Li et al. BMC Anesthesiology (2025) 25:78 BMC An esthesio|ogy
https://doi.org/10.1186/512871-025-02932-3

Check for
updates

Photoplethysmography parameters
in monitoring nociception during general
anesthesia

Hua Li'", Yingying Tang?', Xiaoping Chen? Mengge Zhang?, Feng Jiang®, Fangfang Zhu?, Linghua Xie?, Hui Wu?,
Qi Xu?, Qing Chen?, Shulan Xie?, Ange Dai’ and Xinzhong Chen?"

Abstract

Background Validated monitoring methods for evaluating the balance of nociception and anti-nociception (BNAN)
are needed in general anesthesia. This study assessed six photoplethysmography (PPG) parameters, computed from
finger photoplethysmographic waveforms in patients undergoing gynecological surgery under general anesthesia.

Methods A total of 20 participants were included, each undergoing general anesthesia with propofol and
remifentanil. The same concentration of remifentanil was maintained throughout the experiment, four different
intensities of electrical stimulation were administered, and the patient’s fingertip PPG was meticulously recorded. PPG
data were preprocessed to extract six PPG morphological parameters, and photoplethysmographic amplitude (PPGA),
pulse beat interval (PBI), and surgical pleth index (SPI). Receiver operating characteristic (ROC) curves and the Area
Under the Curve (AUC) were constructed and calculated to accurately measure its ability to reflect the nociceptive
stimulus state. The consistency of different phase parameters at different stimulus intensities was evaluated by
calculating the prediction probabilities. All results were compared with those obtained using SPI, PPGA, and PBI.

Results After stimulation, all parameters and SPI showed significant changes compared with those before
stimulation (p=0.000). The catacrotic phase parameters (AC and MHC) showed higher discrimination in adequate
analgesia and congruence with electrical stimulation intensity than the overall phase parameters, PPGA, and anacrotic
phase parameters (AC: AUC=0.851, Pk=0.800; MHC: AUC=0.837, Pk=0.792).

Conclusions In this study, six PPG morphological parameters were proposed and observed for the first time to
effectively distinguish the occurrence of nociception. Compared with the overall phase parameters, PPGA, and
anacrotic phase parameters, catacrotic phase parameters were more capable of characterizing noxious stimuli and
more consistent with changes in electrical stimulation intensity.
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Background

Under general anesthesia (GA), pain is redefined as noci-
ception, the physiological response to noxious stimuli,
because patients are unconscious and unable to perceive
pain [1, 2]. The balance of nociception and anti-nocicep-
tion (BNAN) reflects the interaction between noxious
input and the body’s counteracting mechanisms, making
its monitoring essential for optimizing analgesia.

Effective BNAN monitoring is crucial for ensuring
optimal pain management while minimizing the risks
associated with inadequate analgesia or opioid overuse.
Inadequate intraoperative analgesics might cause exces-
sive postoperative pain, while inadequate treatment
might also promote inflammation, and hormonal and
immune imbalance [3-6]. On the other hand, opioid
overdose may cause postoperative pain hypersensitiv-
ity and worsen opioid-induced respiratory depression
(OIRD) [7]. Current BNAN monitoring methods include
motor reflex monitoring, central nervous system (CNS)
monitoring, and autonomic nervous system (ANS) moni-
toring [8]. Among these, ANS-based monitoring has
gained attention owing to its noninvasive nature and real-
time feedback potential. However, current physiological
markers, such as skin conductance [9] and pupil diameter
[10], often lack the accuracy and consistency required for
effective clinical applications.

In recent years, the potential of photoplethysmogra-
phy (PPG) in measuring BNAN has sparked tremendous
interest. PPG parameters, such as photoplethysmo-
graphic amplitude (PPGA), pulse beat interval (PBI), and
surgical pleth index (SPI) calculated from PPGA and
heart beat interval (HBI), primarily reflect changes in
autonomic nervous system (ANS) activity. These changes
may indirectly relate to nociceptive processes but do not
directly characterize nociception itself [11-14] and are
inadequately sensitive to varying intensities of noxious
stimulation. This study aims to address these issues by
introducing novel PPG waveform parameters and evalu-
ating their reliability in detecting nociceptive stimuli and
assessing analgesia adequacy.

Standardized electrical stimulation protocols are com-
monly employed to mimic clinical nociceptive events,
such as surgical incisions [15], under controlled condi-
tions. These protocols elicit measurable ANS responses
and enable reproducible assessments of BNAN by dis-
tinguishing between adequate and inadequate analgesia
states. Through controlled electrical stimuli, PPG-derived
parameters can be systematically evaluated to establish
their reliability in detecting nociceptive responses and
contribute to more precise analgesic interventions.

A single PPG waveform consisted of an anacrotic phase
and a catacrotic phase (Fig. 1). In this study, we identi-
fied and characterized six morphometric parameters of
the PPG waveform, including the area under the curve of
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anacrotic phase (AA) and the mean height of anacrotic
phase in terms of area (MHA), the area under curve of
catacrotic phase (AC) and the mean height of catacrotic
phase in terms of area (MHC), and area under curve of a
total period (AT) and the mean height of a wave in terms
of area (MH). Our preliminary hypothesis was that these
parameters might be utilized as tools to monitor BNAN
under general anesthesia, and these results will be com-
pared with those of PPGA, PBI, and SPL

Methods

Ethics

The study was approved by the Ethical Committee of
Women’s Hospital, Zhejiang University School of Medi-
cine (Hangzhou, China) (No. IRB-20220149-R) on April
21, 2022, and registered at Chinese Clinical Trials.gov
(No. ChiCTR2200062228). The study was conducted
from August 2022 to August 2023. All participants were
informed of the purpose of the study and signed consent
forms.

Study population

Twenty patients aged between 18 and 60 years, Ameri-
can Society of Anesthesiologists (ASA) I or II, with a
body mass index (BMI) of 18-30 kg/m? scheduled for
elective gynecological surgery participated in the study.
Exclusion criteria were recently used sedatives, antide-
pressants, or other agents affecting PPG monitoring;
abnormal neurological, cardiac, pulmonary, hepatic, or
renal function; cardiovascular diseases such as hyperten-
sion; or receiving treatments that affect the cardiovascu-
lar system. Patients with diabetes mellitus, a history of
alcoholism and/or substance misuse, or anemia (hemo-
globin <110 g/L) also fell outside the criteria.

Study protocol

Venous access was established after patients entered the
operating room, connected to the GE Healthcare CAR-
ESCAPE B650 anesthesia monitor, which integrated
electrocardiogram (ECG), noninvasive blood pressure
(NIBP), SPI, response entropy (RE) state entropy (SE),
and SpO,. The entropy sensor (Entropy EasyFit Sen-
sor M1174413) was fixed after thoroughly cleaning the
patient’s forehead according to the manufacturer’s rec-
ommendations. Finger PPG data were also obtained
using the same right index finger used for SpO,. The Dig-
itimer Train/Delay Generator Model DG2A was utilized
as the electrical stimulator, which could generate the low
power current at the specified intensity and frequency as
well as the duration.

The protocol of the study was demonstrated in Fig. 2.
Target-controlled infusion (TCI) of propofol and remi-
fentanil reached a concentration of 4 pg/ml and 4ng/
ml in the effector chamber respectively, following the
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Fig. 1 Waveform characteristics of a PPG and parameter diagram
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T: the trough of a PPG. P: the peak of a PPG. T" the next trough. O: the vertical projection of point P on the TT line
TP: the anacrotic phase. PT": the catacrotic phase. TT" the overall phase. t;-t;: the interval of anacrotic phase. t;-t,: the interval of the catacrotic phase. t-t,:

the interval of the overall phase

PPGA: the amplitude of OP; PBI: the interval of TT’; SPI was computed as a combination of the normalized PPGA and heart beat interval (HBI),

SPI=100-(0.7*PPGA, o+ HBlyyormm)
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Fig. 2 Study protocol

pharmacokinetic model of the previous researches [16,
17]. Meanwhile, the concentration of propofol was
adjusted under the SE, keeping within the 40-60 range,
and 0.6 mg/kg rocurium bromide was injected. Follow-
ing this, intubation and controlled ventilation were ini-
tiated. The left ulnar nerve was continuously stimulated
using the electrical stimulator above at the gradient cur-
rent intensities of 20, 40, 60, and 80 mA respectively, and
a stationary frequency of 50 Hz, duration of 30s. Based
on Rantanen’s finding [15], tetanic stimulation (50 mA)
mimics the autonomic response of surgical stimula-
tion. Stimulation at 20 or 40 mA was categorized as mild
nociceptive stimulation, indicating adequate analgesia,
while 60 or 80 mA was classified as strong nociceptive

stimulation, reflecting insufficient analgesia. By select-
ing electrical stimulation intensities ranging from 20 to
80 mA, this study simulates mild to severe clinical pain
conditions to validate the reliability of new PPG param-
eters in distinguishing analgesia adequacy.

Four stimuli were performed every 2 min with an oper-
ated time manually recorded on the monitor as well.
Before and after each electrical stimulation, the SPI was
collected and PPG was recorded continuously for at least
120s.

Data processing
The PPG signals were preprocessed offline after
exporting them from the GE B650 device. Then PPG
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Fig. 3 The flowchart of data processing

Table 1 Definition and illustration of parameters
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P < N
Abnormal Parameters
extraction

waveform removal

parameters definition graphical interpretation

AA the area under curve of the anacrotic phase the area of the OPT curve

AC the area under curve of the catacrotic phase the area of the OPT' curve

AT the area under curve of a total period the area of the TPT'curve

MHA the mean height of the anacrotic phase in terms of area MHA = 1 t1 (t) dt
= t#—tw Jw P

MHC the mean height of the catacrotic phase in terms of area MHC = 1 t2 (t) dt
“w—uaJu P

MH the mean height of a wave in terms of area __1 2

9 MH = 72 [0 p(t)dt
PBI pulse beat interval the time interval between adjacent troughs, T-T’
PPGA the photoplethysmography amplitude The height of line OP

preprocessing was conducted, including wavelet denois-
ing, peak and trough detection, and abnormal wave-
form detection and removal, as the flowchart presented
in Fig. 3. Then 8 types of morphologic parameters were
extracted and derived from PPG pulses, including PPGA,
PBI, and 6 morphometric parameters, whose definitions
can be found in Table 1. Two intervals, -60s to -30s and 0
to + 30s, were selected to represent PPG states before and
after electrical stimulation onset, whereas the plus sign
before the digit indicates a post-stimulus interval and a
minus sign indicates a pre-stimulus interval. The value
before stimulation was calculated as the average value
within the pre-stimulus interval, while the value after
stimulation was calculated as the minimum value of the
post-stimulus interval.

To eliminate the influence of outliers, 8 raw parameters
above were processed further as follows. First, both the
pre-stimulus and post-stimulus parameters were calcu-
lated based on PPG waveforms. Subsequently, a mean
filter with a window of 10s was applied to them, with
the window shifted forward by 1s each time. Finally,
raw parameters were obtained by calculating the mean
of their corresponding values in the first step. To elimi-
nate individual differences and improve the parameters’
responsiveness to noxious stimuli, an extra normalization
was carried out to remap the original values to the inter-
val of [0, 1], as shown in Eq. 1.

y, = X=X (1)

where X represents the parameter input, )} represents
the mean of input X, p stands for the standard deviation
(SD) of X, and Y, for the output after the normalization.

This normalization ensures that all parameter values are
expressed on a standardized scale, facilitating more accu-
rate comparisons and reducing potential biases caused by
individual differences.

Based on the distinction of data utilized to calculate the
value of a parameter, except the common parameters in
the clinic PBI and PPGA, the remaining 6 morphologic
parameters in Table 1 could be further divided into three
groups: the anacrotic phase group (AA and MHA), the
catacrotic phase group (AC and MHC) and the overall
phase (AT and MH).

Statistical analysis

The normal distribution measures were expressed as the
mean + SD, whereas non-normally distributed measures
were expressed as the median(quartiles). The difference
between post- and pre- in AA, AC, AT, MHA, MHC,
MH, PPGA, PBI, and SPI at each stimulation intensity
(20 mA, 40 mA, 60 mA, and 80 mA) were calculated,
with the variation expressed as A values. A linear mixed-
effects model with an unstructured covariance matrix
was used to analyze these changes, treating them as
dependent variables and stimulation intensity as a four-
level categorical independent variable. The Paired rank-
sum test was utilized for intra-group comparison, with
Bonferroni adjustment applied to control for multiple
comparisons. It was deemed statistically significant if the
value of pis less than 0.05.

The receiver operating characteristic (ROC) curves and
the area under the curve (AUC) were employed to assess
the discriminatory capability of PPG parameters between
low-intensity stimulation (20—40 mA) and high-intensity
stimulation (60—80 mA).The Youden Index (YI), the sum
of sensitivity and specificity minus 1, is a common diag-
nostic validity index. The index ranges from -1 to 1, with
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Table 2 The characteristics of participants

Range Value
Age(yr) 27-53 39+8
Height(cm) 150-170 161+£6
Weight(kg) 46-55 5545

the max value indicating relatively highest effectiveness
[18]. To evaluate the consistency of characteristic param-
eters and SPI with varying electrical stimulation intensi-
ties, prediction probabilities (Pk) were calculated using
the PKMACRO spreadsheets as described by Smith et al.
[19].

SPSS (IBM SPSS Statistics 26.0.0) was employed to per-
form the above analyses and the graphs were designed
based on Origin (Version 2021. OriginLab Corporation,
Northampton, MA, USA).

Results

The characteristics of participants

The sample size was determined to be 20 based on pre-
vious studies [20, 21]. We recruited 20 patients for this
study, and all the analyses were carried out based on the
20 patients. The characteristics of them are summarized
in Table 2.

The ability to distinguish the occurrence of stimuli

For the two intervals representing the pre-stimulus
and post-stimulus, the 8 parameters defined in Table 1
together with the SPI were calculated respectively, as
contrasted in Table 3; Fig. 4. During stimulation, SPI
increased from 22.000 to 29.000, while the remaining 8
parameters showed a downward trend with statistical
significance (p=0.000). In summary, all 8 parameters and
SPI responded positively to electrical stimulation.

Effects of different intensities of stimulation on parameters
In addition, the role of current intensities in parameters
has also been studied in this research. The parameters,
including AAA, AAC, APBI and ASPI, were significantly
influenced by stimulation intensity (AAA, p=0.015;
AAC, p=0.042; APBI, p=0.033; ASPI, p=0.028). When
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a stimulus was performed at a certain current intensity
between 20, 40, 60, and 80 mA, the above parameters and
SPI were calculated and compared, as shown in Fig. 5.
There were statistical differences for PPGA (p=0.029), AT
(p=0.029), MHA (p=0.042), and MHC (p=0.029) when
comparing 20 mA and 40 mA. Significant differences
were observed for all characteristic parameters except
MHA when comparing results under 20 mA stimulation
intensity with 60 mA (p=1.000) and 80 mA (p=1.000).
When comparing the results between 40 mA and 60 mA,
only PBI (p=0.029) and SPI (p = 0.005) showed significant
differences. When 40 mA was compared with 80 mA,
all parameters showed significant differences except
PPGA (p=0.224), while AA (p=0.020), AC (p=0.009),
AT (p=0.020), MHA (p=0.006), MHC (p=0.009), MH
(p=0.013), PBI (p=0.000), SPI (p=0.000). There were
no significant differences except MHA (p=0.006) when
60 mA stimulation intensity was compared with 80 mA.

The ability to differentiate between analgesia adequacy
To further assess the ability of the parameters to dis-
tinguish between adequate and inadequate analgesia,
ROC curves were plotted for the parameters in Fig. 6,
and the corresponding AUC and maximum Youden
Index (YI) values were calculated. For the analysis,
stimulation intensities of 20 mA and 40 mA were cat-
egorized as the adequate analgesia group, while 60 mA
and 80 mA were classified as the inadequate analgesia
group, as previously described. As shown in Table 4,
in the AUC comparison, the AUC of PBI and SPI were
equal and the largest (AUC=0.896), followed by AC
(AUC=0.851), MHC (AUC=0.837), AT (AUC=0.829),
MH and PPGA (AUC=0.784), AA (AUC=0.769) and
MHA (AUC=0.722). Among the parameters in different
phases, the AUC of catacrotic phase parameters (AC and
MHC) was higher than that of overall phase parameters
(AT and MH), PPGA, and anacrotic phase parameters
(AA and MHA).

In the comparison of max YI, the values of PBI, SPI,
and MHC were highest (YI=0.650), followed by AC
(YI=0.575), AT (YI=0.525), AA (YI=0.500), MH and

Table 3 Comparison of parameters of the pre-stimulus and post-stimulus

parameters/group pre-stimulus post-stimulus post-pre(p)
AA -0.002(-0.015, 0.006) -0.568(-1.148, -0.090) 0.000*
AC -0.005(-0.020, 0.006) -0.511(-0.930,-0.109) 0.000*
AT -0.004(-0.018, 0.006) -0.598(-1.213,-0.111) 0.000*
MHA 0.000(-0.014, 0.008) -0.271(-0.574, 0.020) 0.000*
MHC 0.893(0.617, 1.315) 0.408(-0.194, 0.935) 0.000*
MH -0.004(-0.014, 0.006) -0.398(-0.815,-0.062) 0.000*
PBI -0.005(-0.015, 0.009) -0.101(-0.214, 0.067) 0.000*
PPGA -0.003(-0.017, 0.009) -0.916(-1.954,-0.142) 0.000*
SPI 22.000(18.000, 30.750) 29.000(21.250, 39.500) 0.000*

Values are displayed as median(quartiles). * p<0.05
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Fig. 4 The pre-stimulus and post-stimulus of parameters and SPI

The box plot shows the median, with |-shaped lines as error bars for the first and third quartiles. “pre-"indicates the pre-stimulation state, and “post-"the

post-stimulation state

PPGA (YI=0.475), MHA (YI=0.400). Among the param-
eters in different phases, the maximum YT of catacrotic
phase parameters was higher than the overall phase
parameters, PPGA, and anacrotic phase parameters,
while these findings were consistent with the AUC.

The curve highlights sensitivity and specificity across
various thresholds, with the AUC values representing the
overall discriminative ability.

The consistency with electrical stimulation intensity

To compare the consistency of characteristic param-
eters and SPI with electrical stimulation intensity, pre-
diction probabilities (Pk) were calculated. As shown in
Table 5, SPI performed best (Pk=0.853), followed by
PBI (Pk=0.809), AC (Pk=0.800), MHC (Pk=0.792), AT
(Pk=0.785), PPGA (Pk=0.749), MH (Pk=0.745), AA
(Pk=0.743), MHA (Pk=0.690). Among the parameters
in different phases, the Pk of catacrotic phase parameters
was higher than the overall phase parameters, PPGA, and
anacrotic phase parameters, while these results were con-
sistent with the AUC.

Discussion

In our study, it was suggested that AA, AC, AT, MHA,
MHC, and MH could distinguish the occurrence of elec-
trical stimulation. Notably, the catacrotic phase param-
eters (AC and MHC) outperformed the overall phase
parameters (AT and MH), PPGA, and the anacrotic

phase parameters (AA and MHA) in distinguishing
the adequacy of analgesia and varied degrees of tetanic
stimulation.

The correlation between the PPG and BNAN

In recent years, a variety of monitoring indicators have
been developed to evaluate and control the BNAN in
GA. Traditional indexes encompass heart rate (HR) and
blood pressure (BP), autonomic response-based met-
rics like pupillary diameter (PD) [10, 22], and skin con-
ductance (SC) [9, 23-25], indicators developed based on
PPG and EEG like the SPI [14, 26], analgesia nocicep-
tion index (ANI) [27-30] and multi-parametric index
nociception level index (NOL) [31-34]. Although these
indicators monitor the BNAN to some extent, they
remain distant from an ideal and precise index for anal-
gesia depth monitoring [32, 33, 35, 36]. As the correla-
tion between the PPG and BNAN has been extensively
analyzed, PPGA is thought to be associated with noci-
ception in GA [37], and this PPGA can be augmented
by the onset of noxious stimuli [38]. In addition, PBI was
identified as associated with nociception during general
anesthesia and declined with the occurrence of noxious
stimulation [39]. Our study also found that the PPGA,
PBI, and SPI were also able to distinguish between suf-
ficient analgesia and different degrees of tetanic stimulus,
which is in line with the findings of earlier research [14,
37, 40]. Among these parameters, PBI prevailed over the
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Fig. 5 Intergroup comparison of parameters. Boxes represent IQR, where the line with the point represents the median. Whiskers at the top and bottom

of the box represent the highest and lowest values, * means p <0.05

PPGA in distinguishing between sufficient analgesia and
different degrees of stimulation, though the performance
of all parameters lagged behind the SPL

The possible mechanism of PPG and BNAN

As we know, the anacrotic phase of PPG represents rapid
ventricular ejection while the catacrotic phase reflects a
reduced ejection phase and diastole. When patients expe-
rience nociception, the surgical stress response is typi-
cally characterized by increased production and release
of pituitary hormones and activation of the sympathetic
nervous system (SNS) [41]. The activation of the ANS by
the hypothalamus further enhances the release of cat-
echolamines from the adrenal medulla, and the release
of norepinephrine from presynaptic nerve endings [37,
42]. Norepinephrine then interacts with o-adrenergic
receptors on finger blood vessels, resulting in a vaso-
constriction effect and an increase in the magnitude of
vasoconstriction during the catacrotic phase of PPG. This
may be one possible explanation for the higher correla-
tion between catacrotic phase parameters and BNAN. It
is worth noting that the better performance of catacrotic

phase parameters (AA and MHA) in monitoring BNAN
is corroborated by our previous study [21], which
revealed that catacrotic phase-characterizing parameters,
including diastolic interval (DI), diastolic slope (DS) and
the nearest trough of minimum slope during catacrotic
phase (DTI), could provide promising potential to qualify
BNAN.

PPG parameters in adequate analgesia or hypo analgesia

Studies by Rantanen [15] have concluded that tetanic
electrical stimulation (30 s, 50 mA, and 50 Hz) is nec-
essary to elicit the identical level of ANS response as
clinical surgical stimulation (such as incisions). Thus, we
characterize stimulation at 20 or 40 mA to represent a
lack of perceptible or a lesser degree of nociceptive stim-
ulation, indicating adequate analgesia. Conversely, stimu-
lation at 60 or 80 mA was designated as the capacity to
perceive nociceptive stimulation or a higher degree of
nociceptive stimulation, indicating insufficient analgesia.
In our study, a preliminary observation was made about
the ability of PPG parameters to distinguish between
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Fig. 6 The ROC of parameters
Table 4 The AUC and YI of parameters . . L
Parameters  AUC The Max Yl Sensitivity _ Specificity adequate pain relief and overmedication, but a lack of
A 0769 0,500 0.600 0.900 reliability on detecting hypo analgesia.
AC 0.851 0.575 0.800 0.775
AT 0829 0525 0625 0.900 Possible influencing factors and solutions
MHA 0722 0400 0635 0775 As various factors such as drugs and the environment
MHC 0837 0650 0775 0875 may influence PPG signals, this study aimed to optimize
MH 0784 0475 0750 0725 the PPG signal through the preprocessing and normal-
PBI 089 0650 0675 0975 ization process to extract clean and undistorted signals,
PPGA 0.784 0475 0.550 0.925 remove respiratory interference and individual differ-
SPl 0.896 0.650 0.800 0.850 ences, and eliminate potential interference from other

The sensitivity and specificity in the table were acquired when the YI got the
max value

Table 5 The pk of parameters

Parameters prediction probabilities (Pk)
AA 0.743(0.038)
AC 0.800(0.034)
AT 0.785(0.035)
MHA 0.690(0.045)
MHC 0.792(0.034)
MH 0.745(0.039)
PBI 0.809(0.028)
PPGA 0.749(0.039)
SPI 0.853(0.030)

Data are expressed as the Pk values with standard error

factors to the greatest extent. To ensure sedation depth
was maintained within the appropriate range, SE was
maintained between 40 and 60 throughout the study, rul-
ing out any influence of sedative drugs.

Limitations and prospects

While there are several strengths to our research, it does
have some limitations. For example, we focused only
on the parameter response to tetanic stimulation at one
remifentanil concentration, other concentrations and
types of analgesics needed to be further investigated. In
addition, our study participants were all adult females.
Given the gender disparities in analgesia, the study
should have been expanded to include both genders and
a wider age range [43].
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Conclusions

In this study, six morphological parameters of PPG were
proposed and observed for the first time to distinguish
the occurrence of noxious stimulation effectively. Com-
pared with overall phase parameters, PPGA, and ana-
crotic phase parameters, catacrotic phase parameters
were more capable of characterizing noxious stimuli and
more consistent with changes in electrical stimulation
intensity.
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GA General anesthesia

BANA  Balance of nociception-anti-nociception
OIRD Opioid-induced respiratory depression
CNS Central nervous system

ANS Autonomic nervous system

PPG Photoplethysmography

PPGA  Photoplethysmographic amplitude

PBI Pulse beat interval

SPI Surgical pleth index

HBI Heart beat interval

AA Area under curve of anacrotic phase
MHA Mean height of anacrotic phase in terms of area
AC Area under curve of catacrotic phase
MHC Mean height of catacrotic phase in terms of area
AT Area under curve of a total period

MH Mean height of a wave in terms of area
ASA American Society of Anesthesiologists
BMI Body mass index

ECG Electrocardiogram

NIBP Noninvasive blood pressure

RE Response entropy

SE State entropy

TCl Target-controlled infusion

SD Standard deviation

ROC Receiver operating characteristic

AUC Area under the curve

v Youden Index

Pk Prediction probabilities

HR Heart rate

BP Blood pressure

PD Pupillary diameter

ANI Analgesia nociception index

NOL Nociception level index
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