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Abstract

Background: The SEDLine™ monitor derived patient state index (PSI) is used to follow the depth of sedation. The
demand for propofol sedation by anesthesiologists or non-anesthesiologists is increasing, and there are only a few stud-
ies addressing the relationship between PSI and propofol sedation. We aimed to investigate the ability of PSI index to
identify the correct level of sedation of our patients during induction to anesthesia with target-controlled infusions of
propofol.

Methods: Twenty patients were enrolled in this study. The target effect site concentration of propofol was set at 1.5 ug/
ml followed by increments of 0.5 pug/ml every five minutes. The PSI values and Modified Observer’s Assessment of
Alertness/Sedation (MOAA/S) scale were recorded every twenty-five seconds during the infusion of propofol. Patients
were considered losing verbal responsiveness at MOAA/S scale < 2. Also, blood pressure, heart rate, and oxygen satura-
tion were recorded every five minutes.

Results: The PSI values corresponding to the sedation of various depths (MOAA/S scales) and alertness with verbal
response were significantly different (p <0.001). We observed a good correlation of the PSI values to the decreasing
MOAA/S scale (r =0.87667).

Conclusions: The PSI index is well correlated with MOAA/S scale and effectively distinguishes the level of sedation
during propofol infusion. Hippokratia 2015; 19 (3): 235-238.
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Introduction

The SEDLine™ (Masimo Corporation, Irvine, CA,
USA) monitor is a four-channel processed electroen-
cephalographic (EEG) monitor designed for intraopera-
tive or intensive care use. The SEDLine™ uses a propri-

anesthesia, or nitrous oxide/narcotics anesthesia'. More
than 88% of patients undergoing routine colonoscopy
procedures under propofol sedation with a bolus tech-
nique are driven to deep levels of sedation or general
anesthesia and are subsequently at risk for respiratory

etary algorithm to analyze the raw EEG signal and dis-
plays the Patient State Index (PSI) values. The real-time
computations of the PSI index are considered adequately
competent to predict the depth of sedation during general
anesthesia with various anesthetics regimens'.

The PSI monitor was launched in 2001 by PSA 4000
(Physiometrix, Inc., North Billerica, MA, USA) and
SEDLine™ is the newest generation device. There are
only a few studies examining the PSI in the clinical con-
text. Although the PSI is less familiar to anesthesiologists
than the Bispectral Index (BIS), Chen et al and White et
al concluded that PSI is a suitable and cost-effective alter-
native to the BIS for evaluating consciousness during the
induction of and emergence from general anesthesia®®.

The performance of the PSI has been evaluated and
found adequately concordant to the state of the patient
under general inhalational anesthesia, total intravenous

depression, airway obstruction, and hemodynamic com-
promise*. As the demand for propofol sedation services
is ever increasing, we were interested in whether the
SEDLine™ monitor is reliable in reflecting changes in
our patient’s sedation status during escalating propofol
concentrations.

The goal of this study was to investigate the ability of
PSI to reflect the level of sedation during target-control-
led propofol infusions.

Materials and Methods

This study was approved by the Institutional Review
Board of Haeundae Paik Hospital (27-8-2013, 2013-063)
and written informed consent was acquired from all study
participants. Twenty patients, aged 18-55 years were en-
rolled in this study. Inclusion criteria were an American
Society of Anesthesiologists physical status classification



236 LEE KH

I-1I for subjects undergoing elective orthopedic surgery
under general anesthesia. Exclusion criteria were cardiac,
pulmonary, renal or liver disease, and a previous allergic
reaction to propofol. Patients with a history of long-term
use of alcohol and those receiving medications acting on
the central nervous system, such as benzodiazepines, opi-
ates, or anti-depressants were excluded.

No premedication and opioids before induction to an-
esthesia were administered. All patients were monitored
with electrocardiogram, non-invasive blood pressure (BP)
measurements, and pulse oximetry. The forehead skin was
prepared with alcohol to ensure low impedance (<10 kQ)
and good EEG signal quality. When the SEDLine™ sensor
was attached, patients were instructed to close their eyes
and relax their face. After obtaining a baseline reading from
the Masimo monitor, patients were induced to anesthesia
with a target controlled infusion of 2% propofol (Fresofol
MCT 2% Inj.; Fresenius Kabi Austria GmbH, Graz, Aus-
tria). Propofol was administered according to the Schnider
and colleagues model using an infusion pump (Orchestra®
Base Primea, Fresenius Vial, Brezins, France)>®. The initial
effect site concentration (Ce) of propofol was set to 1.5 pg/
ml and it was increased by 0.5 pg/ml at five-minute inter-
vals. During propofol infusion, Modified Observer’s As-
sessment of Alertness/Sedation (MOAA/S) scale and PSI
index values were recorded every twenty-five seconds.
The assessment of MOAA/S scale was performed by one
anesthesiologist who was blinded to the reading of PSI in-
dices and the propofol pump settings. We defined the loss
of verbal response according to the MOAA/S scales at val-
ues <2 (0-2) and presence of verbal response at values >3
(3-5). Mean BP, heart rate and oxygen saturation were also
recorded at five-minute intervals. Hypotension and brady-
cardia (a 20% decrease from baseline) could be treated
with ephedrine, phenylephrine, or atropine. Patients were
encouraged to breathe deeply or were supported by manual
bag ventilation if hemoglobin desaturation (SpO2 < 95%)
was observed. The recording of data was concluded when
MOAA/S scale reached 0. Then an intravenous dose of 0.6
mg/kg of rocuronium bromide was injected to the patients
to facilitate airway management, and surgery started.

According to a previous study, a Spearman correla-
tion coefficient between total intravenous anesthesia and
arousal score was assumed to be 0.805'. Based on the in-
ternet site (http://department.obg.cuhk.edu.hk/research-
support/Sample_size Correlation.asp), a sample size of
20 was calculated to obtain a power of 99%, alpha of 0.05
and 10% of drop-out rate.

The ability of PSI to discriminate between the dif-

ferent levels of sedation corresponding to the MOAA/S
scale was analyzed by Wilcoxon rank sum test and
Kruskal-Wallis test. The correlation of the PSI value to
the MOAA/S scale was determined by the Spearman test.
p value <0.05 was considered statistically significant.

Table 1: Baseline characteristics of the twenty patients en-
rolled in this study investigating the ability of Patient State
Index to identify the correct level of sedation during induction
to anesthesia with target-controlled infusions of propofol.

Parameters Value

Male / Female, n (%) 11 (55%) /9 (45%)
ASA classification (1-5) (%) 1 (100%)

Age (years) 43.4+£9.9
Height (cm) 163.6 £8.8
Weight (kg) 66.4+12.8

Values are presented as number (n) of patients, percentages (%) of
patients, and mean + standard deviation. ASA: American Society of
Anesthesiologists physical status.

The statistical analysis were performed by SAS 9.3 (SAS
Institute Inc., USA) and R 3.0.0 (The R Foundation for
Statistical Computing, Austria).

Results

Eighteen patients completed the full protocol, and
two patients were excluded because they kept their face
grimace. The demographic characteristics of the patients
are presented in Table 1.

The median values of the PSI corresponding to
MOAA/S scales of 0, 1, 2, 3, 4 and 5 were significantly
different (p <0.001) (Table 2). Also, the median (range)
values of the PSI corresponding to loss of verbal response
and presence of verbal response were 33 (22-49) and
65.5 (29-90), respectively (p <0.001).

We observed a reduction of the PSI value that cor-
related with the MOAA/S scale. The changes of the PSI
values showed a highly significant correlation to the
changes in the MOAA/S scale (»r =0.87667, p <0.001)
(Figure 1). Receiver operating characteristic (ROC)
curve analysis used to evaluate the cutoff PSI value for
predicting MOAA/S scale of 2 (Figure 2) calculated the
cutoff PSI value of 58 (sensitivity of 96%, specificity of
84% and area under the curve of 0.97).

There were no complications such as hemoglobin de-
saturation, hypotension or bradycardia.

Discussion
This study verified that the PSI values can distin-

Table 2: Patient State Index corresponding to the Modified Observer’s Assessment of Alertness/Sedation Scale during infusion

of propofol.
MOAA/S 0 1 2 3 4 5 p value
Median PSI 26 34 44 55 66 87 <0.001
(range) (22-33) (25-47) (30-53) (29-72) (39-87) (35-93)

These values are median (range: minimum to maximum) of Patient State Index. Score of 5 of MOAA/S scale represents responds readily to
name spoken in normal tone and score 0 represents no response to noxious stimuli. MOAA/S: Modified Observer’s Assessment of Alertness/
Sedation Scale, PSI: Patient State Index.
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Figure 1: Patient State Index (PSI) and Modified Observer’s
Assessment of Alertness/Sedation (MOAA/S) scale relationship
are shown. A reduction of PSI value is correlated with the de-
creasing MOAA/S scale (r = 0.87667). Score of 5 of MOAA/S
scale represents responds readily to name spoken in normal
tone and score 0 represents no response to noxious stimuli.
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Figure 2: Receiver operating characteristic curve, which
was obtained from Modified Observer’s Assessment of
Alertness/Sedation (MOAA/S) scales and Patient State In-
dex (PSI) relationship for the MOAA/S scale of < 2. The
calculated cutoff PSI value was 58 (sensitivity of 96%, spe-
cificity of 84% and area under the curve of 0.97).

guish between different levels of sedation according to
the MOAA/S scale. There was statistically significant
correlation between the PSI values and MOAA/S scales.
Various para-clinical EEG monitors tend to perform bet-
ter under certain circumstances.

The SEDLine™ presents PSI values after advanced
artifact rejection, in particular, electrocautery®. The PSI
monitor has been designed to monitor patient sedation

and residual drug effects both intra-operatively and in the
intensive care unit’. The PSI monitor seems to be a more
sensitive monitor for measuring small changes in the lev-
el of consciousness than the BIS monitors in un-sedated
elderly patients®. Data from 4 EEG electrodes enables the
PSI algorithm to simultaneously reflect global and re-
gional brain changes’.

The PSI values range from 0 (total cortical silence) to
100 (awake state), and 25-50 indicates the optimal hyp-
notic state for surgical anesthesia. Sedation is a continu-
um from minimal sedation to general anesthesia, and se-
dation using propofol may lead to deep sedation and car-
diorespiratory depression. Close monitoring of sedation
facilitates the careful adjustment of drugs and prevents
over or under-sedation. Drover et al reported that the use
of the PSI significantly decreased propofol dosage and
improved the recovery from propofol-alfentanil-nitrous
oxide anesthesia’. However, use of the SEDLine™ to
titrate sevoflurane did not improve the time to extuba-
tion or change the outcome of old (=65 years) surgical
patients receiving beta-adrenergic blockers!'.

Electroencephalography as a predictor of depth of an-
esthesia is dependent on variable factors such as anesthetic
agents, age, medication and physiology of the patients''.
Also, frontalis muscular interference adjacent to the EEG
leads alters the PSI values'?. Caputo et al described that
the relation between Ramsay Sedation Scale (RSS) and
PSI became more significant (» = -0.49; p <0.001) when
PSI values associated with >50% EMG were excluded
because of interference from frontalis EMG'. The study
of Chisholm et al shows that there was a great variation
between BIS and PSI values of 61 and 80'. The cor-
relation between two clinical sedation scales (Ramsay
Sedation Scale and Observer’s Assessment of Alertness/
Sedation scale) and 2 EEG-based monitors (BIS and PSI)
were strongest only at the extremes of sedation states.

Although BIS is the most popular EEG monitor
worldwide, the PSI monitor performed equally well in
predicting the depth of sedation or anesthesia. The PSI
values were lower than the BIS values by ~10-15 points
at high propofol concentrations'. These findings are
in close agreement with the results of our study, which
demonstrated that the calculated cutoff PSI value of 58
(sensitivity 94.76%, specificity 81.02%, positive predic-
tive value 88.44%, negative predictive value 90.89%) is
lower than the calculated cutoff BIS value of 67 (sensitiv-
ity of 86%, specificity of 97%, and area under the curve
of 0.98)'. The PSI values may be more sensitive to the
effects of residual anesthetic drugs on the central nerv-
ous system than the BIS values®. PSI performed well in
predicting the estimated effect site concentrations of pro-
pofol (Pk =0.87) and have a significant correlation with
the BIS monitor (p?= 0.866, p <0.001)"5.

MOAA/S scale or Ramsay Sedation Scale grading is
performed subjectively and has to inflict pain to deter-
mine responsiveness. So, there are needs in the utility of
EEG monitors during procedures with sedative agents for
evaluation of patient’s depth of sedation. Because poor
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correlation between RSS and PSI was revealed in previ-
ous literature, we used the MOAA/S scale for our study'?.
MOAA/S scale (Table 3), a conventional sedation scale
has been widely used for the monitoring of depth of seda-
tion and is frequently used at our institution'.

Table 3: Responsiveness scores of the Modified Observer’s
Assessment of Alertness/sedation Scale.

Response Score
Responds readily to name spoken in 5
normal tone

Lethargic response to name spoken 4
in normal tone

Responds only after name is called 3
loudly of repeatedly

Responds only after mild prodding 2
or shaking

Does not respond to mild prodding 1
or shaking

Does not respond to noxious 0
stimulus

This study had some limitations. First, we had no
way of grading and ameliorating the effect of patient’s
preoperative anxiety because anxiety can influence EEG
activity!'’. There is a possibility of contamination of the
PSI index from the electromyography (EMG) signal due
to frequent eye opening in anxious patients. Second, we
did not evaluate the response of PSI was stopped after the
end of the operation. Third, the PSI values correspond-
ing to poor signal quality combined with elevated EMG
(> 50%) was excluded because of possible artifact signal
pollution. The confusing data created by EMG interfer-
ence makes it difficult to use PSI as a guide for sedation'?.
Further studies about EMG interference for SEDLine™
monitor may be needed when external stimuli are ap-
plied.

In our study, the PSI value is reliable for the assess-
ment of the MOAA/S scale level during infusion of pro-
pofol. The SEDLine™ monitor may be useful to provide
a measure of sedation depth without the need to inflict
the patients.
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