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Abstract

Introduction. The Narcotrend™ is a new
EEG monitor designed to measure the depth
of anaesthesia based on a 6-letter classifica-
tion from A (awake) to F (general anaesthesia
with increasing burst suppression) and di-
vided into 14 substages (A, By, Co_2, Do,
Eo 1, Fo,1). This study was designed to investi-
gate the assessment of the depth of anaes-
thesia as measured by the Narcotrend in
comparison with bispectral index monitoring
(BIS™).

Methods. Both BIS and Narcotrend EEG
electrodes were positioned on the patient’s
forehead as recommended by the manufac-
turers. All patients were premedicated with
diazepam 0.15 mg/kg orally in the evening
and on the morning before surgery.Induc-
tion of anaesthesia was started with a remi-
fentanil infusion at 0.4 pg/kg/min; 5 min
later propofol was given for hypnosis using
a target-controlled infusion initially started
at 3.5 pug/ml. After loss of consciousness
patients received 1.2 mg/kg of suxametho-
nium.Immediately after intubation, remifen-
tanil was reduced to 0.2 pg/kg/min, and the
depth of anaesthesia was adjusted according
to clinical needs by regulating the propofol
target-controlled-infusion. BIS values and
Narcotrend stages were recorded as data
pairs in intervals of 1 min during anaesthetic
induction and emergence, and in intervals of
5 min during maintenance of anaesthesia.
Results. Fifty patients undergoing ortho-
paedic surgery were studied and 2031 data
pairs were obtained. An increasing depth of
anaesthesia as indicated by the Narcotrend
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during propofol-remifentanil-anaesthesia

was associated with significantly lower
mean BIS values. With BIS values between
100 and 85 (representing awake patients),
95.5% of all data pairs indicated a Narcotrend
stage A or B.In case the BIS was found to be
65-40 (representing general anaesthesia)
the corresponding Narcotrend stages were
measured as D (52.4%) or E (41.1%).No pa-
tient complained of intraoperative recall
when interviewed on the 15tand 3 post-
operative day.

Conclusions. We could demonstrate that an
increase of the hypnotic component of an-
aesthesia as indicated by BIS is accompanied
by corresponding effects as displayed by the
Narcotrend during propofol-remifentanil an-
aesthesia.The Narcotrend stages D or E are
assumed equivalent to BIS values between 64
and 40 indicating general anaesthesia.

Keywords

Electroencephalogram - Narcotrend -
Bispectral index scale - Remifentanil - Propofol

M easuring the “depth of anaesthesia”
has been of interest since professionals
started to deliver anaesthetics. Many in-
vestigations [e.g.11] have focused on the
raw electroencephalogram (EEG), how-
ever, derived parameters were neither
feasible nor available at the bedside un-
til the introduction of modern compu-
ter technology. Recently, bispectral index

monitoring (BIS™, Aspect Medical Sys-
tems, Natick, MA) was introduced into
clinical practice and approved by the
U.S.Food and Drug Administration. The
bispectral index is an arbitrary scale
from 100 (awake patient) to o (no corti-
cal activity) [5]. Meanwhile, a huge body
of evidence suggests that BIS monitor-
ing may help to assess the hypnotic com-
ponent of anaesthesia, reduce drug con-
sumption [10] and shorten recovery
times [2].

The Narcotrend™ (MonitorTech-
nik, Bad Bramstedt, Germany), another
EEG monitor designed to measure the
depth of anaesthesia, has been commer-
cially available in Europe since 2000.
The Narcotrend was developed by an-
aesthesiologists and engineers at the
University Medical School of Hannover,
Germany and, like the BIS, includes a
computerised analysis of the raw EEG.
In brief, two commercially available
electrodes are placed on the forehead of
the patient, a third electrode serves as a
reference (see Fig.1). After artefact ana-
lysis a multivariate statistical algorithm
transforms the raw EEG data finally re-
sulting in a 6-letter classification of the
depth of anaesthesia as follows:
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Der Narcotrend™ - ein neuer EEG-Moni-
tor zur Uberwachung des Narkose-EEG.
Ein Vergleich mit der Bispektralanalyse
bei Allgemeinanésthesie mit Propofol
und Remifentanil

Zusammenfassung

Der Narcotrend® (MonitorTechnik, Bad
Bramstedot) ist ein neuer EEG-Monitor, der
das Narkose-EEG automatisiert anhand einer
Stufen-Klassifikation analysiert und eine Ein-
teilung in Narkosestadien (A, By_3, Co—2, Do-2,
Eo_1, Fo_1) vornimmt.Im Gegensatz zur Bi-
spektralanalyse (BIS®, Aspect Medical Sys-
tems, Natick, USA) ist eine klinische Validie-
rung dieses Systems bisher nicht erfolgt.In
der vorliegenden Untersuchung sollte daher
das Narkose-EEG von Patienten in Allge-
meinandsthesie zeitgleich durch Narcotrend
und BIS interpretiert und die Messergebnis-
se verglichen werden.

Methodik. Bei 50 orthopddischen Patienten
wurden die EEG-Messelektroden fiir BIS und
Narcotrend nach Herstellerangaben auf der
haarfreien Haut der Stirn platziert. Nach
oraler Pramedikation mit 0,15 mg/kg Diaze-
pam abends und morgens vor der Operation
wurde Remifentanil mit 0,4 pg/kg/min tiber
5 min infundiert; anschlieBend erfolgte die
Andsthesieeinleitung mit Propofol als Tar-
get-Controlled-Infusion (TCI) mit einer Start-
konzentration von 3,5 pug/ml.Nach Relaxie-
rung mit 1,2 mg/kg Succinylcholin und oro-
trachealer Intubation wurde die Remifenta-
nil-Infusion auf 0,2 pg/kg/min reduziert und
blieb im weiteren Verlauf unverdandert; die
Propofol-Dosierung wurde anhand klini-
scher Kriterien gesteuert. Die Messwerte von
BIS und

Narcotrend wurden wahrend Andsthesie-
einleitung und -ausleitung 1-miniitlich, an-
sonsten in 5-min-Intervallen als Datenpaare
registriert und anschlieBend statistisch aus-
gewertet.

Ergebnisse. Insgesamt wurden 2031 Daten-
paare bei 50 Patienten im Alter von 51+16
Jahren erfasst. Dabei zeigte sich, dass eine
vom Narcotrend angezeigte Vertiefung des
Narkose-EEG gleichzeitig mit einem signi-
fikanten Abfall des BIS-Werts einherging.
Umgekehrt entsprach ein BIS-Wert von
100-85 (wacher Patient) in 95,5% der Nar-
cotrend-Stufe A oder B, ein BIS-Wert von
65-40 (Allgemeinandsthesie) der Narcotrend-
Stufe D (52,4%) oder E (41,1%). Intraoperative
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Originalien

Wachheit wurde bei Nachbefragung am 1.
und 3. postoperativen Tag nicht berichtet.
Schlussfolgerungen. Veranderungen des
Narkose-EEG bei Allgemeinandsthesie mit
Propofol und Remifentanil werden von BIS
und Narcotrend gleichsinnig erfasst und
interpretiert. Unter diesen Bedingungen
entspricht ein BIS-Wert von 64—40 der Nar-
cotrend-Stufe D oder E.

Schliisselworter

Elektroenzephalogramm - Narcotrend -
Bispektralanalyse - Remifentanil - Propofol

« A (awake),

« B (sedated),

+ C (light anaesthesia),

+ D (general anaesthesia),

+ E (general anaesthesia with deep
hypnosis),

+ F (general anaesthesia with increasing
burst suppression).

This classification was originally de-
scribed in 1981 by Kugler [7] and in-
cludes 14 substages (A, B,_,, Co-2, Do_s»
Eo» Fo,1). The results of the Narcotrend

analysis are displayed on a personal
computer monitor including the indi-
vidual substage of anaesthesia and ad-
ditional information (e.g. raw EEG, me-
dian frequency, spectral edge frequency
90%, trend analysis; see Fig. 2). Markers
help to identify and document specific
situations, e.g. intubation or start of sur-
gery, a hardcopy and a report function
may be used for documentation purpo-
ses. This study was designed to investi-
gate the assessment of the depth of an-
aesthesia as measured by the Narco-
trend in comparison with BIS monitor-
ing using a standardised propofol-re-
mifentanil anaesthetic technique.

Methods

With institutional review board approval
and written informed consent, 50 adult
patients undergoing orthopaedic sur-
gery were studied. Exclusion criteria
were a history of central nervous or ce-
rebrovascular diseases. All patients were
premedicated with diazepam 0.15 mg/kg
orally in the evening and on the mor-
ning before surgery. In the operating
room an intravenous catheter was in-
serted into a larger forearm vein and

Fig.1 A BIS sensor™ and Narcotrend™ electrodes as positioned for our investigation according to the
manufacturers’ recommendations. Please note that all electrodes were positioned to predominantly
monitor the left (dominant) hemisphere in right-handed patients. The Narcotrend™ electrodes

#1 and #2 are placed on the forehead with a minimum distance of 8 cm, #3 indicates the reference
electrode which is positioned laterally of electrode #1
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Fig.2 A Hardcopy of the Narcotrend monitor display (version 2.0 AF, MT MonitorTechnik,
Bad Bramstedt, Germany), (7) raw EEG, (2) spectral parameters, (3) Narcotrend stage, (4) trend

display of Narcotrend stages

standard monitors were applied. The
EEG was recorded continuously using
an Aspect A-2000 BIS monitor (software
version 3.0) and a Narcotrend (software
version 2.0 AF). After the skin of the
forehead had been degreased with 70%
isopropanol, both the BIS (BIS sensor™)
and the Narcotrend (Blue sensor™,
Medicotest, Olstykke, Denmark) elec-
trodes were positioned as recommend-
ed by the manufacturers. For the Narco-
trend two commercially available elec-
trodes were placed on the forehead with
a minimum distance of 8 cm, a third
was positioned laterally serving as a
reference electrode (Fig. 1). Finally,
impedances were measured for each
set of electrodes to ensure optimal elec-
trode contact defined as =6 kQ [9]
for the Narcotrend and <7.5 kQ for the
BIS [8].

While oxygen was given via a face
mask at 10 I/min for preoxygenation, in-
duction of anaesthesia was started with
aremifentanil infusion at 0.4 pg/kg/min.
After 5 min propofol was given for hyp-
nosis using a target-controlled infusion
(Diprifusor, AstraZeneca, Wedel, Ger-
many) initially started at 3.5 pg/ml. Af-
ter loss of consciousness face mask ven-
tilation was initiated with pure oxygen,
patients received 1.2 mg/kg of suxame-
thonium, the trachea was intubated 60 s
later and the lungs were ventilated to an
end-tidal carbon dioxide concentration

of 35 mmHg. Immediately after intuba-
tion, remifentanil was reduced to 0.2
pg/kg/min and remained unchanged
throughout the further course of sur-
gery. The depth of anaesthesia was
adjusted according to clinical needs
by regulating the propofol target-
controlled infusion.

BIS values and Narcotrend levels
were continuously recorded as data
pairs at intervals of 1 min during induc-
tion of anaesthesia, at intervals of 5 min
during maintenance of anaesthesia and
at intervals of 1 min during emergence
from anaesthesia until the patient’s
trachea was extubated.

Finally, all patients were visited in
the postanaesthesia care unit and on the
1*t and 3" post-operative day and inter-
viewed about intraoperative recall.

Statistics

Statistical analysis was performed by
one-way analysis of variance on ranks
(ANOVA on ranks) and Student-New-
man-Keuls test for pairwise compari-
sons. Statistical significance was defined
as P<o.05 and data are presented as
mean and standard deviation (SD). Sta-
tistical analysis was planned and per-
formed in collaboration with a statisti-
cian from the Institute of Medical Bio-
metrics, Epidemiology and Informatics,
University of Saarland, using SigmaStat

2.03 and SigmaPlot 6.00 computer soft-
ware (SPSS GmbH, Erkrath).

Results

Fifty patients were studied and demo-
graphic data are displayed in Table 1.
Problems with skin adherence of
the electrodes were not observed
and none of the electrodes became de-
tached.

During the study period a total of
2031 data pairs was obtained consisting
of a Narcotrend substage and the corres-
ponding BIS value. In general, an in-
creasing depth of anaesthesia as indicat-
ed by the Narcotrend substage was
associated with lower mean BIS values
(Fig.3).In particular, corresponding BIS
values of each Narcotrend substage were
significantly lower when compared to
the BIS values of the preceeding Narco-
trend substage with the exception of a
comparison of B, to C,.

In addition, data pairs were
grouped according to the bispectral in-
dex scale (Table 2). When BIS values
were measured between 100 and 85
(representing an awake patient [5]),
95.5% of all data pairs indicated a Nar-
cotrend stage A or B. In cases where the
BIS was found to be 64-40 (represent-
ing general anaesthesia [5]) the corre-
sponding Narcotrend stages were pre-
dominantly measured as D (52.4%) or E
(411%).

With both monitors data pairs were
identified that indicated sufficient an-
aesthesia in one but insufficient/light
anaesthesia in the other monitor: In 71
data pairs a BIS value below 65 was ac-
companied with Narcotrend stages B
and C, whereas in 60 data pairs a Nar-
cotrend stage of D or E was paralleled
by BIS values of 65 or above. However,
no patient complained of intraopera-
tive recall.

Table 1

Demographic data

No. of patients 50

Age (years) 51+16
Weight [kq] 8014
Sex (male/female) 27/23
ASA physical status I, 11, 111 10,31,9

Values are number of patients or mean +SD.
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Fig.3 A Narcotrend™ stages and corresponding BIS values as measured during a propofol-remifentanil-
anaestheticin 50 patients undergoing orthopaedic surgery. A total of 2031 data pairs were obtained.
Data are presented as mean +SD; the number of data pairs to describe the individual Narcotrend
substage is indicated below the error bars. BIS values obtained during the different Narcotrend
substages were compared by one-way ANOVA on ranks and Student-Newman-Keuls test for pairwise
comparisons. The asterisk (*) indicates that BIS values of an individual Narcotrend substage are
significantly different with P<0.05 when compared to the BIS values of the preceeding Narcotrend

substage

Discussion

Currently, an increasing number of
monitors built to determine anaesthetic
depth is introduced into clinical prac-
tice. Evaluation of these monitors im-
plies many difficulties and is associated
with the need to measure surrogate pa-
rameters, e.g. clinical endpoints such as
loss of consciousness [2], reduction of
recovery times [2] or drug consumption
[10]. Meanwhile, the bispectral index
scale has been studied in a large number
of investigations [3, 6] and must now be
considered as the main competitor for
all new devices developed in this field.
The Narcotrend is a new EEG moni-
tor, commercially available in Europe
since 2000 and based upon a 6-letter
classification of the depth of anaesthe-
sia from A (awake) to F (general anaes-
thesia with increasing burst suppres-
sion) [7]. The results of the present study
indicate that increasing depth of anaes-
thesia as measured by the BIS is accom-
panied by a corresponding effect as dis-
played by the Narcotrend stages. In de-
tail, during general anaesthesia with BIS
values between 64 and 40, the corres-
ponding Narcotrend stages will be D or
E in 93.5% of the cases. In addition, we
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were able to demonstrate that even
changes of one Narcotrend substage
(e.g.from C, to D,)) were associated with
a significant reduction of the corres-
ponding mean BIS value.

Some concern may arise with the
finding that with both monitors data
pairs were identified that indicated suf-
ficient anaesthesia in one but insuffi-
cient/light anaesthesia in the other mon-
itor. This is another important second-
ary result of the present study and war-
rants further investigations on sensitivi-
ty and specificity of the displayed moni-
tor results. None of our patients com-
plained of intraoperative recall. How-
ever, missing recall must be discussed

Table 2
Groups of BIS values

cautiously as it may not rule out intra-
operative awareness, especially in pa-
tients with benzodiazepine premedica-
tion.

Furthermore, it must be highlight-
ed that the above comparison of Narco-
trend and BIS values only applies to pa-
tients receiving a propofol-remifentanil-
anaesthetic after premedication with
diazepam and may not be transferred to
inhalational agents. In addition, the rela-
tive contribution of propofol, remifen-
tanil or diazepam to the observed
changes cannot be determined with this
investigation. For bispectral index moni-
toring, contradictory results were repor-
ted in the literature: Finianos and col-
leagues [1] demonstrated that remifent-
anil does not affect the bispectral index
or the relationship between propofol
and BIS at induction of anaesthesia,
whereas Guignard and co-workers [4]
concluded that the addition of remifen-
tanil to propofol may affect BIS values if
a painful stimulus is applied. Whether or
not remifentanil will influence the moni-
toring of the depth of anaesthesia, it was
infused at a constant rate of 0.2 ug/kg/
min intraoperatively in the present in-
vestigation and one may at least con-
clude that no alterations in remifentanil
infusion rate have influenced the rela-
tionship of BIS and corresponding Nar-
cotrend results.

In conclusion, this is the first in-
vestigation evaluating the Narcotrend
system, a new EEG device designed to
measure the depth of anaesthesia, in
comparison to bispectral index moni-
toring. We could demonstrate that
with propofol-remifentanil, an increasing
depth of anaesthesia as indicated by BIS
is accompanied by corresponding effects
as displayed by the Narcotrend. Further-
more, within the Narcotrend classifica-
tion of A-F, the stages D or E are as-

n BIS Narcotrend™ [n (%)]
A B D E F
66 100-85 43(65.2) 20(30.3) 2(3.0) 1(1.5) 0 0
138 84-65 4(29) 42(304) 33(23.9 47 (34.1) 12(8.7) 0
1160 64-40 0 7(0.6) 63(5.4) 608 (52.4) 477 (41.1) 5(0.4)
668 <40 0 0 1(0.1) 191(28.6) 361(54.00) 115(17.2)



sumed to be equivalent to BIS values be-
tween 64 and 4o indicating general an-
aesthesia. Further studies are warranted
to investigate whether Narcotrend mo-
nitoring will affect clinical endpoints
and may be applicable to inhalational
anaesthetics as demonstrated for the
BIS.
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Buchbesprechung

C.Byhahn, V. Lischke, K. Westphal (Hrsg.)
Tracheotomie

Darmstadt: Steinkopff, 2000. 144 S., 23 farb.
Abb., (ISBN 3-7985-1215-9), geb., DM 98,—

Das vorliegende Fachbuch be-
schreibt ausfiihrlich illustriert
und gut gegliedert alle zur
Zeit gdngigen Techniken der
Tracheotomie. Die einzelnen
Kapitel umfassen Themenbe-
reiche wie historische Ent-
wicklung, Anatomie, Indikati-
on und Zeitpunkt der Tra-
cheotomie, Techniken und
Komplikationen der perku-
tanen Tracheotomie auch
bei typischen intensivmedizinischen Problemen
wie respiratorischer Insuffizienz und Gerinnungs-
stérungen. In dem Fachbuch sind ebenso die Sicht
der Hals-, Nasen- Ohrenheilkunde, des Chirurgen,
des Padiaters, des Kiefer- und Gesichtschirurgen
sowie des pneumologisch-internistischen Inten-
sivmediziners aufgenommen worden. Auerdem
werden in einem gesonderten Kapitel die Nottra-
cheotomie, Notkoniotomie und Notfalle bei Tra-
cheostomietrdgern beschrieben.

Der Schwerpunkt des Buches liegt sicherlich
in der schnellen und ibersichtlichen Orientierung
in der sich der Assistenzarzt und Facharzt einen

Tracheotomie

b o
B Y

Uberblick iiber das jeweilige operative Vorgehen
machen konnen. Dabei wird grosser Wert auf die
einzelnen operativen Schritte gelegt, die nicht nur
detailliert beschrieben, sondern auch durch eine
groBRziigige lllustration eindringlich veranschau-
licht werden. Komplikationsmdglichkeiten bei
den jeweiligen Verfahren werden durch
tibersichtliche Tabellen vermittelt. Ebenso
geben die Autoren im Text Tipps und Tricks
gewisse Komplikationen zu verringern
oder gar zu vermeiden. Die beschriebenen
Verfahren kénnen prinzipiell bettseitig auf
der Intensivtherapiestation vom Intensiv-
mediziner durchgefiihrt werden. Dadurch
entfallen lange und personalaufwendige
Transporte der meist kritisch kranken Pa-
tienten.

Die Gliederung der einzelnen Kapitel
und das gut aufgebaute alphabetische Register
ermdglichen dem Leser ein rasches Nachschla-
gen.

Dieses Buch stellt nicht nur fiir den sich in
Ausbildung befindlichen Arzt, sondern auch fiir
den Intensivmediziner ein wertvolles Nachschla-
gewerk dar.Den Herausgebern ist es gelungen
Theorie und Praxis so zu verkniipfen, dass sich der
Leser in diese faszinierende und aktuelle Thema-
tik nach neuestem Kenntnisstand einarbeiten
kann.

T.Mollhoff (Miinster)
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