cluster radius) rep-
resents the similarity/dissimilarity (ho-
mogeneity or heterogeneity) of the cor-
tical patterns associatedwith a particular
sleep stage. The position of the individ-
ual clusters relative to one another (inter-
cluster distance) describes the similarity/
dissimilarity of the cortical patterns be-
tween the individual sleep stages.

In addition, the clusters (intra-cluster
radius and inter-cluster distance) of the
sleep stages N2 and N3 can be used indi-
rectly to draw conclusions about respira-
tory events (in the form of the AHI).The
higher and thus more pathological the
AHI becomes, the more different (inter-
clusterdistance)andnon-uniform(intra-
cluster distance) become the clusters of
the sleep stagesN2andN3(see. Table1).
The intra- and inter-cluster distances of
N2 and N3 can thus be used as an indi-
rectmeasure of the severityof obstructive
sleep apnea. In turn, however, it can also
be shown that the use of CPAP signifi-
cantly changes neural EEG patterns and
thus obviously homogenizes sleep mi-
crostructure. However, this homogeniz-
ing effect has currentlyonlybeendemon-
strated for the CPAP titration night.

In addition, with the aid of this novel
method, statements can be made about
frequently accompanying daytime symp-
toms—at least with regard to objective
daytime sleepiness in the form of (tonic)
central nervous activation. The lower the
central nervous activation (in the sense of
a pathologically increased PUI) the more
similar becomes the cortical EEGpattern
of the wakefulness (in the directly pre-
ceding PSG measurement) to sleep stage
patternsofN1,N2, andN3. Despite some
underlying logic, this causal link needs
to be further explored in the future.

Hier steht eine Anzeige.
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Fig. 29 Change of
apnea-hypopnea
index (AHI; a) and
numberofepochs in
each sleep stage (b)
before (untreated)
andduring contin-
uous positive air-
way pressure (CPAP)
therapy in 18 pa-
tients

Fig. 48 aChange of intra-cluster distancesof cortical EEGpatterns (diagonal,markedbyblack boxes)
and inter-cluster distances betweeneach sleep stage (CPAPnightminus untreated night); bluecolors
indicate a reduction and red colors indicate an increase indistance during CPAP,b Percentage of pa-
tients showing a decrease in cortical EEGpattern distance.CPAP continuous positive airway pressure,
EEG electroencephalogram, REM rapid eyemovement

The fact that the subjective sleepiness
in the form of the ESS does not correlate
with cortical EEG patterns seems unsur-
prising. The general data on the associ-
ation of ESS with objectively measured
daytime sleepiness are still largely incon-
sistent in the literature [20]. While the
ESS refers to a longer period before the
questionnaire survey, the neuronal EEG
patterns represent only a snapshot of an
isolated PSG night. In addition, a diver-
gencebetweensubjectivelypercievedand
objectively measured sleepiness is often
observed, not least because of the diverse
vocabulary for the feeling of drowsiness
(sleepiness, tiredness, unrested, drowsi-
ness, fatigue, etc.) [6, 20].

Conclusion

In addition to the possibility of an ob-
jective evaluation, this novel methodol-
ogy also enables visualization of sleep
macro- and microstructure. In addition,
the variance of neuronal EEG signaling

patterns can be used to draw conclu-
sions about the presence of pathological
respiratory events. Furthermore, a cor-
relation between nocturnal cortical EEG
patterns and objectively measured vigi-
lance (tonic central nervous activation)
can be established to analyze excessive
daytime sleepiness. With the help of this
novel approach, a variety of other future
applications also arise. A fully automated
and objective method of sleep stage clas-
sificationwithmuchhigher temporal res-
olution without relying on discrete 30 s
epochs could enable an adaptive scoring
system.
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Fachnachrichten

Ärzte als Freiwild für Aggressionen?

Die KV Hessen hat Ärzte und Praxispersonal im Bereitschaftsdienst nach
Erfahrungen mit Gewalt und Aggressionen durch Patienten gefragt. Der KV-
Vorstand zeigt sich geschockt vom Ergebnis.

Zwei Drittel der im Ärztlichen Bereitschafts-

dienst (ÄBD) tätigen Ärzte in Hessen haben

während ihrer Dienstzeit bereits verbale
Gewalt erlebt, jeder Vierte berichtet sogar

von körperlichen Attacken, wie aus einer
Umfrage der KV Hessen hervorgeht. Beim

nichtärztlichen Personal sind es sogar 85%

der Befragten, die im Bereitschaftsdienst be-
schimpft oder beleidigt wurden, und 11%,

die körperliche Gewalt erfuhren.

Ärzte und Praxispersonal betroffen

Angeregt durch eine Anfrage der „Ärzte Zei-

tung“, hat die KV insgesamt 30 im ÄBD tätige

Ärzte und 70 Angehörige des nichtärztlichen
Personals nach ihren Gewalterfahrungen

in den vergangenen Jahren befragt. 57%

der Ärzte gaben an, in einer ÄBD-Zentrale
schon einmal verbale Gewalt erlebt zu ha-

ben, knapp 11% zusätzlich am Telefon. Die
weitaus meisten berichten von Aggressivi-

tät der Patienten (95%) und Beleidigungen

(84%). Zwei Drittel der Bereitschaftsärzte
(68%) sind sogar schon bedroht worden, und

ein Viertel (25%) gab an, im Rahmen ihrer Tä-

tigkeit auch schon körperliche Gewalt erlebt
zu haben.

Probleme auch auf dem Land

Die Ergebnisse der Umfrage hätten ihn er-
schreckt, sagt Dr. Eckhard Starke, stellvertre-

tender Vorstandsvorsitzender der KV Hes-

sen. Erstaunt habe ihn überdies, dass Ärzte
inzwischen genauso häufig Opfer von Ge-

walt werden wie ihre Helfer, bei denen die
Patienten früher Luft abgelassen hätten. Tat-

sächlich decken sich die Erfahrungen von

Ärzten und nichtärztlichemPersonal im ÄBD
weitgehend, wobei letztere etwas häufiger

von verbaler Gewalt betroffen sind als Ärzte

und etwas seltener von körperlicher Gewalt.
Beim Personal wurde auch nach den Be-

wältigungsstrategiengefragt. Die Hälfte der
Betroffenen versucht danach, allein mit den

Aggressionen, Beleidigungen und Bedrohun-

gen durch ihre Patienten klar zu kommen,
25% suchen das Gesprächmit Kollegen,

Freunden und Verwandten, gut 12% reden

darüber mit ihren Vorgesetzten.

Die weitaus meisten Teilnehmer der KV-
Umfrage (93% der Ärzte, 96% des nichtärztli-

chenPersonals) habendasGefühl, dass die im
Ärztlichen Bereitschaftsdienst zu spürende

Gewalt – sowohl verbal als auch körperlich –

in den letzten Jahren zugenommen hat. Und
das nicht nur in den großen Städten, son-

dern auch in Kleinstädten und Gemeinden,

in denen etwa die Hälfte der Befragten ihren
Dienst versehen.

Einen Grund für die Zunahme der Gewalt
im ÄBD sieht Starke in einer gesteigerten

Anspruchs- und Erwartungshaltung. Jene

werde von Politikern zum Teil noch geschürt.
„Wenn es zum Beispiel heißt, jedem Bürger

steht ein schneller Termin zu, interpretieren

das viele Patienten so, als hätten sie ein
Recht darauf. Dann kommen sie in die Praxis,

fordern ihr Recht ein und werden aggressiv,
wenn sie am Ende doch wartenmüssen.“

Einrichtung einer Meldestelle

Die Landesärztekammer Hessen will eine

Meldestelle für Gewalttaten an medizini-
schem Personal einrichten, um die tatsäch-

liche Zahl der Delikte dauerhaft zu erfas-
sen. Zudem fordert sie, Gewalt gegen Ärzte

künftig unter den Straftatbestand „Tätlicher

Angriff auf Vollstreckungsbeamte“ (Paragraf
115 Strafgesetzbuch) zu stellen. Durch eine

Änderung des Strafgesetzbuchs haben seit

April 2018 tätliche Angriffe auf Polizisten,
Feuerwehrleute und Rettungsdienstmitar-

beiter ein höheres Strafmaß erhalten – Ärzte
sind davon nicht erfasst.

Tatsächlichwird von Ärzten derzeit nur jeder

vierte Angriff angezeigt, wie der Ärztemo-
nitor 2018 von KBV und NAV-Virchow-Bund

ergab. Darin äußerte jeder vierte Arzt, im

Laufe seines Berufslebens schon einmal kör-
perliche Gewalt erfahren zu haben. Doch die

Befragung hielt auch eine gute Botschaft
bereit: 91 Prozent der Ärzte und Psychothe-

rapeuten sind mit ihrer Arbeit zufrieden.

Quelle: Ärzte Zeitung
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