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Abstract
Spectral entropy is based on analysis of variations in electroencephalography and frontal electromyography, and is a safe 
and reliable method for anesthesia depth monitoring. However, standard frontal positioning of entropy electrodes in patients 
undergoing cardiac surgery is sometimes challenging. The present study aimed to compare standard entropy sensor placement 
with an alternative (infraorbital) site. This prospective study included 20 patients who underwent cardiovascular surgery at 
the authors’ center. Monitoring was performed with standard and alternative entropy electrode positions from patient admis-
sion to surgery to transfer to the intensive care unit. Data were recorded every 15 s; all data were analyzed and compared 
using Bland–Altman, scatter plot with Pearson correlation coefficient, and sensitivity/specificity analyses. Overall, 20,784 
pairs of response entropy (RE) and state entropy (SE) indexes were collected. Bland–Altman analysis revealed a mean differ-
ence in RE of 0.37 (95% LOA − 7.09, 7.88) and SE 0.69 (95% LOA − 5.95, 7.31); with 3.46% (720/20,784) RE and 3.40% 
(706/10,790) SE values lying outside of the limits of agreement. Correlation analysis revealed strong positive correlation in 
both cases: RE, r = 0.983, p < 0.05; SE, r = 0.984; p < 0.05. Sensitivity/specificity analysis revealed 98.1% sensitivity, 93.3% 
specificity and 97.1% test efficiency for RE, and 99.2%, 95.1% and 98.5% for SE, respectively. Infraorbital entropy sensor 
placement in patients undergoing cardiovascular surgery is reliable and effective. The strong positive correlation between 
the two methods of registration enables alternative entropy measurement when frontal placement is not possible.
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1  Introduction

Determining the optimal depth of anesthesia remains one of 
the unsolved problems of modern anesthesiology. In cardiac 
surgery every hemodynamic disturbance can become cru-
cial, for this reason careful titration of anesthetics is often 
required. Hence anesthesia depth assessment becomes an 
extremely valuable tool [1]. Entropy is an electroenceph-
alographic-based monitoring method that evaluates the 
irregularity of a signal. Entropy sensors are positioned on 
the patient’s frontotemporal region of the face. However, 
in some cases, such an application site is unsuitable, for 
example, in patients undergoing aortic arch surgery, brachio-
cephalic vessel interventions and others who require mul-
timodal neuromonitoring using cerebral oximeter monitors 

and a transcranial Doppler helmet. In such situations, an 
alternative entropy lead montage can be used instead of the 
frontotemporal. Recently, several studies have examined 
alternative positions for bispectral index electrodes [2–4], 
one of which described successful use of the infraorbital 
position [5]. We contemplated whether sensor placement 
inferior to a frontotemporal montage could be useful for cer-
tain groups of patients.

Accordingly, the aim of the present study was to deter-
mine whether an alternative (infraorbital) entropy sensor 
position could be used instead of the normal site of place-
ment in patients undergoing cardiovascular surgery.

2 � Methods and materials

A prospective study including 20 patients undergoing elec-
tive cardiovascular surgery was performed. Local Ethics 
Committee approval was obtained, as was informed writ-
ten consent from all individual participants included in the 
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study. The study was organized in compliance with the prin-
ciples of the Declaration of Helsinki. Patients with a history 
of head injury, brain tumor, stroke, syncope, or maxillofacial 
trauma were excluded from the study.

2.1 � Anesthesia

A diverse range of cardiovascular surgery procedures was 
performed (coronary artery bypass graft; heart valve sur-
gery; ascending aorta replacement, and lower extremity 
bypass surgery). All patients underwent multicomponent 
balanced anesthesia using propofol, sevoflurane and fen-
tanyl. Patients received premedication with trimeperedine 
and chloropiramine 40  min before surgery. Anesthesia 
was induced using fentanyl (3.0–5.0 µg/kg) and propofol 
(1.5–2.5 mg/kg). Muscle relaxation was maintained using 
pipecuronium bromide (0.1 mg/kg). Sevoflurane at a mini-
mum alveolar concentration of 1–1.5 was the main hypnotic 
agent, except during cardiopulmonary bypass, when fentanyl 
at 2.0–3.0 µg/kg*h and propofol at 2–4 mg/kg*h were used. 
Dissociative anesthetic agents were not applied. Normother-
mic cardiopulmonary bypass was used in 10 of 20 cases.

2.2 � Spectral entropy

The entropy module converts irregular content of the elec-
troencephalographic (EEG) signal into an index that reflects 
the level of anesthesia. Normally, signal is acquired from 
the skin of the forehead and the side of the head; there-
fore, it contains an EEG and frontal electromyogram (EMG) 
component [6]. The entropy module produces two values: 
response entropy (RE) and state entropy (SE). When SE 
contains nothing but EEG signal and is computed over the 
frequency range 0.8–32 Hz, RE includes additional higher 
frequencies up to 47 Hz therefore contains EMG and is con-
sidered to be an indicator of pain [6]. The index is calculated 
as follows: high levels of entropy during anesthesia demon-
strate that the patient is awake, whereas low levels of entropy 
are correlated with deep unconsciousness.

Before the induction of anesthesia, both normal and alter-
native (infraorbital) GE Easy Fit entropy (GE Healthcare 
Finland Oy, Helsinki, Finland) sensors were placed on each 
patient (Fig. 1). Sites of placement were prepared according 
to official entropy guidance. The entropy monitor automati-
cally checks electrode impedance. If the impedance of each 
electrode is within the limit set by the manufacturer, it is 
deemed to have “passed”. No electrode failed at any time 
during the study. RE and SE indexes were displayed on GE 
Datex-Ohmeda AS/5 monitors (GE Medical Systems Infor-
mation Technologies Inc. Milwaukee, WI, USA). All data 
were acquired in 15 s intervals until the patient had been 
transferred to the intensive care unit (ICU).

2.3 � Statistical analysis

A variety of statistical methods were used for data analy-
sis. Normal distribution of continuous variables was tested 
using the D’Agostino & Pearson omnibus normality test. 
Limits of agreement were determined using Bland–Altman 
analysis [7]. This method was used for overall data and for 
each patient separately. The methods were considered to be 
equivalent, with less than 5% of values lying outside the 95% 
limits of agreement. Furthermore, correlation analysis was 
used with Pearson’s coefficient calculation (r). Correlation 
between the methods was regarded to be statistically signifi-
cant at p < 0.05. In addition, analysis of data near the thera-
peutic threshold of 60 to identify the occurrence of incorrect 
therapy change when the actual depth of anesthesia accord-
ing to normal position registration is acceptable. For this 
purpose, sensitivity/specificity analysis was used with the 
normal electrode position as the diagnostic “gold standard”.

All analyses were performed using STATISTICA 10 soft-
ware (StatSoft Inc. 1984–2018) and Microsoft Office Excel 
2010 (Microsoft Corp., Redmond, WA); p < 0.05 was con-
sidered to be statistically significant.

3 � Results

Demographic and clinical data of the subjects are presented 
in Table 1. A total of 20,784 pairs of each index (i.e., RE 
and SE), collected from normal and alternative positions, 
were analyzed. Bland–Altman analysis revealed 3.46% 

Fig. 1   Both standard and alternative (infraorbital) entropy sensors 
positions
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(720/20,784) of RE and 3.40% (706/10,790) of SE values 
lying outside the limits of agreement (Fig. 2). Overall differ-
ences between two methods of registration was 0.37 (95% CI 
− 1.99, 2.74) with an upper limit of agreement of 7.88 and 
a lower limit of agreement of − 7.09 for RE and 0.69 (95% 
CI − 1.40, 2.79) with an upper limit of agreement of 7.31 
and a lower limit of agreement of − 5.95 for SE. Addition-
ally, Bland–Altman scores were evaluated for each patient 
separately. The number of values lying outside the limits of 
agreement was from 1.14 to 4.34%, and from 1.06 to 3.98% 
for RE and SE, respectively.

Correlation analysis using Pearson’s coefficient count 
revealed a strong linear association between normal and 
alternative RE and SE measurements: RE, r = 0.983, 
p < 0.05; and r = 0.984; p < 0.05 for SE (Fig. 3).

Using sensitivity/specificity analysis to compare with the 
normal (i.e., standard) position, the infraorbital site of place-
ment demonstrated 98.1% sensitivity, 93.3% specificity and 
97.1% test efficiency for RE, and 99.2% sensitivity, 95.1% 
specificity and 98.5% test efficiency for SE.

4 � Discussion

The main finding of the present study was that use of an 
alternative placement location for the entropy sensors was 
equally effective as the standard position. It has major practi-
cal significance for all anesthesiologists in cases when clas-
sical frontal positioning of the entropy leads is cumbersome 
or not possible.

Unfortunately, EEG-based monitoring of the depth of 
anesthesia still has not become a routinely assessed method 
during all surgical procedures. The economic and clinical 
benefits of anesthetic depth monitoring have been widely 
noted in many trials and reviews [8, 9]. Excessively deep 
anesthesia levels lead to related morbidities such as postop-
erative nausea, neurocognitive dysfunction, and prolonged 

ICU stay [9]. Underdosage of anesthetic drugs causes intra-
operative awareness, especially in cardiac surgery, in which 
the incidence of this condition is relatively high (from 0.2 to 
2.0%) [10]. Awareness during anesthesia results in the devel-
opment of sleep disturbances, nightmares, anxiety attacks, 
distressing flashbacks, inability to concentrate and, probably, 
post-traumatic stress disorder [11, 12]. In addition, physical 
signs of intraoperative awareness, such as tachycardia, arte-
rial hypertension, lacrimation and sweating, are not specific 
[13, 14]. A Cochrane database review reported a decrease 
in time of awakening after surgery and in ICU stay in the 
entropy group [2]. Another Cochrane review additionally 
reported a lower incidence of intraoperative awareness when 
EEG-based monitoring was performed [15]. Economic ben-
efits have been explained by the use of less anesthetic agent 
[8, 9].

It has been established that cardiothoracic and vascular 
surgery often requires advanced anesthesiological monitor-
ing, with many sensors and electrodes requiring placement, 
which sometimes leads to ergonomic and technical prob-
lems. For example, in our practice, we encounter such dif-
ficulties in cases of simultaneous positioning of sensors for 
the cerebral oximeter monitor, transcranial Doppler helmet, 
and entropy. This problem prompted a reconsideration of 
how we could place the entropy electrodes in an alternative 
position. To date, many authors have examined various posi-
tions of EEG-based monitor leads, especially in neuroan-
esthesiology, where electrodes can interfere with surgery 
[3, 4, 13, 16]. In only one of the studies, the authors used 
an alternative position for bispectral index sensors that was 
inferior to the standard position [5]. We did not find any 
comparable studies with the entropy monitor. Interestingly, 
even an alternative mandibular position of the sensors was 
tested, with a predictable negative result [17]. After analyz-
ing previous research, we selected the infraorbital position 
for the entropy leads.

We analyzed our data using different statistical methods. 
Bland–Altman analysis revealed that only 3.5% of the values 
were outside the 95% confidence interval. Limits of agree-
ment were obtained in the ideal interval of 10 units, which 
shows normal variability for both RE and SE indexes. The 
majority of values lying outside the limits of agreement refer 
to the periods of active head and body position change, for 
example during operative field preparation or placing an 
internal jugular venous line. During this procedure, physi-
cians always touch the sensors, which results in interference 
of the entropy registration. We also examined individual 
Bland–Altman scores, which varied < 5%. Correlation data 
analysis revealed strong linear relationships between nor-
mally and alternatively registered values for both RE and SE.

Regarding cases of inappropriate additional anesthetic 
drug administration or failure to change therapy when 
it was indicated, we performed sensitivity/specificity 

Table 1   Patient characteristics

Continuous data are presented as mean standard deviation or median 
(interquartile range). Categorical variables are frequencies (percent-
age)
CABG coronary artery bypass graft, LEBS lower extremities bypass 
surgery

Age (years), Me (IQR) 67 (58–70)
Gender (M/F), % 60/40
Weight, kg 78 (71–116)
Body surface area, m2 1.98 ± 0.34
СABG 10 (50%)
Combined valve and CABG surgery 3 (15%)
LEBS 2 (10%)
Ascending aorta replacement 5 (25%)
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Fig. 2   The overall Bland–Altman plots, comparing standard and alternative entropy positions for both SE and RE indexes. The mean difference 
(continuous middle line) and upper and lower limits of agreement (upper and lower continuous lines respectively) are shown
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analysis and found relatively high values for both alter-
native RE and SE. We found that only 172 values (1.31%) 
for RE and 61 (0.51%) for SE were above the threshold 
of 60, when normally registered indexes were in 40–60 
interval. In contrast, the alternative position RE was 
in 40–60 gap, when normal position demonstrated val-
ues > 60 in 182 (1.47%) and SE in 112 (0.97%) cases. In 
our opinion, such frequencies of false-positive results are 
concerning because appropriate therapy would not have 
been administered in cases when it was needed. Despite 
the fact that the number of false-positive and false-nega-
tive ratios is relatively low, this issue requires additional 
research because of its clinical relevance.

5 � Limitations

There were several limitations to our study. We did not 
draw any conclusions about the general use of entropy in 
cardiothoracic and vascular surgery. Moreover, we did not 
examine differences in various stages of anesthesia. The 
biopotential obtained from entropy electrodes is a com-
plex composition of EEG, EMG (from multiple muscles), 
and environmental mechanical and radiofrequency elec-
trical signals. Infraorbital electrode placement can poten-
tially alter the relative contribution of these generators to 
the entropy composite. Consequently, the contribution of 
the cerebral cortical generator may be diminished. The 
potential risk of such placement is diminished sensitivity 
to noteworthy change(s) in cortical entropy. Determining 
the probability of a false-negative response would require 
a study with a very large sample size. Further trials, there-
fore, are warranted.

6 � Conclusions

Our preliminary study demonstrated that infraorbital 
entropy sensor placement in patients undergoing cardio-
vascular surgery is reliable and effective. The strong posi-
tive correlation between the two methods of registration 
enables the use of alternative entropy measurement when 
frontal placement is not possible.
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