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Abstract: With the development of general anesthesia techniques and anesthetic substances, 

brought new horizons for the expansion and improvement of surgical techniques. Nevertheless, 

more complex surgical procedures brought a higher complexity and longer duration for general 

anesthesia that led to a series of adverse events such as hemodynamic instability, under- or 

overdosage of anesthetic drugs, as well as an increased number of post-anesthetic events. In order 

to adapt the anesthesia according to the particularities of each patient, the multimodal monitoring 

of these patients is highly recommended. Classically, general anesthesia monitoring consists of the 

analysis of vital functions and gas exchange. Multimodal monitoring refers to the concomitant 

monitoring of the degree of hypnosis and the nociceptive-antinociceptive balance. By titrating 

anesthetic drugs according to these parameters, clinical benefits can be obtained, such as 

hemodynamic stabilization, reduction of awakening times, and the reduction of post-operative 

complications. Another important aspect is the impact on the status of inflammation and the redox 

balance. By minimizing inflammatory and oxidative impact one can achieve a faster recovery that 

will lead to both increased patient satisfaction and an increase in patient safety. The purpose of this 

literature review is to present the most modern multimodal monitoring techniques, respectively to 

discuss the particularities of each technique. 
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1. Introduction 

The rapid developments in the field of anesthesia, including new drugs, new anesthetic techniques 

and new monitoring devices led to an increased trust in the anesthetic act from the general population 

and increased addressability towards the surgical services, also promoting the development of more 

complex surgical techniques. In order to keep up with the demand the multiparametric monitoring 

techniques in general anesthesia needed to be rapidly adapted leading to shorter waiting times, less 

postoperatory adverse events as well as to an increase in patient safety [1–9].  
The state of consciousness is represented by a series of variables that can be experienced and 

felt, such as perceptions, sensations, emotions and memories. These are a few of the reasons that 

make the quantitative analysis of these states impossible. One of the first theories was launched in 

1949 when Hebb postulated that the physical transposition of a mental representation is given by the 

neuro-cellular assembly and by the neuronal interconnections [5]. The N-metil-D-aspartate (NMDA) 

synapses were discovered based on this first theory and after numerous studies, synapses that are 

predominantly found in the cortex [6–8]. Diverse interactions, ionic exchanges, the production of 

nitric oxide, and the electrical stimulation generated by the opening and closing of ion channels leads 

to the formation of inter-neuronal connections and to a complex neuronal activity. The loss of 

consciousness can have a number of causes, such as anesthesia, cerebral lesions or sleep. In the case 

of anesthesia the responses of the central nervous system are totally suppressed; the state is reversible 

and is an attribute of the development of modern medicine that made possible the development of 

modern surgery and invasive therapeutic and diagnostic techniques [10-25]. 

Multimodal monitoring techniques in general anesthesia refer to the utilization of all parameters 

that characterize this process. Therefore we talk about monitoring of the degree of hypnosis, of the 

nociception-antinociception balance, and of the functionality of the autonomic nervous system [23]. 

In the classical state of things general anesthesia monitoring includes the evaluation of vital functions 

such as heart rate, blood pressure, temperature, and other subjective clinical findings. In this situation 

there is always a risk of under- or overdosage of anesthetics leading to either awareness or an 

excessive degree of hypnosis with serious impact on the outcome and prognosis of these patients. 

Clinical signs such as hypertension, tachycardia, and tearing have long been used for guiding general 

anesthesia but it has already been proven that they are subjective and cannot guide general anesthesia 

in an individualized manner, in accordance with the real needs of each patient [2,24,25]. 

The electroencephalography (EEG) represents the recording of postsynaptic potentials in the 

pyramidal cells of the cerebral cortex. EEG is classified then based on the frequency. It can be recorded 

on the scalp and forehead using surface electrodes and reflects the metabolic activity of the brain. The 

metabolic activity of brain cells needs energy. Problems or changes in energy production (increased 

demand or decrease production) by brain cells can profoundly affect the EEG activity [10–12]. 

Monitoring of the level of consciousness during general anesthesia based on electroencephalography 

has become routine practice in the operating room. Both for the patient and for the anesthetist the 

main concern during general anesthesia is the state of unconsciousness, mainly avoiding the risk of 

awareness. EEG models are well known to change in pattern with the deepening of anesthesia; 

therefore the evaluation of the degree of hypnosis requires measurements of the electrical activity of 

the brain [13–15]. Anesthetics have the brain as a target effect site; therefore this organ needs to be 

monitored together with the spinal reflexes and the cardiovascular changes such as mean arterial 

pressure and heart rate. Measuring the depth of anesthesia is based on continuous EEG monitoring. 

Certain algorithms have been developed able to translate changes in the EEG signals into simple 

numerical indices that correspond to a certain level of anesthesia, from awake state to deep sleep 

[3,16,17]. Monitoring  the state of consciousness is a complex endeavor and, although this clinical area 

has evolved rapidly, the benefits of EEG monitoring based anesthesia are still controversial.  The 
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problem lies in the fact that our understanding of the human consciousness state is still incomplete 

and we still lack information about the exact effects of general anesthesia on the brain. The depth of 

anesthesia is neither stable, nor constant; it is more of a dynamic action that depends on the balance 

between the dosage of anesthetic medication and the pain caused by the surgical intervention [18–

20].  

Using EEG signal in order to monitor the depth of general anesthesia should reduce the 

incidence of intranesthetic awareness and should lead to a reduction in anesthetic medication 

consumption, as well as reduce the incidence of adverse effects related to anesthesia and lead to 

shorter recovery times [21,22].  

2. Multimodal monitoring techniques for the degree of hypnosis 

In the current clinical practice achieving an individualized prediction of the response to sedation 

and hypnosis is not accurate without multiparametric monitoring because of complex factors and 

variables that interfere with the anesthetic act. Among these the most common are the concomitant 

administration of anesthetic agents, as well as the different pharmacokinetic response and the 

individual pharmacodynamic variability. Therefore, real-time monitoring of the effects induced by 

general anesthesia can bring an important contribution to the optimization of anesthetic dosage and 

hemodynamic control by the individualized titration of these medications. In order to limit 

perioperative adverse effects induced by the anesthetic drugs it is recommended to titrate the doses 

based on the individual clinical response [26–28]. Some of the most common techniques for the 

evaluation and quantification of the degree of hypnosis are represented by the bispectral index (BIS, 

Medtronic-Covidien, Dublin, Ireland), Entropy (GE Healthcare, Helsinki, Finland), composite 

auditory evoked potential index (cAAI, AEP Monitor / 2, Danmeter A/S, Odense, Denmark) and 

Narcotrend index (NCT, MonitorTechnik, Germany). 

The bispectral analysis is a statistical technique that reveals non-linear phenomena such as the 

electroencephalogram (EEG). The conventional analysis of EEG signals using standard procedures 

can bring important information regarding the frequency, power and phase of EEG signals. The 

bispectral analysis of these signals represents a separate technique that analyses sinusoidal segments 

of the EEG spectrum, showing quantifiable variables in the form of an index (BIS) with clinical 

applicability. From a practical viewpoint BIS is represented by a numeric interval between 0 and 100, 

where 0 represents the complete electrical abolition translated through cortical suppression, and 100 

is characterized by the conscious (awake) state on the EEG [29]. 

Another technique used for monitoring and individualizing the degree of hypnosis in patients 

undergoing general anesthesia is Narcotrend (Monitor Technik, Bad Bramstedt, Germany). It is based 

on analyzing EEG signal and it classifies the degree of hypnosis in different levels such as A (awake) 

and F (electrical silence), quantified by the Narcotrend Index, that ranges from 100 (awake) to 0 

(electrical silence) [30]. Kreuer et al., in a study that compared the performance of BIS and Narcotrend 

Index have reported similar effects of the two techniques. This research group have obtained a 

prediction probability, P(K) for Narcotrend of 0.88  0.03, while the P(K) for BIS was 0.85  0.04. 

Furthermore, the mean drug effect, k(e0) was 0.2  0.05 min (-1) for Narcotrend and 0.16  0.07 min 

(-1) for BIS [31]. A similar study was carried out by Kreuer et al., who also reported similarities 

between the two techniques. Their study included 50 patients undergoing orthopedic surgery and 

has reported statistically significant correlations between the D and E segments of Narcotrend and 

the 64-40 range of BIS [32]. Another study on the impact of hypnosis monitoring by Narcotrend Index 

in the pediatric patient population has reported strong correlations between the Narcotrend Index 

and the minimum alveolar concentration (MAC) in patients over 4 months of age [33].  

The Auditory evoked potentials (AEPs) represent another technique used for monitoring the 

degree of hypnosis in patients under general anesthesia [34]. Mantzaridis et al., have studied the 

AEPs index in patients undergoing orthopedic surgery. The mean value for the index at the beginning 

of surgery was 72.5  11.2, followed by a decrease to 39.6  6.9 that correlated with loss of 

consciousness. After recovery from anesthesia the mean value for AEPs index was 66.9  12.5, leading 

to the conclusion that this index is suitable for being used in the current medical practice [35]. 
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On the other hand, the concept of Entropy derives from thermodynamics and is successfully 

used in the current clinical practice, being applied in the EEG signal analysis. Regarding the 

mechanism of analysis, the EEG signal is first of all analyzed based on the “Fast Fourier” [28-31] 

concept for the identification of the sinusoidal compounds. After identifying the spectrum the 

Shannon function is applied in order to identify the specific values for each identified frequency. The 

sum of these values results in the numerical values called Spectral Entropy. The first algorithm ever 

to be used in the clinical practice has been defined and applied in the M-Entropy modules S/5 (GE 

Healthcare, Helsinki, Finland) [10,29–45]. The EEG data are collected through an adhesive sensor 

made of three electrodes applied on the fronto-temporal region. Applying this concept for general 

anesthesia led to the idea that when the brain is in the “awake status” the EEG signals are complex 

and present with a high degree of irregularity. When the patient is asleep/under general anesthesia 

the neuronal activity progressively decreases and the EEG complexes become more regular. 

Applying the principle in the case of Entropy, in patients under general anesthesia a significant 

difference has been observed regarding the wave spectrum generated, this wave spectrum being 

directly proportional with the neuronal activity. Because the EEG signals are measured from 

electrodes placed on the frontal region, a high number of signals are represented by the activity of 

the muscles from the forehead region and are translated though an electromyography signal (EMG). 

Therefore, the EEG signals are defined by frequencies up to 32 Hz, while the EMG activity includes 

signals above 32 Hz. The M-Entropy module  (GE Healthcare, Helsinki, Finland) distinguished these 

two frequencies and generates two different parameters, both having important clinical significance 

– “State Entropy – SE” and “Response Entropy - RE”. SE (0.8 – 32 Hz) reflects the cortical status of 

the patient, while RE (0.8-47 Hz) includes both the EEG and the EMG activity [12,34–36]. The values 

of SE are between 0 (suppressed EEG) and 91 (“awake status”), while RE is characterized by values 

between 0-100. In clinical practice it is recommended to maintain RE/SE between 40 and 60 in order 

to achieve an adequate degree of hypnosis. Spectral Entropy is based on the analysis of frontal EEG 

and EMG variations and is a safe and reliable method for monitoring the depth of anesthesia. The 

Entropy module transforms the irregular content of the EEG signal in an index that reflects the depth 

of anesthesia. Normally, the signal is acquired from the skin on the forehead and temporal are; hence, 

it encompasses both an EEG and an EMG component [37]. The index is then calculated as follows: 

high levels of entropy during anesthesia demonstrate awareness, while very low entropy levels are 

correlated with a profound state of unconsciousness. Using this parameter will lead to a more rapid 

awakening of the patient at the end of surgery, lower dosage of anesthetic drugs, and will at the same 

time prevent intra-anesthetic awareness episodes [32,38–40].  

Changes in neuronal activity can be analyzed indirectly through computed tomography with 

integrated positron emission (PET-CT). This analysis is based especially on the changes in certain 

variables such as neuronal activity, cerebral blood flow, and cellular metabolism [41]. Thus, specific 

changes in the glucose metabolism rate and cerebral blood flow can be quantified by using [18F] – 

fluorodeoxiglucose and [15O] H2O. General anesthetic agents such as sevoflurane and propofol reduce 

the cerebral blood flow, this effect being more important in the case of propofol. Maksimow et al., 

have carried out a study regarding the changes in neuronal activity under general anesthesia and 

have mapped the cerebral areas that better correlated with the EEG signals. The analysis of the 

regional cerebral blood flow has been studied at different degrees of hypnosis measured by Minimum 

Alveolar Concentration (MAC): MAC:1, MAC:1.5, and MAC:2 for sevoflurane, and different half 

maximal effective concentration for propofol (EC50) at 30 minutes intervals. For patients in the 

sevoflurane group they analyzed the End-Tidal Sevoflurane (Et-Sevo): 0% Et-Sevo (patient awake), 2 

% Et-Sevo (1 MAC), 3% Et-Sevo (1.5 MAC) and 4 % Et-Sevo (2 MAC), while for the propofol group 

the analyzed: 0 microg/mL (patient awake), 6 microg/mL (1 EC50), 9 microg/mL (1.5 EC50) and 12 

microg/mL (2 EC50). In both groups the Entropy was reduced inversely proportional with the 

sevoflurane and propofol concentrations, from 73.5 ± 6.5 to 12.2 ± 9.4, and from 70.4 ± 7.1 to 0.6 ± 1 

respectively, in the frontal region. In the temporo-occipital region the Entropy analysis was similar 

following the same dose-dependent trend. Regarding the correlation between EEG/SE analysis and 

computed tomography, the researchers have found statistically significant correlations for both 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 25 January 2021                   doi:10.20944/preprints202011.0657.v2

https://doi.org/10.20944/preprints202011.0657.v2


 5 of 19 

 

drugs, at similar concentrations (1.5 MAC, r = 0.81 și 1.5 EC50, r = 0.83). Following this study, 

Maksimow et al. have validated the fact that spectral Entropy can be used for both sevoflurane and 

propofol, showing the same regional neuronal activity confirmed through non-invasive PET-CT 

analysis. The usage of monitoring techniques for the degree of hypnosis in the case of pediatric 

patients is limited and is not validated. Numerous studies analyze the statistical correlations between 

BIS and Entropy for different age groups but have not identified strong statistical correlations 

between BIS/Entropy values and anesthetic drugs concentrations in infants vs. pediatric patients 

(aged over 1 y.o.) [42]. Davidson et al., have carried out a study regarding the performance of BIS and 

Entropy for different age groups in pediatric patients. They have analyzed four age groups: 0 – 1 

years old (n=8), 1-2 years old (n=10), 2-4 years old (n=18), and 4-12 years old (n=14). Regarding the 

comparison between Entropy and BIS, above the initial status (awake) they have identified 

statistically significant differences in the 0-1 years old group, as follows: RE/BIS:45 vs. 84, P=0.003, 

SE/BIS:36 vs. 78 (P=0.02). Following this study no statistically significant differences have been 

proven for BIS or for Entropy especially in the 0-1 age group. Interestingly there were no performance 

differences between BIS and Entropy but applying these techniques in the case of infants should be 

done with caution. In Table 1 are summarized a series of implications for different monitoring 

techniques for the degree of hypnosis on the clinical prognostic of patients undergoing general 

anesthesia [43].  

Table 1. The impact of monitoring the degree of hypnosis on anesthetic drugs consumption and on 

time recovery 

Author 
Parameter/Monitoring 

technique 

Type of general 

anesthesia 
Observations Reference 

Kim et al. State Entropy (SE) 

78 children (age: 3-

12) 

Sevoflurane 

 sevoflurane 

consumption  

 postoperative recovery 

time 

[44] 

Wu et al. State Entropy (SE) 
64 patients 

Sevoflurane 

 sevoflurane 

consumption 

 consumption of 

antihypertensive drugs  

 hemodynamic stability 

[45] 

Vakkuri et al. State Entropy (SE) 

368 patients 

propofol-alfentanil-

N2O 

 propofol consumption 

 postoperative recovery 

time 

[46] 

Talawar et al. Entropy (SE/RE) 
50 patients 

isofluran-N2O 

 postoperative recovery 

time 
[47] 

Elgebaly et al. Entropy (SE/RE) propofol 
 propofol consumption 

 hemodynamic stability 
[48] 

Gan et al. Bispectral index (BIS) 

302 patients 

propofol-alfentanil-

N2O 

 propofol consumption 

 postoperative recovery 

time 

 

Liu et al. Bispectral index (BIS) 
1383 patients 

Day surgery 

 consumption of 

anesthetic drugs 

 incidence of adverse 

effects (nausea, vomiting) 

 postoperative recovery 

time 

 

Bhardwaj et al. Bispectral index (BIS) 
50 pediatric pts 

propofol 

No effects have been 

observed regarding the 

consumption of 

anesthetic drugs.  

[49] 
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No effects on the 

postoperative recovery 

time 

Aime et al. 
Bispectral index (BIS) and 

Entropy (RE/SE) 

115 patients 

Sevoflurane; 

BIS & Entropy:  

sevoflurane consumption 

 

[50] 

Liao et al. 

Bispectral index (BIS) and 

A-line autoregressive index 

(AAI) 

116 patients; 

Sevoflurane; 

BIS & AAI:  sevoflurane 

consumption 

 postoperative recovery 

time; 

[51] 

Weber et al. 

Composite auditory 

evoked potential index 

(cAAI) 

20 pediatric 

patients; 

TIVA propofol and 

remifentanil; 

 propofol consumption; 

 hemodynamic stability 
[52] 

Lai et al. Narcotrend 

40 patients; 

propofol and 

fentanyl; 

 propofol consumption 

 postoperative recovery 

time; 

No effects on PONV; 

[53]l 

Rundshagen et al. Narcotrend 

48 patients 

propofol and 

remifentanil 

No effects on 

propofol/remifentanil 

consumption; 

No effects on 

postoperative recovery 

time 

[54] 

 

One other widely discussed risk is the incidence of intraoperative awareness that can lead to 

long term posttraumatic stress disorder. Sebel et al., have carried out a study on the incidence of 

intraanesthetic awareness analyzing 19575 patients. They have identified 25 patients that presented 

with awareness, resulting in an incidence of 0.13%. This research group has not found any statistically 

significant differences regarding the incidence based on sex or age, but increased incidence was 

associated with higher ASA scores (odds ratio, 2.41; 95%CI, 1.04-5.60 ASA III-V vs. ASA I-II) [55]. 

Sebel et al., have estimated a rough number of 26000 cases of intraanesthetic awareness throughout 

a year in the United States, this number being reported to approximately 20 million general anesthesia 

procedures [55]. Bruhn et al., reported in a similar study an incidence of 0.11% out of 10811 patients 

[34]. Ekman et al., reported a 0.18% incidence of awareness in a retrospective study that included 

7826 patients [56]. For all listed studies the incidence of awareness was lower in the groups of patients 

where techniques for monitoring the degree of hypnosis were used [34,55-56]. 

3. Monitoring techniques for the nociception-antinociception balance   

Another important aspect in the clinical practice is represented by the continuous monitoring of 

the nociception-antinociception balance. The aim of these parameters is to come as an aid to the 

clinician in deciding the adequate analgesia dosage for each patient. While monitoring the degree of 

hypnosis is achieved through the direct evaluation of the EEG signals, the nociception-

antinociception balance can be monitored indirectly [9,12], by evaluating certain variables such as the 

vasomotor reflex, pupillary size, the H reflex, and the hemodynamic response [57-58] (Figure 1). 
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Figure 1. Technologies/parameters used for monitoring the nociception-antinociception balance [59–

66]. ANI – analgesia nociception index; qNOX index - index of nociception; qCON index - index of 

consciousness; SPI – Surgical Plethysmographic Index; NOL index - Nociception Level Index 

One of the most widely studied technologies is the analysis of hemodynamic changes and 

includes the evaluation of the normalized heart beat intervals (HBIs) and of the amplitude of the 

plethysmographic waves, both correlating with sympathetic and parasympathetic tones. A higher 

sympathetic tone correlates with the intensity of the surgical stimuli and results in a suppressed 

plethysmographic amplitude (PPGA). For the correct calculation of the surgical plethysmographic 

index (SPI), after normalizing these parameters by transforming the histogram, the SPI formula will 

be used where SPI = 100 – (0.67 x PPGAnorm + 0.33 x HBInorm).   The SPI value can be influenced by 

certain factors, such as cardiac pacemakers, cardiac arrhythmias, antiarrhythmic medication, beta-1 

adrenergic antagonists, or alpha2-adrenergic agonists. Bonhomme et al., have evaluated the Surgical 

Pleth Index (SPI, GE Healthcare, Helsinki, Finland) trend and have made correlations with variability 

in mean arterial pressure and heart rate. Following this study they have shown that there is a strong 

correlation between all these variables and therefore SPI values depend on the doses of opioid 

medication administered during the anesthesia [58]. Bergmann et al, have carried out a randomized 

study that included 170 patients receiving general anesthesia with propofol and remifentanil. The 

patients were divided in two study groups, one study group received opioids based on SPI values, 

while the other group received the doses of opioids based on standard monitoring parameters, both 

clinical and hemodynamic monitoring. Statistically significant differences were shown in both 

propofol (p < 0.05, 6.0  2.1 vs. 7.5  2.2 mg/kg/h) remifentanil (p < 0.05, 0.06  0.04 vs. 0.08  0.05 

g/kg/min) consumption. The impact on post-anesthesia recovery time was evaluated by the time 

needed to open the eyes and time to extubation. The results presented statistical significance for both 

the evaluated features, extubation time (p < 0.05, 1.2  4.4 min vs. 4.4  4.5 min) and eye-opening time 

(p < 0.05, - 0.08  4.4 min vs. 3.5  4.3 min). The conclusion was that dose reduction and shorter 

recovery times can be achieved by adapting general anaesthesia based on the SPI [10]. Huiku et al 

confirmed in a similar study that SPI monitoring has a beneficial impact on anesthetic drugs used 

doses, increasing patient safety and the quality of the medical services [67]. 

Another parameter used for the evaluation of the nociception-antinociception balance is the 

Analgesia Nociception Index (ANI) [68]. The technology is based on the assessment in heart rate 

variability. To be used in the clinical setting ANI values lie between 0 and 100. In this case 0 represents 

a very low degree of parasympathetic modulation, and 100 represent a very high degree of 

parasympathetic activity. From a clinical point of view ANI=0 represents a high level of stress, while 

ANI=100 represents low stress levels.  
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Dostalova et al., have carried out a study in which they compared the impact the two monitoring 

techniques have on general anesthesia. They had three study groups: the group where doses of 

opioids were titrated based on ANI values, the SPI group and the control group. They have shown 

statistically significant differences regarding the decrease in opioid consumption and shorter 

recovery times after anesthesia [68]. Table 2 summarizes a series of studies regarding the impact of 

monitoring techniques on the nociception-antinociception balance and on the clinical outcome of 

patients.  

Table 2. The impact of nociception-antinociception monitoring techniques on anesthetic drugs 

consumption and on recovery time 

Author Technique/parameter 

Type of anesthesia 

Type of 

intervention 

Obervations Reference  

Funcke et al. 

SPI & Pupillary Pain 

Index (PPI) & 

Nociception Level 

(NOL) 

48 patients 

radical retropubic 

prostatectomy 

SPI:  hormonal 

response to stress 

PPI:  sufentanil 

consumption,  

hormonal response to 

stress; 

No effect on: 

postoperative recovery 

time. 

[69] 

Bergmann et al. 
Surgical Pleth Index 

(SPI) 

170 patients 

orthopedic surgery 

 propofol consumption; 

 remifentanil 

consumption; 

 postoperative recovery 

time. 

[10] 

Jain et al. 
Surgical Pleth Index 

(SPI) 

140 patients 

Laparoscopic 

cholecystectomy; 

 PONV; 

 postoperative pain; 

 fentanyl consumption; 

No impact on 

hemodynamic stability 

[70] 

Won et al. 
Surgical Pleth Index 

(SPI) 

45 patient; 

Elective 

thyroidectomy 

 oxycodone 

consumption; 

 postoperative recovery 

time; 

 extubation time; 

[71] 

Chen et al. 

Surgical Stress Index 

(SSI) – former 

Surgical Pleth Index 

(SPI) 

80 patients 

Elective ENT 

surgical 

interventions 

 remifentanil 

consumption; 

 postoperative adverse 

effects 

 hemodynamic stability 

[72] 

Theerth et al. 

Analgesia 

Nociception Index 

(ANI) 

60 patients 

Oncological 

surgery 

 fentanyl consumption; 

No impact on 

postoperative pain; 

[73] 

Soral et al. 

Analgesia 

Nociception Index 

(ANI) 

102 patients 

Procedural 

sedation 

 opioid consumption; 

No impact of propofol 

and ketamine 

consumption 

 

[74] 
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Gall et al. 

Analgesia 

Nociception Index 

(ANI) 

60 patients 

Bariatric surgery 

 

 sufentanyl 

consumption; 

No impact on PONV 

and postoperative pain; 

[75] 

Numerous studies have shown that opioid overdose during anesthesia is responsible for a series 

of adverse effects, such as increased recovery times and opioid induced hyperalgesia, and they also 

lead to hypotension, having a major impact on perioperative hemodynamic stability [66-71]. Won et 

al., have reported that using SPI monitoring during general anesthesia reduces opioid consumption, 

improves hemodynamic stability, and reduced postoperative recovery times [71]. A similar study 

was carried out by Jain et al., and has reported a statistically significant decrease in the number of 

hemodynamic adverse events when SPI was used for the titration of opioid medication (p<0.05) [70].  

Another system used for monitoring the nociception-antinociception balance is the index of 

nociception (qNOX) (qCON 2000 Monitor, Quantium Medical, Fresenius Kabi, Mataro, Spain). This 

parameter is based on the evaluation of EEG and EMG patterns, with values between 0 and 99. Jensen 

et al., carried out a study on 60 patients undergoing general anesthesia with propofol and 

remifentanil and have shown a series of statistically significant correlations concluding that qNOX 

can detect fine changes in the nociception-antinociception balance [76]. The Nociception Level Index 

(NOL indes, Medasense, Ramat Gau, Israel) is another widely used technology for titrating analgesic 

drugs during general anesthesia. It analyses the photoplethysmographic wave, temperature, skin 

galvanic conductance response, and accelerometry [63].  

4. The impact of multimodal monitoring on the hemodynamic status  

During general anesthesia maintaining adequate tissue perfusion represents one of the most 

important goals in the perioperative management of the patient. Hypotension frequently occurs 

especially after the induction of anesthesia or, better said, during the time between the moment of 

induction and the start of surgery. Reich et al., have reported a decrease in mean arterial pressure 

(MAP) of over 40% (MAP<70mmHg or MAP<60 mmHg) in the first 10 minutes after induction 

(p<0.001) [77]. Moreover, this study (n=2406 patients) reported an increase in the time spent in the 

recovery room (13.3%, p<0.05) and in postoperative mortality rates (8.6%, p<0.02) in patients that 

presented perioperative hypotension. Another interesting phenomenon presented by the group was 

that post-induction hypotension was more frequent in the 5-10 minutes interval, in comparison to the 

0-5 minutes interval after induction of general anesthesia [77]. A similar study carried out by Hug et 

al., reported that over 15% of the patients that present a decrease in systolic blood pressure (SBP) 

under 90 mmHg after induction with propofol in the first 10 minutes after administration [78]. Studies 

have shown that induction with sevoflurane maintains hemodynamic stability and decreases the risk 

of hypotension in comparison to induction with propofol, by this technique is not as well tolerated 

by the patients. Thwaites et al., made a study on the satisfaction of patients regarding the induction 

technique used: sevoflurane (inhalational induction, 8%) vs. propofol (i.v. induction). Over 14% of 

the patients consider inhalational induction unpleasant in comparison to 10% in the case of propofol. 

Furthermore, over 24% of the patients would not choose sevoflurane induction the second time [79].  

Cerebral ischemia is one of the main causes for cognitive impairment, with a very high global 

degree of mortality, while motor and cognitive dysfunctions seriously affect the quality of life of these 

patients. Cerebral reperfusion after an ischemic episode can induce organ damage such as 

neurovascular injury, neuronal death, cerebral edema, and neuro-hemorrhagic changes. The most 

common cellular mechanisms involved are represented by apoptosis, inflammation, and excessive 

production of free radicals [80]. 

The impact of hypotension during general anesthesia on the postoperative outcome and on the 

development of postoperative adverse events has been widely studied. Intraoperative hypotension 

(IHO) is a common effect of general anesthesia and has been associated with an increased incidence 

of one year mortality after surgery [81,82].  

The most important predictors for perioperative morbidity and mortality are the associated 

comorbidities, the determinants of the surgical procedure, and the specific aspects of perioperative 
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management and of general anesthesia. Apart from monitoring the hemodynamic parametes, 

quantification of the degree of hypnosis ”depth of anesthesia” represents one of the most important 

parameters in modern general anesthesia. At the time monitoring the degree of hypnosis is possible 

by using techniques based on the analysis of electroencephalography signals (EEG) [83]. 

Monk et al., studied the one year prognosis of patients that have undergone non-cardiac surgery 

under general anesthesia. The research group has carried out complex statistical analysis in order to 

determine if death at one year after can be associated with significant clinical features of the patient 

or with the management of general anesthesia. In order to control the degree of hypnosis they used 

the Bispectral Index ® (BIS®), with the same type of electrodes for all patients included in the study 

(A1050BIS Monitor, BIS sensors, Aspect Medical Systems, Newton, MA). 

Global mortality at a year was 5.5% (n=1604) and 10.3% for patients aged over 65 (n=243). 

Regarding variables that correlated with mortality Monk et al., have reported 3 statistically significant 

segments: 1. patient comorbidities (relative risk 6.116, p<0.05), 2. general anesthesia overdosage/ 

anesthesia to deep, BIS<45 (relative risk 1.244/h, p<0.05), 3. systolic hypotension during surgery 

(relative risk 1.036/min, p<0.05) [83]. They concluded that prolonged intraoperative hypotension can 

be associated with an increased incidence in mortality at one year [83]. Although there are numerous 

studies that focus on perioperative hypotension, at the time there is no clear definition for IHO [84].  

Most of the studies address statistical associations and correlations between different numerical 

intervals, ad correlations with the clinical changes. Sun et al., have carried out a study on the impact 

of IHO on acute kidney injury (AKI). Furthermore, the research group investigated the implications 

IHO time have on the incidence of AKI. They have correlated the AKI incidence with different IHO 

intervals as follows: MAP < 55 mmHg, MAP < 60 mmHg and MAP < 65 mmHg [85]. This was a 

retrospective study that included 5127 patients between 2009 and 2012. The results have shown an 

AKI incidence of 6.3% (324 patients) for MAP<60 mmHg and an IHO time between 11-20 minutes, 

and MAP<55 for an IHO time>10 minutes. Sun et al., reported a strong statistical correlation between 

sustained episodes of IHO with a MAP<50 mmHg and MAP<60 mmHg and AKI incidence. For the 

evaluation of AKI they have considered a 50% increase in creatinine levels or 0.3 mg/dl in the first 2 

days after surgery. A similar study was developed by Walsh et al., regarding the implications of IHO 

on the incidence of AKI and myocardial injury. They have evaluated 33330 patients that had 

undergone non-cardiac surgery making statistical correlations between the incidence of AKI and 

myocardial injury in patients that had presented with IHO with a MAP<55mmHg and MAP<75 

mmHg. Following statistical analysis they have identified 2478 patients that had developed AKI 

(7.4%) and 770 (2.3%) with myocardial injuries. For both groups MAP was under 55 mmHg. 

Interestingly, the risk for developing renal and myocardial lesions is increased even for short times 

of IHO [86]. In a similar context, a metanalysis carried out by Wesselink et al., reported ischemic 

organ damage when MAP<80mmHg for longer than 10 minutes. This research group showed an 

increase in risk with any decrease in blood pressure [84].  

5. The impact of general anaesthesia multimodal monitoring on inflammation/redox  

Another important aspect that also has an impact on the clinical outcome of surgical patients is 

represented by the inflammatory status and by the oxidoreduction response (REDOX) [87–91]. The 

excessive production of free nitrogen and oxygen radicals has a direct involvement in the 

augmentation of the pro-inflammatory status. Under physiological conditions the balance between 

the production of free radicals and that of endogenous antioxidant substances maintains the 

oxidoreduction equilibrium and the body does not suffer. Under surgical stress, in the case of 

ischemia-reperfusion syndrome or hypotension an excessive amount of free radicals will be 

produced, as well as pro-inflammatory mediators. All these factors will also decrease the production 

capacity for antioxidant molecules [92]. 

Particularly in the case of patients under GA or in mechanically ventilated patients, oxygen plays 

an essential role in the therapeutic management. In the case of general anesthesia increased oxygen 

inspiratory fractions (FiO2) are administered before endotracheal intubation and after extubation in 

order to maintain an adequate oxygen plasma concentration. Under physiological conditions PaO2= 
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80-100 mmHg. When PaO2 exceeds 100 mmHg the patient is characterized by hyperoxia, the most 

important systemic effect being the increased and accelerated production of reactive oxygen species 

(ROS) and the development of oxidative stress (OS) [93–99]. The most important mechanisms 

through which OS is augmented in the case of general anesthesia are represented by the increase in 

molecular oxygen offerings at the mitochondria, the interaction with reactive nitrogen species (RNS), 

and lipid peroxidation with destruction of cellular membranes [25,100–103]. (Figure 2)  

 

Figure 2. Schematic representation of the oxidative response in patients under general anesthesia. 

Nunes et al. have studied the implications of general anesthesia (GA) on the redox profile of 

surgical patients that underwent intravenous GA, as well as the implications of multimodal 

monitoring based on Entropy on the oxidoreduction activity. 20 patients were included in the study, 

divided into two study groups: the first in which Entropy values were maintained in the 45-59 

interval and the second in which Entropy was maintained in the 30-44 interval in order to evaluate 

the impact of anesthetic overdosage on the redox balance. The patients were evaluated at different 

moments in time: M1 – right after the administration of anesthetic drugs, M2 – after endotracheal 

intubation, M3 – 5 minutes after endotracheal intubation, M4 – immediately after surgical 

pneumoperitoneum, M5 – 1 minute after pneumoperitoneum, M6 – 1 hour after the end of surgery. 

The researchers determined the plasma concentrations for Glutathione and TBARS (tiobarbituric acid 

reactive species). Following the analysis they have identified significant increases in the Glutathione 

and TBARS concentrations at M5 in both groups. There were statistically significant differences 

between the two study groups with higher values of both Glutathione and TBARS in the group where 

Entropy was maintained between 30 and 44 (p<0.05). In regard to the anesthetic management, 

recovery times were significantly shorter for the group where Entropy levels were kept between 45 

and 59 (7.70 ± 1.24 min vs. 10.20 ± 0.90 min, P < 0.05). The increase in redox imbalance markers for the 

patients that received a deeper hypnosis (Entropy 20-44) reveals an increase in anaerobic metabolism, 

possibly because of an accentuated suppression of the autonomic nervous system [92]. 

Ferrari et al., carried out a study regarding the genotoxicity of sevoflurane on the DNA structure 

in isolated lymphocytes in 20 patients undergoing orthopedic surgery under GA. They have shown 

important changes in DNA structure and in redox activity that correlated statistically with the 

sevoflurane concentration [104]. Compared to the exposure to propofol, the group that was exposed 
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to sevoflurane presented a marked increase in the expression of tumor necrosis factor alpha (TNF-

alpha) and a decrease for interleukin 10 (IL-10) [104-105]. 

6. The impact on drug consumption and recovery    

Gan et al. led an important study regarding the implications of monitoring the degree of 

hypnosis. They included 302 patients divided in two groups. In the study group GA was guided 

based on BIS monitoring, while in the control group anesthesia was guided with basic monitoring. 

BIS values were measured in both groups [106]. In the study group the dosage of anesthetic agents 

were optimized in order to achieve a mean BIS value between 40 and 60 based on current guidelines 

and recommendations. Interestingly enough the BIS values in the control group were under 40, 

indicating a tendency to overdosing the anesthetic agents. The total propofol consumption was lower 

in the study group compared to the control. Another important variable is the time to extubation that 

was 7.27 minutes shorter (95% CI 6.23-8.28 min) in the study group compared to 11.22 min in the 

control group (95% CI, 8.51 – 13.60 min). Song et al. have designed a similar study that also showed 

a decrease in extubation times in patients that received general anesthesia modulated based on BIS, 

with a reduction from 6.5 ± 4.3 min to 3.6 ± 1.5 min (> 40%) for Desflurane, and from 7.7 ± 3.5 min to 

5.5 ± 2.2 min for sevoflurane [107].  

Vakkuri et al., have carried out a multicenter study on the impact the monitoring of degree of 

hypnosis through Entropy (GE Healthcare, Helsinki, Finland) has on anesthetic drug consumption 

and on postoperative recovery time. In the final analysis of the study they included 308 patients, 

divided homogeneously in two groups: the control group and the study group where GA was 

modulated based on Entropy. For propofol consumption there were statistically significant 

differences between the two study groups, the median for the control group being 0.11 (0.03, 0.21) 

mg/kg/min vs. 0.10 (0.04, 0.23) mg/kg/min for the group where Entropy was used.  

The analysis of the implications multimodal monitoring has on the postoperative reovery 

showed a decrease in the time to spontaneous breathing in the study group 4.74 (0.00, 18.0) vs the 

median  in the control group 7.07 (1.00-28.5).The time to extubation was also decrease by using 

Entropy from 9.16 (1.67, 32.3) minutes to 5.80 (3.00, 27.3) with p<0.05. The patients in the target group 

opened their eyes to verbal command faster than the control group 6.08 (0.15, 37.5) minutes vs 10.8 

(2.23, 43.2) minutes (p<0.05) and they were transferred in the Post-Anesthesia Care Unit (PACU) 

faster, at 10.3 (1.17, 48.7, p<0.05) minutes vs. 13.0 (5.0, 49.8). Mean State Entropy (SE) during general 

anesthesia was 50 (34-78), while the mean Response Entropy (RE) was 52 (35-84).  [46]. A similar 

study was developed by El Hor et al., reporting an increase in sevoflurane consumption in the case 

of patients that could not benefit from advanced monitoring of the degree of hypnosis vs. patients 

for which Entropy monitoring was applied (5.2 ± 1.4 mL/h vs. 3.8 ± 1.5 mL/h, P < 0.05) [108].  

Regarding hemodynamic stability the researchers found statistically significant differences between 

the groups: 10 hypertension episodes were reported in the control group vs. 7 hypertension episode 

in the target group, while for hypotension the ratio was 3 (control group)  vs. 0 in the target group 

(p<0.05). Tachycardia episodes were reported as 5 (control group) vs. 8 (target group), while 

bradycardia 1 (control group) vs. 0 (study group)  

Wu et al have analyzed the impact of multiparametric monitoring based on Entropy (GE Datex-

Ohmeda S/5) on the recovery time and anesthetic drugs consumption in patients undergoing 

orthopedic surgery. This research group has included 68 patients in their analysis, divided into 2 

groups: target group with Entropy monitoring and the control group with classical anesthesia 

monitoring. Sevoflurane consumption was significantly lower in the target group P<0.05), 27.79 ± 7.4 

mL / patient vs. 31.42 ± 6.9 mL / patient. Statistically significant differences have been reported also 

for hemodynamic stability, as the target group presented less hypertensive episodes compared to the 

control, 0.94 ± 1.15 vs 1.48 ± 1.41, P < 0.05. Following this study the research group concluded that 

using Entropy-based multimodal monitoring significantly reduces both sevoflurane consumption 

and the consumption of antihypertensive agents [45].  

The impact of multiparametric monitoring on the anesthetic drugs consumption was proven in 

another study by Tewari et al., in patients undergoing gynecological and obstetrical surgery. They 
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have analyzed 120 patients that were divided into two study groups based on monitoring technique: 

Entropy group vs. classical monitoring of general anesthesia. They have shown that Entropy 

monitoring leads to a reduction of propofol doses (6.7% reduction, p=0.01), but also that the Fentanyl 

doses were 10.9% larger in this group (p=0.07). They did not find any statistically significant 

differences for recovery time and discharge time from PACU [109]. Refaat et al. in their study on the 

impact of Entropy on sevoflurane consumption in major hepatic surgery showed a marked decrease 

in the doses [110]. 

7. Conclusions 

General anesthesia techniques are much more advanced nowadays compared to latter decades, 

in accordance with the surgical needs and with the needs of the general population. Medical services 

tend to become more and more complex, managing to solve a wide range of pathologies in all surgical 

fields. In order to increase both patient safety and medical act quality, as well as to decrease waiting 

times and to be able to answer the needs of an increasing number of patients, the endowment with 

modern multiparametric monitoring techniques for general anesthesia is necessary. In conclusion, 

we can state that by using monitoring techniques for the degree of hypnosis, for the nociception-

antinociception balance, and for the hemodynamic status, patient safety is markedly increased. 

Furthermore, by reducing postoperative recovery times and by reducing anesthetic drugs doses, one 

can highlight the positive impact, both short- and long-term, that multiparametric monitoring has 

from an economic viewpoint.  

Author Contributions: Conceptualization, A.F.R. and D.S.; methodology, D.N.G., M.N., C.M.D. and L.B.P. 

software, O.H.B; validation, D.S. and M.P.; formal analysis, A.M.; investigation, A.F.R.; resources, C.R.B., A.M.; 

data curation, L.M.B.; writing—original draft preparation, A.F.R. and D.T.; writing—review and editing, A.R., 

L.M.B. and C.M.D.; visualization, D.S.; supervision, D.S.; project administration, O.H.B. and M.P.; funding 

acquisition, D.S. and A.F.R.. All authors have read and agreed to the published version of the manuscript. 

Funding: This research received no external funding. 

Conflicts of Interest: The authors declare no conflict of interest. 

References  

1. Dabouz, R.; Davidson, J.; Deloste, J.; Rahali, N.; Zadam, A.; Boselli, E.; Bouvet, L.; Be, G. Prediction of 

immediate postoperative pain using the analgesia / nociception index : a prospective observational study. 

2017, 112, 715–721, doi:10.1093/bja/aet407. 

2. Guerrero, J.L.; Matute, E.; Alsina, E.; Del Blanco, B.; Gilsanz, F. Response entropy changes after noxius 

stimulus. J. Clin. Monit. Comput. 2012, 26, 171–175, doi:10.1007/s10877-012-9351-3. 

3. Lehmann, A.; Schmidt, M.; Zeitler, C.; Kiessling, A.-H.; Isgro, F.; Boldt, J. Bispectral index and 

electroencephalographic entropy in patients undergoing aortocoronary bypass grafting. Eur. J. Anaesthesiol. 

2007, 24, 751–760, doi:10.1017/S0265021506002249. 

4. Health Quality Ontario Bispectral index monitor: an evidence-based analysis. Ont. Health Technol. Assess. 

Ser. 2004, 4, 1–70. 

5. Hebb, M.O.; McArthur, D.L.; Alger, J.; Etchepare, M.; Glenn, T.C.; Bergsneider, M.; Martin, N.; Vespa, P.M. 

Impaired percent alpha variability on continuous electroencephalography is associated with thalamic 

injury and predicts poor long-term outcome after human traumatic brain injury. J Neurotrauma 2007, 24. 

6. Petras, M.; Tatarkova, Z.; Kovalska, M.; Mokra, D.; Dobrota, D.; Lehotsky, J.; Drgova, A. 

Hyperhomocysteinemia as a risk factor for the neuronal system disorders. J. Physiol. Pharmacol. 2014, 65, 

15–23, doi:10.1056/NEJMra1313875. 

7. Sleigh, J.; Harvey, M.; Voss, L.; Denny, B. Ketamine - more mechanisms of action than just NMDA blockade. 

Trends Anaesth. Crit. Care 2014, 4, 76–81, doi:10.1016/j.tacc.2014.03.002. 

8. Abushik, P.A.; Niittykoski, M.; Giniatullina, R.; Shakirzyanova, A.; Bart, G.; Fayuk, D.; Sibarov, D.A.; 

Antonov, S.M.; Giniatullin, R. The role of NMDA and mGluR5 receptors in calcium mobilization and 

neurotoxicity of homocysteine in trigeminal and cortical neurons and glial cells. J. Neurochem. 2014, 129, 

264–274, doi:10.1111/jnc.12615. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 25 January 2021                   doi:10.20944/preprints202011.0657.v2

https://doi.org/10.20944/preprints202011.0657.v2


 14 of 19 

 

9. Dinu, A.R.; Rogobete, A.F.; Popovici, S.E.; Bedreag, O.H.; Papurica, M.; Dumbuleu, C.M.; Velovan, R.R.; 

Toma, D.; Georgescu, C.M.; Trache, L.I.; et al. Impact of general anesthesia guided by state entropy (SE) 

and response entropy (RE) on perioperative stability in elective laparoscopic cholecystectomy patients - A 

prospective observational randomized monocentric study. Entropy 2020, 22, doi:10.3390/e22030356. 

10. Bergmann, I.; Göhner, A.; Crozier, T.A.; Hesjedal, B.; Wiese, C.H.; Popov, A.F.; Bauer, M.; Hinz, J.M. 

Surgical pleth index-guided remifentanil administration reduces remifentanil and propofol consumption 

and shortens recovery times in outpatient anaesthesia. Br. J. Anaesth. 2013, 110, 622–628, 

doi:10.1093/bja/aes426. 

11. Aho, A.J.; Kamata, K.; Jäntti, V.; Kulkas, A.; Hagihira, S.; Huhtala, H.; Yli-Hankala, A. Comparison of 

Bispectral Index and Entropy values with electroencephalogram during surgical anaesthesia with 

sevoflurane. Br. J. Anaesth. 2015, 115, 258–266, doi:10.1093/bja/aev206. 

12. Freye, E.; Levy, J. V. Cerebral monitoring in the operating room and the intensive care unit: An introductory 

for the clinician and a guide for the novice wanting to open a window to the brain; 2005; Vol. 19; ISBN 

1087700507. 

13. Klockars, J.G.M.; Hiller, A.; Münte, S.; Van Gils, M.J.; Taivainen, T. Spectral entropy as a measure of 

hypnosis and hypnotic drug effect of total intravenous anesthesia in children during slow induction and 

maintenance. Anesthesiology 2012, 116, 340–351, doi:10.1097/ALN.0b013e3182410b5e. 

14. Bibian, S.; Dumont, G.A.; Zikov, T. Dynamic behavior of BIS, M-entropy and neuroSENSE brain function 

monitors. J. Clin. Monit. Comput. 2011, 25, 81–87, doi:10.1007/s10877-010-9266-9. 

15. Shortal, B.P.; Hickman, L.B.; Mak-McCully, R.A.; Wang, W.; Brennan, C.; Ung, H.; Litt, B.; Tarnal, V.; Janke, 

E.; Picton, P.; et al. Duration of EEG suppression does not predict recovery time or degree of cognitive 

impairment after general anaesthesia in human volunteers. Br. J. Anaesth. 2019, 123, 206–218, 

doi:10.1016/j.bja.2019.03.046. 

16. Schultz, A.; Siedenberg, M.; Grouven, U.; Kneif, T.; Schultz, B. Comparison of narcotrend index, bispectral 

index, spectral and entropy parameters during induction of propofol-remifentanil anaesthesia. J. Clin. 

Monit. Comput. 2008, 22, 103–111, doi:10.1007/s10877-008-9111-6. 

17. Singh, S.; Bansal, S.; Kumar, G.; Gupta, I.; Thakur, J.R. Entropy as an indicator to measure depth of 

anaesthesia for Laryngeal Mask Airway (LMA) insertion during sevoflurane and propofol anaesthesia. J. 

Clin. Diagnostic Res. 2017, 11, UC01–UC03, doi:10.7860/JCDR/2017/27316.10177. 

18. Iannuzzi, M.; Iannuzzi, E.; Rossi, F.; Berrino, L.; Chiefari, M. Relationship between Bispectral Index , 

electroencephalographic state entropy and effect-site EC 50 for propofol at different clinical endpoints. 

2005, 94, 492–495, doi:10.1093/bja/aei075. 

19. Wildemeersch, D.; Peeters, N.; Saldien, V.; Vercauteren, M.; Hans, G. Pain assessment by pupil dilation 

reflex in response to noxious stimulation in anaesthetized adults. Acta Anaesthesiol. Scand. 2018, 62, 1050–

1056, doi:10.1111/aas.13129. 

20. Kumar, A.; Anand, S. A depth of anaesthesia index from linear regression of EEG parameters. J. Clin. Monit. 

Comput. 2006, 20, 67–73, doi:10.1007/s10877-005-9004-x. 

21. Jagadeesan, N.; Wolfson, M.; Chen, Y.; Willingham, M.; Avidan, M.S. Brain monitoring during general 

anesthesia. Trends Anaesth. Crit. Care 2013, 3, 13–18, doi:10.1016/j.tacc.2012.12.003. 

22. Johansen, J.W.; Sebel, P.S. Development and clinical application electroencephalographic bispectrum 

monitoring. Anesthesiology 2000, 93, 1336–1344, doi:10.1097/00000542-200011000-00029. 

23. Rogobete, A.F.; Bedreag, O.H.; Sandesc, D. Entropy-Guided Depth of Anesthesia in Critically Ill 

Polytrauma Patients. J. Interdiscip. Med. 2017, 2, 7–8, doi:10.1515/jim-2017-0027. 

24. Klockars, J.G.M.; Hiller, A.; Ranta, S.; Talja, P.; Van Gils, M.J.; Taivainen, T. Spectral entropy as a measure 

of hypnosis in children. Anesthesiology 2006, 104, 708–717, doi:10.1097/00000542-200604000-00015. 

25. Cotae, A.; Grinţescu, I.M. Entropy — The Need of an Ally for Depth of Anesthesia Monitoring in 

Emergency Surgery. 2019, 13–15, doi:10.35995/ceacr1010001. 

26. Lonjaret, L.; Lairez, O.; Minville, V.; Geeraerts, T. Optimal perioperative management of arterial blood 

pressure. Integr. Blood Press. Control 2014, 7, 49–59, doi:10.2147/IBPC.S45292. 

27. Südfeld, S.; Brechnitz, S.; Wagner, J.Y.; Reese, P.C.; Pinnschmidt, H.O.; Reuter, D.A.; Saugel, B. Post-

induction hypotension and early intraoperative hypotension associated with general anaesthesia. Br. J. 

Anaesth. 2017, 119, 57–64, doi:10.1093/bja/aex127. 

28. Hoppe, P.; Kouz, K.; Saugel, B. Perioperative hypotension: clinical impact, diagnosis, and therapeutic 

approaches. J. Emerg. Crit. Care Med. 2020, 4, 8–8, doi:10.21037/jeccm.2019.10.12. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 25 January 2021                   doi:10.20944/preprints202011.0657.v2

https://doi.org/10.20944/preprints202011.0657.v2


 15 of 19 

 

29. Barnard, J.P.; Bennett, C.; Voss, L.J.; Sleigh, J.W.; Hospital, W.; Zealand, N. NEUROSCIENCES AND 

NEUROANAESTHESIA Can anaesthetists be taught to interpret the effects of general anaesthesia on the 

electroencephalogram ? Comparison of performance with the BIS and spectral entropy. 2007, 99, 532–537, 

doi:10.1093/bja/aem198. 

30. Chen, S.J.; Peng, C.J.; Chen, Y.C.; Hwang, Y.R.; Lai, Y.S.; Fan, S.Z.; Jen, K.K. Comparison of FFT and 

marginal spectra of EEG using empirical mode decomposition to monitor anesthesia. Comput. Methods 

Programs Biomed. 2016, 137, 77–85, doi:10.1016/j.cmpb.2016.08.024. 

31. Kreuer, S.; Wilhelm, W. The Narcotrend monitor. Best Pract. Res. Clin. Anaesthesiol. 2006, 20, 111–119, 

doi:10.1016/j.bpa.2005.08.010. 

32. Kreuer, S.; Bruhn, J.; Larsen, R.; Bialas, P.; Wilhelm, W. Comparability of Narcotrend TM index and 

bispectral index during propofol anaesthesia. 2004, 93, 235–240, doi:10.1093/bja/aeh182. 

33. Kreuer, S.; Biedler, A.; Larsen, R.; Schoth, S.; Altmann, S.; Wilhelm, W. The Narcotrend--a new EEG 

monitor designed to measure the depth of anaesthesia. A  comparison with bispectral index 

monitoring during propofol-remifentanil-anaesthesia. Anaesthesist 2001, 50, 921–925, 

doi:10.1007/s00101-001-0242-0. 

34. Dennhardt, N.; Arndt, S.; Beck, C.; Boethig, D.; Heiderich, S.; Schultz, B.; Weber, F.; Sümpelmann, R. 

Effect of age on Narcotrend Index monitoring during sevoflurane anesthesia in  children below 2 years 

of age. Paediatr. Anaesth. 2018, 28, 112–119, doi:10.1111/pan.13306. 

35. Dong, X.; Suo, P.; Yuan, X.; Yao, X. Use of auditory evoked potentials for intra-operative awareness in 

anesthesia: a  consciousness-based conceptual model. Cell Biochem. Biophys. 2015, 71, 441–447, 

doi:10.1007/s12013-014-0221-0. 

36. Mantzaridis, H.; Kenny, G.N. Auditory evoked potential index: a quantitative measure of changes in 

auditory  evoked potentials during general anaesthesia. Anaesthesia 1997, 52, 1030–1036, 

doi:10.1111/j.1365-2044.1997.185-az0327.x. 

37. Khan, J.; Mariappan, R.; Venkatraghavan, L. Entropy as an indicator of cerebral perfusion in patients with 

increased intracranial pressure. J. Anaesthesiol. Clin. Pharmacol. 2014, 30, 409, doi:10.4103/0970-9185.137280. 

38. Illman, H.; Antila, H.; Olkkola, K.T. Reversal of neuromuscular blockade by sugammadex does not affect 

EEG derived indices of depth of anesthesia. J. Clin. Monit. Comput. 2010, 24, 371–376, doi:10.1007/s10877-

010-9257-x. 

39. Schartner, M.M.; Carhart-Harris, R.L.; Barrett, A.B.; Seth, A.K.; Muthukumaraswamy, S.D. Increased 

spontaneous MEG signal diversity for psychoactive doses of ketamine, LSD and psilocybin. Sci. Rep. 2017, 

7, 1–12, doi:10.1038/srep46421. 

40. Abdelmageed, W.M.; Al Taher, W.M. Preoperative paracetamol infusion reduces sevoflurane consumption 

during thyroidectomy under general anesthesia with spectral entropy monitoring. Egypt. J. Anaesth. 2014, 

30, 115–122, doi:10.1016/j.egja.2013.12.003. 

41. Tiefenthaler, W.; Colvin, J.; Steger, B.; Pfeiffer, K.P.; Moser, P.L.; Walde, J.; Lorenz, I.H.; Kolbitsch, C. How 

bispectral index compares to spectral entropy of the EEG and A-line ARX index in the same patient. Open 

Med. 2018, 13, 583–596, doi:10.1515/med-2018-0087. 

42. Bergmann, I.; Göhner, A.; Crozier, T.A.; Hesjedal, B.; Wiese, C.H.; Popov, A.F.; Bauer, M.; Hinz, J.M. 

Surgical pleth index-guided remifentanil administration reduces remifentanil and propofol consumption 

and shortens recovery times in outpatient anaesthesia. Br. J. Anaesth. 2013, 110, 622–628, 

doi:10.1093/bja/aes426. 

43. Maksimow, A.; Särkelä, M.; Långsjö, J.W.; Salmi, E.; Kaisti, K.K.; Yli-Hankala, A.; Hinkka-Yli-Salomäki, S.; 

Scheinin, H.; Jääskeläinen, S.K. Increase in high frequency EEG activity explains the poor performance of 

EEG spectral entropy monitor during S-ketamine anesthesia. Clin. Neurophysiol. 2006, 117, 1660–1668, 

doi:10.1016/j.clinph.2006.05.011. 

44. Davidson, A.J.; Huang, G.H.; Rebmann, C.S.; Ellery, C. Performance of entropy and Bispectral Index as 

measures of anaesthesia effect in children of different ages. Br. J. Anaesth. 2005, 95, 674–679, 

doi:10.1093/bja/aei247. 

45. Kim, Y.H.; Choi, W. Effect of preoperative anxiety on spectral entropy during induction with propofol. 

2013, 65, 108–113. 

46. Wu, S.; Wang, P.; Liao, W.; Shih, T.; Chang, K.; Lin, K.; Chou, A. Use of Spectral Entropy Monitoring in 

Reducing the Quantity of Sevoflurane as Sole Inhalational Anesthetic and in Decreasing the Need for 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 25 January 2021                   doi:10.20944/preprints202011.0657.v2

https://doi.org/10.20944/preprints202011.0657.v2


 16 of 19 

 

Antihypertensive Drugs in Total Knee Replacement Surgery. Acta Anaesthesiol. Taiwanica 2008, 46, 106–111, 

doi:10.1016/S1875-4597(08)60003-X. 

47. Vakkuri, A.; Ph, D.; Yli-hankala, A.; Ph, D.; Sandin, R.; Ph, D.; Mustola, S.; Ph, D. Spectral Entropy 

Monitoring Is Associated with Reduced Propofol Use and Faster Emergence in Propofol – Nitrous Oxide – 

Alfentanil Anesthesia. 2005, 0, 274–279. 

48. Talawar, P.; Chhabra, A.; Trikha, A.; Arora, M.K.; Chandralekha Entropy monitoring decreases isoflurane 

concentration and recovery time in pediatric  day care surgery--a randomized controlled trial. Paediatr. 

Anaesth. 2010, 20, 1105–1110, doi:10.1111/j.1460-9592.2010.03441.x. 

49. Elgebaly, A.S.; El Mourad, M.B.; Fathy, S.M. The role of entropy monitoring in reducing propofol 

requirements during open heart  surgeries. A prospective randomized study. Ann. Card. Anaesth. 2020, 23, 

272–276, doi:10.4103/aca.ACA_184_18. 

50. Bhardwaj, N.; Yaddanapudi, S. A randomized trial of propofol consumption and recovery profile with BIS-

guided  anesthesia compared to standard practice in children. Paediatr. Anaesth. 2010, 20, 160–167, 

doi:10.1111/j.1460-9592.2009.03240.x. 

51. Aime, I.; Taylor, G. Does Monitoring Bispectral Index or Spectral Entropy Reduce Sevoflurane Use ? 2006, 

103, doi:10.1213/01.ane.0000246838.93153.23. 

52. Liao, W.-W.; Wang, J.-J.; Wu, G.-J.; Kuo, C.-D. The effect of cerebral monitoring on recovery after 

sevoflurane anesthesia in  ambulatory setting in children: a comparison among bispectral index, A-line 

autoregressive index, and standard practice. J. Chin. Med. Assoc. 2011, 74, 28–36, 

doi:10.1016/j.jcma.2011.01.004. 

53. Weber, F.; Geerts, N.J.E.; Roeleveld, H.G.; Warmenhoven, A.T.; Liebrand, C.A. The predictive value of the 

heart rate variability-derived Analgesia Nociception Index in children anaesthetized with sevoflurane: An 

observational pilot study. Eur. J. Pain (United Kingdom) 2018, 22, 1597–1605, doi:10.1002/ejp.1242. 

54. Lai, R.-C.; Lu, Y.-L.; Huang, W.; Xu, M.-X.; Lai, J.-L.; Xie, J.-D.; Wang, X.-D. [Application of a narcotrend-

assisted anesthesia in-depth monitor in the microwave  coagulation for liver cancer during total 

intravenous anesthesia with propofol and fentanyl]. Chin. J. Cancer 2010, 29, 117–120, 

doi:10.5732/cjc.009.10244. 

55. Rundshagen, I.; Hardt, T.; Cortina, K.; Pragst, F.; Fritzsche, T.; Spies, C. Narcotrend-assisted 

propofol/remifentanil anaesthesia vs clinical practice: Does it make a difference? Br. J. Anaesth. 2007, 99, 

686–693, doi:10.1093/bja/aem231. 

56. Sebel, P.S.; Bowdle, T.A.; Ghoneim, M.M.; Rampil, I.J.; Padilla, R.E.; Gan, T.J.; Domino, K.B. The incidence 

of awareness during anesthesia: A multicenter United States study. Anesth. Analg. 2004, 99, 833–839, 

doi:10.1213/01.ANE.0000130261.90896.6C. 

57. Ekman, A.; Lindholm, M.-L.; Lennmarken, C.; Sandin, R. Reduction in the incidence of awareness using 

BIS monitoring. Acta Anaesthesiol. Scand. 2004, 48, 20–26, doi:10.1111/j.1399-6576.2004.00260.x. 

58. Fiedler, M.O.; Schätzle, E.; Contzen, M.; Gernoth, C.; Weiß, C.; Walter, T.; Viergutz, T.; Kalenka, A. 

Evaluation of Different Positive End-Expiratory Pressures Using SupremeTM Airway Laryngeal Mask 

during Minor Surgical Procedures in Children. Medicina (Kaunas). 2020, 56, 1–9, 

doi:10.3390/medicina56100551. 

59. Bonhomme, V.; Uutela, K.; Hans, G.; Maquoi, I.; Born, J.D.; Brichant, J.F.; Lamy, M.; Hans, P. Comparison 

of the Surgical Pleth IndexTM with haemodynamic variables to assess nociception-anti-nociception balance 

during general anaesthesia. Br. J. Anaesth. 2011, 106, 101–111, doi:10.1093/bja/aeq291. 

60. Boselli, E.; Bouvet, L.; Bégou, G.; Dabouz, R.; Davidson, J.; Deloste, J.Y.; Rahali, N.; Zadam, A.; 

Allaouchiche, B. Prediction of immediate postoperative pain using the analgesia/nociception index: A 

prospective observational study. Br. J. Anaesth. 2014, 112, 715–721, doi:10.1093/bja/aet407. 

61. Ledowski, T.; Ang, B.; Schmarbeck, T.; Rhodes, J. Monitoring of sympathetic tone to assess postoperative 

pain: Skin conductance vs surgical stress index. Anaesthesia 2009, 64, 727–731, doi:10.1111/j.1365-

2044.2008.05834.x. 

62. Nie, F.; Liu, T.; Zhong, L.; Yang, X.; Liu, Y.; Xia, H.; Liu, X.; Wang, X.; Liu, Z.; Zhou, L.I.; et al. MicroRNA-

148b enhances proliferation and apoptosis in human renal cancer cells via directly targeting MAP3K9. 2016, 

83–90, doi:10.3892/mmr.2015.4555. 

63. Jess, G.; Pogatzki-Zahn, E.M.; Zahn, P.K.; Meyer-Frießem, C.H. Monitoring heart rate variability to assess 

experimentally induced pain using the analgesia nociception index. Eur. J. Anaesthesiol. 2016, 33, 118–125, 

doi:10.1097/EJA.0000000000000304. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 25 January 2021                   doi:10.20944/preprints202011.0657.v2

https://doi.org/10.20944/preprints202011.0657.v2


 17 of 19 

 

64. Edry, R.; Recea, V.; Dikust, Y.; Sessler, D.I. Preliminary Intraoperative Validation of the Nociception Level 

Index: A Noninvasive Nociception Monitor. Anesthesiology 2016, 125, 193–203, 

doi:10.1097/ALN.0000000000001130. 

65. Gruenewald, M.; Dempfle, A. Analgesia/nociception monitoring for opioid guidance: Meta-Analysis of 

randomized clinical trials. Minerva Anestesiol. 2017, 83, 200–213, doi:10.23736/S0375-9393.16.11602-5. 

66. Wang, Y.L.; Kong, X.Q.; Ji, F.H. Effect of dexmedetomidine on intraoperative Surgical Pleth Index in 

patients undergoing video-assisted thoracoscopic lung lobectomy. J. Cardiothorac. Surg. 2020, 15, 1–7, 

doi:10.1186/s13019-020-01346-1. 

67. Kim, J.H.; Jwa, E.K.; Choung, Y.; Yeon, H.J.; Kim, S.Y.; Kim, E. Comparison of Pupillometry With Surgical 

Pleth Index Monitoring on Perioperative Opioid Consumption and Nociception During Propofol–

Remifentanil Anesthesia: A Prospective Randomized Controlled Trial. Anesth. Analg. 2020, 131. 

68. Huiku, M.; Uutela, K.; van Gils, M.; Korhonen, I.; Kymalainen, M.; Merilainen, P.; Paloheimo, M.; Rantanen, 

M.; Takala, P.; Viertio-Oja, H.; et al. Assessment of surgical stress during general anaesthesia. Br. J. Anaesth. 

2007, 98, 447–455, doi:10.1093/bja/aem004. 

69. Dostalova, V.; Schreiberova, J.; Bartos, M.; Kukralova, L.; Dostal, P. Surgical pleth index and analgesia 

nociception index for intraoperative analgesia in patients undergoing neurosurgical spinal procedures: A 

comparative randomized study. Minerva Anestesiol. 2019, 85, 1265–1272, doi:10.23736/S0375-9393.19.13765-

0. 

70. Funcke, S.; Saugel, B.; Koch, C.; Schulte, D.; Zajonz, T.; Sander, M.; Gratarola, A.; Ball, L.; Pelosi, P.; Spadaro, 

S.; et al. Individualized, perioperative, hemodynamic goal-directed therapy in major abdominal  surgery 

(iPEGASUS trial): study protocol for a randomized controlled trial. Trials 2018, 19, 273, doi:10.1186/s13063-

018-2620-9. 

71. Jain, N.; Gera, A.; Sharma, B.; Sood, J.; Chugh, P. Comparison of Surgical Pleth Index-guided analgesia 

using fentanyl versus conventional analgesia technique in laparoscopic cholecystectomy. Minerva 

Anestesiol. 2019, 85, 358–365, doi:10.23736/S0375-9393.18.12954-3. 

72. Won, Y.J.; Lim, B.G.; Lee, S.H.; Park, S.; Kim, H.; Lee, I.O.; Kong, M.H. Comparison of relative oxycodone 

consumption in surgical pleth index-guided analgesia versus conventional analgesia during sevoflurane 

anesthesia. Medicine (Baltimore). 2016, 95, e4743, doi:10.1097/MD.0000000000004743. 

73. Chen, X.; Thee, C.; Gruenewald, M.; Ilies, C.; Höcker, J.; Hanss, R.; Steinfath, M.; Bein, B. Correlation of 

Surgical Pleth Index with Stress Hormones during Propofol-Remifentanil Anaesthesia. Sci. World J. 2012, 

2012, 1–8, doi:10.1100/2012/879158. 

74. Theerth, K.A.; Sriganesh, K.; Reddy, K.M.; Chakrabarti, D.; Umamaheswara Rao, G.S. Analgesia 

Nociception Index-guided intraoperative fentanyl consumption and postoperative analgesia in patients 

receiving scalp block versus incision-site infiltration for craniotomy. Minerva Anestesiol. 2018, 84, 1361–1368, 

doi:10.23736/S0375-9393.18.12837-9. 

75. Soral, M.; Altun, G.T.; Dinçer, P.Ç.; Arslantaş, M.K.; Aykaç, Z. Effectiveness of the analgesia nociception 

index monitoring in patients who undergo colonoscopy with sedo-analgesia. Turkish J. Anaesthesiol. Reanim. 

2020, 48, 50–57, doi:10.5152/TJAR.2019.45077. 

76. Gall, O.; Champigneulle, B.; Schweitzer, B.; Deram, T.; Maupain, O.; Montmayeur Verchere, J.; Orliaguet, 

G. Postoperative pain assessment in children: A pilot study of the usefulness of the analgesia nociception 

index. Br. J. Anaesth. 2015, 115, 890–895, doi:10.1093/bja/aev361. 

77. JENSEN, E.W.; VALENCIA, J.F.; LÓPEZ, A.; ANGLADA, T.; AGUSTÍ, M.; RAMOS, Y.; SERRA, R.; JOSPIN, 

M.; PINEDA, P.; GAMBUS, P. Monitoring hypnotic effect and nociception with two EEG-derived indices, 

qCON and qNOX, during general anaesthesia. Acta Anaesthesiol. Scand. 2014, 58, 933–941, 

doi:https://doi.org/10.1111/aas.12359. 

78. Reich, D.L.; Hossain, S.; Krol, M.; Baez, B.; Patel, P.; Bernstein, A.; Bodian, C.A. Predictors of hypotension 

after induction of general anesthesia. Anesth. Analg. 2005, 101, 622–8, table of contents, 

doi:10.1213/01.ANE.0000175214.38450.91. 

79. Hug, C.C.J.; McLeskey, C.H.; Nahrwold, M.L.; Roizen, M.F.; Stanley, T.H.; Thisted, R.A.; Walawander, 

C.A.; White, P.F.; Apfelbaum, J.L.; Grasela, T.H. Hemodynamic effects of propofol: data from over 25,000 

patients. Anesth. Analg. 1993, 77, S21-9. 

80. Thwaites, A.; Edmends, S.; Smith, I. Inhalation induction with sevoflurane: a double-blind comparison with 

propofol. Br. J. Anaesth. 1997, 78, 356–361, doi:10.1093/bja/78.4.356. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 25 January 2021                   doi:10.20944/preprints202011.0657.v2

https://doi.org/10.20944/preprints202011.0657.v2


 18 of 19 

 

81. Liu, T.J.; Zhang, J.C.; Gao, X.Z.; Tan, Z. Bin; Wang, J.J.; Zhang, P.P.; Cheng, A. Bin; Zhang, S.B. Effect of 

sevoflurane on the ATPase activity of hippocampal neurons in a rat model of cerebral ischemia-reperfusion 

injury via the cAMP-PKA signaling pathway. Kaohsiung J. Med. Sci. 2018, 34, 22–33, 

doi:10.1016/j.kjms.2017.09.004. 

82. Bijker, J.B.; Van Klei, W.A.; Kappen, T.H.; Van Wolfswinkel, L.; Moons, K.G.M.; Kalkman, C.J. Incidence of 

intraoperative hypotension as a function of the chosen definition: Literature definitions applied to a 

retrospective cohort using automated data collection. Anesthesiology 2007, 107, 213–220, 

doi:10.1097/01.anes.0000270724.40897.8e. 

83. Chang, H.S.; Hongo, K.; Nakagawa, H. Adverse effects of limited hypotensive anesthesia on the outcome 

of patients with subarachnoid hemorrhage. J. Neurosurg. 2000, 92, 971–975, doi:10.3171/jns.2000.92.6.0971. 

84. Monk, T.G. Processed EEG and patient outcome. Best Pract. Res. Clin. Anaesthesiol. 2006, 20, 221–228, 

doi:10.1016/j.bpa.2005.10.004. 

85. Wesselink, E.M.; Kappen, T.H.; Torn, H.M.; Slooter, A.J.C.; van Klei, W.A. Intraoperative hypotension and 

the risk of postoperative adverse outcomes: a systematic review. Br. J. Anaesth. 2018, 121, 706–721, 

doi:10.1016/j.bja.2018.04.036. 

86. Ristovic, V.; de Roock, S.; Mesana, T.; van Diepen, S.; Sun, L. The Impact of Preoperative Risk on the 

Association between Hypotension and Mortality after Cardiac Surgery: An Observational Study. J. Clin. 

Med. 2020, 9, 2057, doi:10.3390/jcm9072057. 

87. Walsh, M.; Kurz, A.; Turan, A.; Rodseth, R.N.; Cywinski, J.; Thabane, L.; Ph, D.; Sessler, D.I. Relationship 

between Intraoperative Mean. Anesthesiology 2013, 119, 507–515. 

88. Bedreag, O.H.; Sandesc, D.; Chiriac, S.D.; Rogobete, A.F.; Cradigati, A.C.; Sarandan, M.; Dumache, R.; 

Nartita, R.; Papurica, M. The Use of Circulating miRNAs as Biomarkers for Oxidative Stress in Critically Ill 

Polytrauma Patients. Clin. Lab. 2016, 62, 263–274, doi:10.7754/Clin.Lab.2015.150740. 

89. Bratu, L.M.; Rogobete, A.F.; Sandesc, D.; Bedreag, O.H.; Tanasescu, S.; Nitu, R.; Popovici, S.E.; Crainiceanu, 

Z.P. The Use of Redox Expression and Associated Molecular Damage to Evaluate the Inflammatory 

Response in Critically Ill Patient with Severe Burn. Biochem. Genet. 2016, 54, doi:10.1007/s10528-016-9763-8. 

90. Bedreag, O.H.; Rogobete, A.F.; Sandesc, D.; Cradigati, C.A.; Sarandan, M.; Popovici, S.E.; Dumache, R.; 

Horhat, F.G.; Vernic, C.; Sima, L. V; et al. Modulation of the Redox Expression and Inflammation Response 

in the Critically Ill Polytrauma Patient with Thoracic Injury. Statistical Correlations between Antioxidant 

Therapy. Clin. Lab. 2016, 62, 1747–1759, doi:10.7754/Clin.Lab.2016.160206. 

91. Papurica, M.; Rogobete, A.F.; Sandesc, D.; Dumache, R.; Nartita, R.; Sarandan, M.; Cradigati, A.C.; Luca, 

L.; Vernic, C.; Bedreag, O.H. Redox Changes Induced by General Anesthesia in Critically Ill Patients with 

Multiple Traumas. Mol. Biol. Int. 2015, 2015, 238586, doi:10.1155/2015/238586. 

92. Dinu, A.R.; Rogobete, A.F.; Bratu, T.; Popovici, S.E.; Bedreag, O.H.; Papurica, M.; Bratu, L.M.; Sandesc, D. 

Cannabis Sativa Revisited — Crosstalk between Stress , and Endocannabinoid Response System in. 1–23. 

93. Nunes, R.R.; Nora, F.S.; Maia, D.; Dumaresq, H.; Maria, R.; Cavalcante, A.; Costa, A.A.; Moreira, L.; 

Carneiro, M.; Cesar, J.; et al. Influence of Total Intravenous Anesthesia , Entropy and Laparoscopy on 

Oxidative Stress. Brazilian J. Anesthesiol. 2012, 62, 484–501, doi:10.1016/S0034-7094(12)70147-2. 

94. Gruber, J.; Fong, S.; Chen, C.; Yoong, S.; Pastorin, G.; Schaffer, S.; Cheah, I.; Halliwell, B. Mitochondria-

targeted antioxidants and metabolic modulators as pharmacological interventions to slow ageing. 

Biotechnol. Adv. 2013, 31, 563–592, doi:10.1016/j.biotechadv.2012.09.005. 

95. Lipina, C.; Hundal, H.S. Modulation of cellular redox homeostasis by the endocannabinoid system. 2016. 

96. Heyland, D.K.; Dhaliwal, R.; Suchner, U.; Berger, M.M. Antioxidant nutrients: a systematic review of trace 

elements and vitamins in the critically ill patient. Intensive Care Med. 2005, 31, 327–337, doi:10.1007/s00134-

004-2522-z. 

97. Sailaja Rao, P.; Kalva, S.; Yerramilli, A.; Mamidi, S. Free Radicals and Tissue Damage: Role of Antioxidants. 

Free Radicals Antioxidants 2011, 1, 2–7, doi:10.5530/ax.2011.4.2. 

98. Hagar, H.H. An insight into the possible protective effect of pyrrolidine dithiocarbamate against 

lipopolysaccharide-induced oxidative stress and acute hepatic injury in rats. Saudi Pharm. J. 2009, 17, 259–

267, doi:10.1016/j.jsps.2009.10.001. 

99. Sorato, E.; Menazza, S.; Zulian, A.; Sabatelli, P.; Gualandi, F.; Merlini, L.; Bonaldo, P.; Canton, M.; Bernardi, 

P.; Di Lisa, F. Monoamine oxidase inhibition prevents mitochondrial dysfunction and apoptosis in 

myoblasts from patients with collagen VI myopathies. Free Radic. Biol. Med. 2014, 75, 40–47, 

doi:10.1016/j.freeradbiomed.2014.07.006. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 25 January 2021                   doi:10.20944/preprints202011.0657.v2

https://doi.org/10.20944/preprints202011.0657.v2


 19 of 19 

 

100. Horhat, F.G.; Rogobete, A.F.; Papurica, M.; Sandesc, D.; Tanasescu, S.; Dumitrascu, V.; Licker, M.; Nitu, R.; 

Cradigati, C.A.; Sarandan, M.; et al. The Use of Lipid Peroxidation Expression as a Biomarker for the 

Molecular Damage in the Critically Ill Polytrauma Patient. 2016, 1–7, doi:10.7754/Clin.Lab.2016.160306. 

101. Moise, A.; Balescu-arion, C. Central European Annals of Clinical Research The Vitamin D and the Immune 

System . When ? Why ? How ? 2020, 2, 1–9, doi:10.35995/ceacr2010001. 

102. Georgescu, D.; Reisz, D.; Petre, I.; Ionita, I. Ischemic Stroke Secondary to Cerebral Venous Thrombosis : A 

Case Report. 2019, 1–7, doi:10.35995/ceacr1010007. 

103. Timar, C.; Negrău, M.; Pantiș, C.; Daina, C.; Stanciu, S.-D.; Hodoșan, V.; Cotrău, P. Septic Shock with 

Chlamydia Pneumoniae Secondary to Prostatic Abscess: A Rare Case Report. Cent. Eur. Ann. Clin. Res. 2019, 

1, 1, doi:10.35995/ceacr1010004. 

104. Papurica, M.; Rogobete, A.F.; Sandesc, D.; Dumache, R.; Cradigati, C.A.; Sarandan, M.; Nartita, R.; 

Popovici, S.E.; Bedreag, O.H. Advances in biomarkers in critical ill polytrauma patients. Clin. Lab. 2016, 62, 

977–986, doi:10.7754/Clin.Lab.2015.151103. 

105. Ferrari, R.S.; Andrade, C.F. Oxidative Stress and Lung Ischemia-Reperfusion Injury. 2015, 2015. 

106. Costa Paes, E.R. da; Braz, M.G.; Lima, J.T. de; Gomes da Silva, M.R.; Bentes de Sousa, L.; Lima, E.S.; 

Carvalho de Vasconcellos, M.; Cerqueira Braz, J.R. DNA damage and antioxidant status in medical 

residents occupationally exposed to  waste anesthetic gases. Acta Cir. Bras. 2014, 29, 280–286, 

doi:10.1590/s0102-86502014000400010. 

107. Gan, T.J.; Diemunsch, P.; Habib, A.S.; Kovac, A.; Kranke, P.; Meyer, T.A.; Watcha, M.; Chung, F.; Angus, 

S.; Apfel, C.C.; et al. Consensus guidelines for the management of postoperative nausea and vomiting. 

Anesth. Analg. 2014, 118, 85–113, doi:10.1213/ANE.0000000000000002. 

108. Song, D.; Hamza, M.; White, P.F.; Klein, K.; Recart, A.; Khodaparast, O. The pharmacodynamic effects of a 

lower-lipid emulsion of propofol: a comparison with  the standard propofol emulsion. Anesth. Analg. 2004, 

98, 687–91, table of contents, doi:10.1213/01.ane.0000103184.36451.d7. 

109. El Hor, T.; Van Der Linden, P.; De Hert, S.; Melot, C.; Bidgoli, J. Impact of entropy monitoring on volatile 

anesthetic uptake. Anesthesiology 2013, 118, 868–873, doi:10.1097/ALN.0b013e3182850c36. 

110. Tewari, S.; Bhadoria, P.; Wadhawan, S.; Prasad, S.; Kohli, A. Entropy vs standard clinical monitoring using 

total intravenous anesthesia during transvaginal oocyte retrieval in patients for in vitro fertilization. J. Clin. 

Anesth. 2016, 34, 105–112, doi:10.1016/j.jclinane.2016.02.029. 

111. Refaat, E.K.; Yassein, T.E. Reduced sevoflurane consumption in cirrhotic compared to non-cirrhotic 

patients undergoing major hepatic surgery: During entropy monitored general anesthesia. Egypt. J. Anaesth. 

2013, 29, 61–65, doi:10.1016/j.egja.2012.07.006. 

 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 25 January 2021                   doi:10.20944/preprints202011.0657.v2

https://doi.org/10.20944/preprints202011.0657.v2

