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Abstract: Effective perioperative pain management is essential for accelerating patient recovery and minimizing adverse events,
in which sensitive and reliable pain monitoring plays an indispensable role. The index of consciousness (IOC) derived from
electroencephalogram signal is an emerging index for monitoring the depth of anesthesia, and has been progressively applied
during general anesthesia. The 10C2 is used for the monitoring of the degree of analgesia, and can be used as a pain
management monitoring index in a variety of surgical types to evaluate the analgesic effect, guide the rational use of analgesic
drugs, and reduce perioperative-related adverse events, and it has good advantages and application prospects in the clinic. The
purpose of this paper is to summarize the basic principle, current status of clinical research, advantages and disadvantages of
IOC2, and to make a simple comparison with other analgesic monitoring, so as to provide a reliable basis for the clinical

application of |I0C2.
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Pain is defined as “a localized or generalized
unpleasant bodily sensation or complex of sensations
that causes mild to severe physical discomfort and
emotional distress and typically results from bodily
disorder (such as injury or disease)”, including the
patient's subjective perception of pain while conscious
and objective responses to noxious stimuli during
unconsciousness [1]. Currently, general anesthesia
monitors anesthesia depth using indicators such as the
bispectral index (BIS), entropy, Narcotrend index, etc.,
but these technologies primarily monitor changes in
sedation depth and are not sensitive to the degree of
analgesia [2-3]. Inadequate analgesia during general
anesthesia can lead to strong autonomic responses in
patients, even resulting in cardiovascular accidents;
excessive analgesia can cause delayed recovery,
respiratory depression, and potential harm to the
immune system [4]. Historically, anesthesiologists have
relied on empirical assessment of analgesic efficacy
based on vital signs such as heart rate and blood
pressure, but due to individual differences in pain
sensitivity, this approach lacks precision. Therefore,
effective and precise monitoring of analgesia during
surgery is currently a critical issue in clinical anesthesia
practice. In recent years, a new pain assessment index—

Index of Consciousness 2 (I0C2)—has gained attention.

I0C2 digitizes the analgesic effect for objective
evaluation of pain in patients under general anesthesia,
optimizing analgesic drug dosages to improve patient
outcomes, demonstrating significant effectiveness in
pain management. This review aims to summarize
recent advances in clinical applications and research

related to IOC2, comparing it with other techniques for
monitoring analgesia in clinical practice.

1 Concept and Calculation Principles of IOC2

I0C2 is an index evaluating nociceptive/antinoci-
ceptive stimuli, derived from electroencephalogram
(EEG) signals. 10C2 wuses adaptive neuro-fuzzy
inference systems and nonlinear analysis to process
EEG signals in the frequency range of 0.5-42 Hz,
separating linear and nonlinear components to reduce
electromyographic interference. Symbolic dynamics are
employed to convert the EEG time series into symbolic
sequences, and burst suppression ratio parameters are
used in fuzzy inference to compute the consciousness
index (IOC1). Previous research indicated nociceptive
stimuli could induce 6 wave activity [5], and studies in
mice showed aging increases 6 waves as the dominant
EEG waveform, with increased 6 wave amplitudes
correlating positively with pain intensity [6-7].
Additionally, insufficient opioid drugs can induce 6
wave arousal, with & band power increase (0.5-4 Hz)
also related to nociceptive stimuli [8]. IOC2 measures 0
and & wave amplitudes, incorporating first-order
differentials, wave morphology, and harmonics,
combining results from IOC1 for final numerical
assessment.

Common monitoring devices include the Wellanest
Angel-6000D multi-parameter monitor and Quantium
Medical gqCON2000 monitor. [IOC2 scores range from 0
to 99, with scores between 30 and 50 indicating
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appropriate general anesthesia depth; scores from 50 to
99 suggest inadequate intraoperative analgesia, while
scores from 0 to 30 indicate excessive analgesia.

2 Clinical Applications of IOC2

2.1 Application in Total Intravenous Anesthesia
(TIVA)

2.1.1 Guiding Endotracheal Intubation

There are individual differences in the onset and
peak effects of analgesic drugs, and performing
endotracheal intubation before adequate analgesic effect
is achieved can lead to strong stress responses. Birendra
[9] studied using IOC2 values to guide endotracheal
intubation, finding that administering 0.6~0.7 pg/kg
sufentanil compared to 0.5 pg/kg effectively controlled
intubation stress for double-lumen endotracheal
intubation. Sheng et al. [10] found that administering
0.4 pg/kg sufentanil maintained I0C2 values at 42+8,
effectively suppressing intubation responses. These
trials suggest different doses of opioid drugs may affect
nociceptive responses to endotracheal intubation
differently, possibly due to the greater irritability of
double-lumen endotracheal tubes compared to single-
lumen tubes, necessitating more balanced analgesic
medication to balance nociceptive-antinociceptive
responses. In addition to endotracheal tubes, Melia et al.
[11] suggested IOC2 has predictive value for
supraglottic airway devices as well.

2.1.2 Movement prevention during surgery

Painful stimuli during surgery can cause patient
movement, which not only affects the surgeon's
operation but also triggers adverse events. Jensen et al.
[12] pointed out that under the same depth of anesthesia,
IOC2 could predict whether patients will exhibit
movements in response to noxious stimuli. Li et al. [13]
suggested that when noxious stimuli occur, [OC2 could
predict movement with a receiver operating
characteristic (ROC) curve area under the curve (AUC)
value of 0.827, effectively evaluating analgesic levels.

2.1.3 Guiding intraoperative analgesic medication

Multiple studies have found that compared to
empirical use of remifentanil, maintaining IOC2
between 30-50 by adjusting the target concentration of
remifentanil significantly reduces its dosage (P<0.01),
while ensuring more stable patient vital signs [14-16].
Wu et al. [17] found that IOC2 monitoring increased the
frequency and average dose of intraoperative
remifentanil adjustments (P=0.003), but significantly
reduced the incidence of intraoperative adverse events,

consistent with the findings of Wei et al. [18] in their
study on laparoscopic ovarian cystectomy. Currently,
there is no definitive conclusion on whether IOC2 can
reduce the perioperative dosage of medication A,
requiring further research with expanded sample sizes.

2.1.4 Mitigating significant intraoperative stress
hormone and blood glucose fluctuations

Surgery and anesthesia activate the patient's stress
response system, leading to fluctuations in hormones
(cortisol, prolactin, etc.) and interleukins (IL), causing
metabolic disorders, increased postoperative infection
rates, and even cardiovascular and cerebrovascular
damage. Zhao et al. [19] found that maintaining IOC2
at 35-45 was optimal for analgesic depth during
laparoscopic colorectal surgery, and controlling IOC2 at
higher levels within the range of 30-50 could alleviate
anesthesia-induced endocrine suppression (P=0.009),
promoting anesthesia recovery. Besides, I0C2-guided
perioperative medication significantly reduced blood
glucose fluctuations (P=0.001) [17]. IOC2 monitoring
technology effectively alleviates target organ damage
caused by insulin resistance or hyperinsulinemia,
demonstrating its clinical utility.

2.1.5 Reducing postoperative complications and
accelerate patient recovery

Opioids, as the core of perioperative analgesics,
are the cornerstone of stress response inhibition and
effective postoperative analgesia, but their various
adverse reactions should not be underestimated. How to
prevent or alleviate adverse reactions caused by opioid
drugs is a hot topic of concern for clinical doctors and
also one of the concepts of enhanced recovery after
surgery (ERAS). Multiple studies have reported that
I0C2 guided perioperative analgesic medication could
accelerate postoperative gastrointestinal function
recovery, reduce the incidence of intestinal dysfunction,
significantly reduce postoperative nausea and vomiting
(PONV), effectively alleviate postoperative organ pain,
and improve patient comfort [18-20]. Feng et al. [21]
optimized pain management based on IOC2 in anterior
cervical decompression and fusion surgery, shortening
the time for the patient's first anal exhaust and first meal
after surgery, and also verifying the effectiveness of
IOC2 in perioperative stress management. Huang et al.
[22] used the QoR-15 scale in cerebral microvascular
decompression  surgery to evaluate patients'
physiological comfort, emotional state, psychological
support, pain perception, and physiological
independence. They found that the IOC2 group had a
higher total QoR-15 score on postoperative day 3,
indicating that IOC2 could alleviate patients'
psychological stress and improve the quality of early
recovery.
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2.2 Application of Compound Anesthesia

Liu et al. [23] found in their study on adult
combined anesthesia that, the IOC2 value significantly
decreased after 5 minutes of sevoflurane inhalation, and
there was a highly positive correlation between
sevoflurane inhalation and 10C2 (P<0.01). Related
studies have also confirmed the reliability of IOC2 in
pediatric sevoflurane anesthesia [24], suggesting that
the combination of sevoflurane and propofol could
inhibit nociceptive stimuli better and effectively reduce
intraoperative stress reactions. Pan et al. [25] applied
IOC2 in partial hepatectomy and pointed out that
general anesthesia combined with epidural block has
better analgesic effect, further confirming the clinical
advantages of multimodal analgesia; Wang et al. [26]
used IOC2 continuous monitoring and digital recording
of peripheral nerve block patients' analgesic levels
during knee fracture surgery. By comparing the ratio of
dexmedetomidine and midazolam reaching the 10C2
target threshold (IOC2<90) and evaluating their
analgesic effects in real-time based on IOC2, new ideas
were provided for the use of dexmedetomidine as an
adjuvant analgesic during the perioperative period. In
addition, IOC2 plays an important role in evaluating the
analgesic effect of classical and modified ultrasound-
guided thoracolumbar fascial plane (TLIP) block in
posterior lumbar decompression and stabilization
surgery [27]. IOC2 is applied to evaluate the analgesic
effect in compound anesthesia, optimize multi-mode
analgesic schemes, better meet the needs of surgical
anesthesia, and increase the safety and controllability of
anesthesia.

2.3 Application of Anesthesia in Special Surgery

Under low temperature conditions, due to the slow
physiological metabolism of patients and the delayed
action time of opioid drugs, it is more likely to lead to
various adverse reactions. Liu et al. [28] reported in
their research on coronary artery bypass grafting that
due to the increased analgesic effect of low temperature,
I0C2 was positively correlated with body temperature,
effectively reflecting the intensity of analgesia and
providing real-time guidance for the rational use of
analgesic drugs. This has opened up a new perspective
for monitoring analgesia in such special surgical
anesthesia and brought important breakthroughs in pain
management in high-risk hypothermia surgeries.

2.4 Application of Anesthesia in Outpatient and
Daytime Surgery

Liu etal. [29] found in a painless gastroscopy study
that the IOC2 value was negatively correlated with the

dose of remifentanil, with a correlation coefficient of -
0.297. By adjusting the drug dosage and controlling

I0C2 within the range of 30-50, the patient's recovery
time can be shortened and postoperative pain can be
reduced. In studies involving multiple types of
gynecological short surgeries (painless abortion, staged
curettage, conization, etc.), Duan ef al. [30] found that
remifentanil at a dose of 0.4 p g/kg and sufentanil at a
dose of 0.12 p g/kg could achieve sufficient analgesic
effects in short surgeries, that is, both can maintain
10C2 values at 30-50 during surgery. But it is generally
believed that the analgesic efficacy ratio of remifentanil
and sufentanil is 1:10, which means that the equivalent
dose of remifentanil is calculated to be 1.2 pg/kg, but
the actual dose used is 0.4 ug/kg, which can achieve
sufficient analgesic effect. [OC2 compares the analgesic
efficacy of different analgesics, selects the more suitable
analgesic, regulates the dosage of opioid drugs
reasonably, reduces postoperative dizziness and PONV
incidence, and benefits patients.

3 10C2 and Other Pain Monitoring Technologies

Various pain monitoring methods have to some
extent reflected the degree of nociception. However,
due to their relatively late development and limited
clinical application, there is currently a lack of
corresponding "gold standard". Nevertheless, precise
pain monitoring remains a pressing issue in clinical
anesthesia. Here introduces some commonly used pain
monitoring techniques in clinical anesthesia for
reference in the application of clinical analgesia
technology.

3.1 10C2 and Analgesia Nociception Index (ANI)

Unlike IOC2 based on EEG signals, ANI evaluates
sympathetic nervous system tension by analyzing real-
time changes in heart rate variability (HRV) affecting
respiratory sinus arrhythmia, to assess the level of
nociceptive stimuli and analgesia during general
anesthesia [31]. Studies by Sabourdin et al [32]
indicated that ANI wad more sensitive in reflecting pain
stimuli compared to hemodynamic parameters.
Additionally, ANI can predict postoperative pain levels
[33]. However, ANI has limitations: its parameters only
reflect lung expansion recorded by pulmonary stretch
receptors [34]. When patients are intubated and in a
state of apnea, there is no stimulation of pulmonary
stretch receptors, rendering ANI values typically
uninformative. Compared to IOC2, ANI is susceptible
to various autonomic nervous tension and heart rate
changes, such as arrhythmias or the use of vasoactive
drugs affecting sympathetic nerves, which may affect
the accuracy of pain assessment.

3.2 10C2 and Skin Conductance (SC)

SC reflects the degree of perioperative nociceptive
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stimuli and analgesia levels by evaluating the activation
of peripheral sympathetic nerves. SC measurement is
straightforward and effectively reflects the extent of
nociceptive stimuli during general anesthesia [1].
Moreover, multiple studies indicated that SC could
serve as a sensitive pain monitoring tool in critically ill
infants, children, and adults [35]. However, SC
measurements exhibit high individual variability,
requiring researchers to observe continuous changes in
SC values within the same patient, rather than relying
on a single value to assess pain levels. Additionally, as
an index of sympathetic nervous tension, SC is more
susceptible to environmental factors such as ambient
temperature and skin humidity compared to IOC2.

3.3 10C2 and Pupil Distance (PD)

PD is the result of the coordination between the
sympathetic and parasympathetic nervous systems and
can be used as a pain assessment indicator. There are
research reports that PD can effectively evaluate the
degree of postoperative pain in patients and reduce the
incidence of chronic pain [36]. However, Ledowski et
al. [37] found no correlation between IOC2 and
postoperative acute pain. In addition, Guglielminotti et
al. [38] found that changes in PD also could be used to
evaluate the level of uterine contractions and pain relief
in obstetric patients. But PD monitoring also has
shortcomings. For example, unlike IOC2 which can
continuously and dynamically monitor, PD is not easy
to track changes in pain; Environmental lighting, eye
diseases, and drugs that affect the autonomic nervous
system can also interfere with PD, affecting the
accuracy of assessment.

3.4 10C2 and surgical plethysmography index (SPI)

SPI is a multivariate index obtained by collecting
the amplitude and frequency of photoplethysmography
pulses using a blood oxygen saturation probe, and
combining the two to calculate them [39]. Struys et al.
[40] reported a significant correlation between SPI
values and remifentanil effect concentrations. One
major advantage of SPI as an analgesic monitoring tool
is that it is not affected by the concentration of propofol,
which is different from the IOC2 calculated based on
monitoring sedation IOC1. However, changes in patient
position, volume, and the use of vasoactive drugs can
affect the reliability of SPI monitoring [41], which still
requires careful evaluation in clinical practice.

4 Limitations of 10C2

(1) When placing the electrode patch of I0C2,
facial areas need to be cleaned of grease to enhance skin
conductivity. This poses difficulties for patients with
facial injuries or those undergoing head and facial

surgeries. Additionally, electrical signals from devices
like electrosurgical units during surgery may interfere
with IOC2 signal acquisition [42], affecting the
precision of pain assessment.

(2) The premise of IOC2 monitoring requires
adequate sedation, and its values are derived based on
IOC1. Therefore, I0OC2 values are significantly
influenced by IOC1, and both must be monitored
concurrently. In the induction phase of anesthesia, as the
dose of anesthetic increases, IOC1 decreases faster than
I0C2, indicating a potential time delay in I0C2
reflecting changes in analgesic state [11].

(3) IOC2 is a pain monitoring index based on EEG
signals. Factors such as muscle relaxants, vasoactive
drugs affecting central excitation, age, and body
temperature can influence EEG activity [43].
Additionally, diseases causing abnormal EEG activity
such as epilepsy may also affect the accuracy of I0C2
values.

5 Summary and Outlook

IOC2 monitoring reflects the sensitivity of
unconscious patients to nociceptive stimuli. It offers
advantages such as non-invasiveness, real-time
continuous monitoring, and quantification. It has
significant application value in guiding endotracheal
intubation, predicting hemodynamic changes, adjusting
opioid doses rationally, optimizing multimodal
analgesia regimens, reducing postoperative
complications, and monitoring the effectiveness of
perioperative analgesia in hypothermic surgery. It is
particularly ~ valuable  for  patients requiring
individualized adjustment of anesthetic drug doses,
such as infants, elderly, and critically ill patients. With
the development of the concept of '"precision
anesthesia" and further clinical research, specific
quantification monitoring indicators for analgesic levels
have extremely important implications for personalized
precision medicine. IOC2 holds great potential in
perioperative pain management. Large sample sizes,
diverse surgical types, various patient populations, and
deeper mechanistic research are necessary in future
clinical work and scientific experiments to further
confirm the reliability and sensitivity of I0C2 and
explore broader clinical applications.
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Abstract; Effective perioperative pain management is essential for accelerating recovery and minimizing adverse events, in which
sensitive and reliable pain monitoring plays an indispensable role. The index of consciousness (IoC) derived from electroencephalogram
signal is an emerging index for monitoring the depth of anesthesia, and has been progressively applied during general anesthesia. The
[0C2, is used for the monitoring of the degree of analgesia, and can be used as a pain management monitoring index in a variety of
surgical types to evaluate the analgesic effect, guiding the rational use of analgesic drugs, and reducing perioperative-related adverse

events. I it has good advantages and application prospects in the clinic. The purpose of this paper is to summarize the basic principle,

current status of clinical research, advantages and disadvantages of IoC2, and to make a simple comparison with other analgesic

monitoring, so as to provide a reliable basis for the clinical application of ToC2.
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