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I-II 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 kΩ) 
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)5,6. The initial 
effect site concentration (Ce) of propofol was set to 1.5 μg/
ml and it was increased by 0.5 μg/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 0.8051. 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. 

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.

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.

MOAA/S 0 1 2 3 4 5 p value
Median PSI 

(range)
26

(22-33)
34

(25-47)
44

(30-53)
55

(29-72)
66

(39-87)
87

(35-93)
<0.001

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.

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.


