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Abstract

Background: Surgical nociceptive stimulation can increase the risk of infection, prolong
hospitalization, and raise healthcare costs. Managing surgical stress during general anesthesia is
crucial to maintain hemodynamic stability. The Surgical Pleth Index (SPI), derived from normalized
heart rate and pulse wave amplitude, has emerged as a potential tool to monitor nociception more
accurately than traditional measures such as blood pressure and heart rate. This study evaluated the
relationship between SPI and stress hormones during elective ENT surgery under general anesthesia.
Methods: Eighty ASA I-II patients undergoing elective ENT procedures were randomized into two
groups: SPI-guided remifentanil titration (SPI group) and traditional remifentanil dosing (control
group). SPI, BIS, arterial blood pressure, heart rate, and stress hormones (ACTH, cortisol,
epinephrine, norepinephrine) were monitored at baseline, intubation, maximal surgical stimulus, and
post-maximal stimulus. Hormone assays were performed using reversed-phase high-performance
liquid chromatography. Statistical analyses included t-tests, chi-square, Spearman’s correlation, and
ROC curve analysis.

Results: Baseline demographics were comparable between groups. The SPI group demonstrated
significantly lower ACTH and cortisol levels during intubation, maximal stimulation, and after
maximal stimulus compared to controls. Hemodynamic parameters, including heart rate and mean
arterial pressure, were more stable in the SPI group. Moderate to strong correlations were observed
between SPI and stress hormone concentrations, especially ACTH. SPI showed better predictive
capability for stress hormone levels than heart rate, blood pressure, or BIS.

Conclusion: SPI monitoring during general anesthesia provides a reliable, real-time measure of
nociception and surgical stress, outperforming traditional indicators. SPI-guided analgesic
administration results in improved hormonal stress response suppression and better cardiovascular
stability. Incorporating SPI into anesthetic practice may enhance patient care by optimizing analgesia
and reducing physiological stress during surgery.

Keywords: Surgical Pleth Index, nociception, stress hormones, general anesthesia, analgesia
monitoring.
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INTRODUCTION

Infection, the duration of hospitalization and health costs may all worsen from surgical nociceptive
stimulation [1]. Since stress during surgery is mostly related to decreases in blood flow, general
anesthesia helps assess the proper balance of pain and its control which blunts the haemodynamic
changes that stress invokes. Getting such a perfect variable to direct how analgesics are delivered to
manage stress responses is still challenging [2]. Until now, monitoring movement and autonomic
responses has been the standard method to test analgesia effectiveness. Even so, these symptoms are
not very specific. A proposal for the surgical pleth index is based on measuring normalized heart rate
and pulse wave amplitude to measure nociception following general anesthesia. SPI was more
accurate than blood pressure and heart rate in monitoring patients during general anaesthesia, reports
[3]. In addition, there was a negative relationship between SPI and remifentanil concentration at the
anesthetic site in patients receiving total intravenous anesthesia with propofol and remifentanil. By
using SPI, propofol-remfenanil anesthesia used less remifentanil and preserved more stable hemopatic
conditions. This research shows that using the SPI may measure the level of stress or nociception
caused during an operation. Many studies confirm that epinephrine, cortisol and ACTH are true stress
hormones. This method requires obtaining blood and analyzing it in the laboratory for intraoperative
stress observation [5]. In order to evaluate the performance of the SPI, we relied on stress hormones
in people’s blood because there is no established standard. During the use of propofol and
remifentanil, researchers looked at the RLS, BIS, arterial blood pressure, heart rate and stress
hormones as the event unfolded. Linked according to time points. SPI improves when there is a loss
of consciousness, but measures poorly during waking conditions and is a better marker for stress
hormones compared to ABP, HR or the BIS.

METHODOLOGY

Altogether, 80 patients identified as I-II ASA status were studied, each aged between 18 and 70 years,
scheduled for elective ENT procedures. This analysis did not include participants who had conditions
related to the nervous system, were on psychoactive drugs, had problems with alcohol or drugs or
significant illnesses in the heart, kidney, liver or metabolism. Patients were allocated to one of two
groups: SPI in the first group, where remifentanil was titrated using the SPI values during anesthesia
maintenance and Control, where remifentanil dosing relied on the traditional approach. The report has
been published previously. The night prior to surgery, all groups were given 20-30 mg dipotassium
clorazepate, then 3.75-7.5 mg midazolam. Forearm vein catheters were put in and the patient’s blood
pressure, ECG and oxygen saturation were monitored without penetration.

Both sets of participants were under observation by SPI and BIS. The foremost and manufacturer-
recommended BIS positions were used and impedance was monitored below 7.5kQ for optimum
contact. An index finger sensor was used to track pulse oximetry during the treatment. SPIs were
taken every 10 seconds. SPI, BIS, SpO2 and ECG were continuously monitored during anaesthesia.
We used target-controlled infusion pumps to give propofol and remifentanil before tracheal intubation.
We followed Schnider et al. for propofol and Minto et al. for remifentanil. A concentration of 35
mmHg for end-tidal carbon dioxide was established following intubation. The BIS level was kept
between 40 and 60 using Ceprop every four minutes; Ceremi was not adjusted until surgery started.
Ceprop was titrated by 0.5 mL/1 every 4 minutes for every patient, group assignment aside.
Traditional indications of insufficient anesthesia led to a Ceremi adjustment in the Control group.
When the patient displayed signs in Table 1 [6-8], anaesthesia was viewed as being inadequate and
Ceremi was increased by steps to the ceiling concentration. Urapidil 10 mg was given intravenously
as required. They ramped up the speed of the intravenous infusion, gradually lowered the amount of
Ceremi and gave Akrinor 0.5 ml. We gave the patient 0.5 mg of atropine for slow heart rate.
Concentrations of remifentanil in the blood stayed between 20 to 50 stepwise. The method for treating
a failed anesthesia included: urapidil 10 mg i.v.; akrinor 0.5 mL i.v.; atropine 0.5 mg i.v.; and atropine
atropine. Eligible participants were given rescue medication when somatic arousal was normal within
approved limits. Those whose BIS was greater than 60 and smaller than 65 could decrease their
PECprop fifteen minutes prior to being wheeled into the OR, as their PECremi did not need to be
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changed. In each patient, piritramide was used as an analgesic after surgery. At the same time as
remifentanil, our team stopped propofol when the surgical suture was done.

Stress hormone assay and blood sampling are used in this study. At each event, each group took blood
from the participants at four specific points in time. Keep the samples refrigerated as soon as you get
them, spin them down within 15 minutes and keep the temperature at 25°C. Employing reversed phase
high-performance liquid chromatography. A standard ACTH level falls between 7.2 and 63.6 pg/mL,
6.2 and 19 g/dL, with epinephrine between 84 pg/mL and 420 pg/mL.

STATISTICS

In various situations, results are given as mean and standard deviation or median and the range of
values. The statistical analysis in this paper was done using Prism from GraphPad. Numerical data
was analyzed with student t-tests, data variance was investigated using one-way student t-tests or SNK
tests and nominal data was explored with chi-square tests. For finding and studying relationships
between variables, Spearman’s rank correlation was implemented and F-tests for testing regression
slopes. The goal was to figure out if SPI could reliably predict stress hormone blood concentration
and that is why ROCs were used. Furthermore, ROC analysis was used to show the right thresholds
for SPI. We considered a P value of 0.05 to show statistical significance.

RESULTS

Inadequate anesthesia was determined when the patient’s anesthetic depth was not sufficient and they
responded displeasingly or through purposeful actions or apparent signs such as coughing or
grimacing. Hypertension was diagnosed when mean arterial pressure was higher than 120% of the
baseline or lower than 100 mmHg and hypotension occurred when mean arterial pressure was less
than 80% of baseline or less than 60 mmHg. A heart rate of more than 90 beats per minute was
tachycardia and a rate below 80% of your normal rate or below 45 beats per minute was bradycardia
(Table 1).

The study samples had equal demographics. The overallmean age for both groups was very similar,
with the SPI group at 49 years (+18) and the control group at 48 years (+18). The height and weight
of both groups did not differ significantly, with averages of 175 cm (plus or minus 19) and 173 cm
(plus or minus 95) for height and 80 kg (plus or minus 14) and 77 kg (plus or minus 19) for weight.
No significant difference was found in gender, physical condition or the time between surgery and
intubation among groups, showing the study population was well balanced (see Table 2).

Initial levels of ACTH and cortisol were somewhat higher in the SPI group (25 + 16 pg/mL and 16 +
7 pg/mL) than in the control group (21 £+ 15 pg/mL and 15 + 8 pg/mL). Before exposure, epinephrine
and norepinephrine levels were lower in the SPI group (40 + 20 pg/mL and 190 + 117 pg/mL) than in
controls (36 + 20 pg/mL and 256 + 175 pg/mL). No significant differences in mean arterial pressure
or heart rate were found between groups at the start. ACTH and cortisol levels were significantly
lower in the SPI group than at baseline (17 £ 9 pg/mL for ACTH and 13 £+ 6 pg/mL for cortisol), but
remained relatively high in the control group. In addition, norepinephrine and epinephrine both
decreased in both groups and the SPI group had a slightly lower mean arterial pressure and heart rate,
reflecting a more controlled hemodynamic state compared to the other group (Table 3).

For both groups, ACTH and cortisol levels decreased even farther when the maximal stimulation was
applied, but the SPI group maintained levels still lower than the controls (12 = 7 pg/mL, 10 = 6 pg/mL
compared to 14 + 67 pg/mL and 10 + 5 pg/mL). Both groups had lower mean arterial pressure and
heart rate, yet the SPI group had notably less. Besides, their SPI and BIS indices indicated reduced
autonomic activity and greater anesthesia. After the maximum stimulation session, both groups
returned to nearly normal hormone and hemodynamic levels, but the SPI group sustained a reduced
response to stress through continually lower ACTH, cortisol and catecholamine levels and a decreased
heart rate and mean arterial pressure.

In general, the results found that the group using the SPI protocol had more control over their stress
hormones and stronger heart stability than those not using the protocol. It means that watching the
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SPI might help manage the depth of anesthesia, decreasing the effects of surgery on a patient’s body,
without putting the patient at risk.

Table 1: Inadequate anesthesia and hypotension or bradycardia criteria

Condition Definition

Inadequate Insufficient depth of anesthesia causing patient discomfort or
Anesthesia physiological response

Hypertension Mean arterial pressure exceeding 120% of baseline or >100 mmHg
Tachycardia Heart rate exceeding 90 beats per minute

Somatic Arousal | Physical signs such as coughing, jaw movement, or facial grimacing
indicating light anesthesia

Somatic Response | Purposeful body movements indicating inadequate anesthesia depth
Hypotension Mean arterial pressure less than 80% of baseline or <60 mmHg
Bradycardia Heart rate less than 80% of baseline or below 45 beats per minute

Table 2: Demographic data

Parameter SPI (n = 80) | Control (n = 80) | P values

Age (years) 49 + 18 48 + 18 0.839

Height (cm) 175+ 19 173 £ 95 0.657

Weight (Kg) 80+ 14 77 £19 0.438

Gender-M/F (n) 29/255 45/41 0.254

ASA /I (n) 39/47 41/45 1.000

Duration of 155 £ 69 176 £+ 86 0.076

Duration of surgery | 112 £ 63 135 £ 83 0.108

Intubation to surgery | 26 £ 10 27 +12 0.534

Table 3: Bp, heart rate, SPI, and BIS values at different times related to events.

Time | Grou | ACT | Cortis | Epinephr | Norepineph | Mean | HR SPI BI
Point | p H ol ine rine (mmH | (beat/m S

(pg/m | (pg/m | (pg/mL) | (pg/mL) g) in)

L) L)
Base | SSI 25 +|16+7 | 40+£20 190 £ 117 96 £ |73+15 |55+13 |94
SSI 16 16 +

17
Base |Contr |21 £ |15%+8 [36+20 256+ 175 101 +|72+14 |55+13 |99
Contr | ol 15 16 +4
ol
Intu | SSI 17 £[13 +£|30+21 132+ 72%x« |96 +£|74+£14 [53+15 |39
SSI Oxx 6** 22 +
12#

Intu |Contr | 18 =£|13 £ [28+11 135 £ 75%x 95 £ | 7717 |T77+17 | 379

Contr | ol 11 6% 18 +
ol 15%
*
Maxi | SSI 12 £|10 £|36+9 86 £ 53x«x## | 76 £ |61 + | 45 + | 41
SSI Txxt Ox 12%x# | 12+x## | 14xxftft | =
# 13
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Maxi |Contr | 14 £ |10 £ |38+26# | 85+ 52x*x# 79 £ |61 + | 47 + | 40
Contr | ol O7*%#H | SxxtHf 18x# | 12+x## | 16x# +
ol # 11
*
After | SSI 11 +£17 + (21 + |38 +|79 =<6l + |31 + | 46
- x| Sxxft | 20%xH&& | 20x*xHH&& 15%+# | 115 | 13xx## | &
Maxi & # && 13%
SSI *
After | Contr | 11 =+ |8 + |21 + |38 +|84 +|60 + |33 +1|42
- ol Txtft | Oxx## | 12+x&& | 20x+HH& 17#x# | 12%x## | 15x+## | =
Maxi # && Q%%
Contr
ol

Figure 1: Demographic Data Comparison: SPI vs Control Groups
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Error bars represent standard deviation. No statistically significant differences were observed (all p-values >
0.05).

Figure 2: Gender Distribution
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Figure 3: ASA Classification
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DISCUSSION

We looked at how SPI changes in relation to levels of nociception during general anesthesia, using
photoplethysmography. While no links with stress hormones were found at Base in our prospective,
randomized, single-blinded study, a moderate-to-good relationship was visible with these hormones
at the other measured times, especially ACTH, whose levels were strongly predictable from SPI. No
direct tools exist for detecting stress or nociception during general anaesthesia. Usually,
anesthesiologists watch a patient’s blood pressure, heart rate, sweating and tearing for signs of stress,
but these factors have been found to be poor markers. Analgesic endpoints such as how quickly a
patient moves their limb when exposed to pain, are generally used to detect unsuccessful analgesia,
but their reliability is poor and muscle relaxants can make the tests less reliable. In addition to state
entropy (SE) and response entropy (RE), variables measured from EEGs are helpful signs of the pain-
inhibiting effects of anaesthesia. Stress and nociception can both be spotted by looking at the varying
amplitude of photoplethysmography. As a rule, these variables show weak performance. Four
parameters of pulse wave velocity and normalized heart rate are recorded by SPI during general
anesthesia to provide a measure of nociception or stress [12]. The effect-site concentrations of
remifentanil at total i.v. anesthesia were shown to be negatively correlated with the SPI. FN
demonstrated better results than SE, RE, heart rate and PPGA at recognizing nociceptive stimulation
when patients received propofol anesthesia and Esmolol made no difference in its performance.
Evaluating performance of new measurement tools, like SPI [13], is very important with general
anaesthesia. Production of pituitary hormones is greater after surgery because of stress. Cortisol,
epinephrine and norepinephrine can all change how we detect pain during surgery. Too many stress
hormones are linked to poorer results in patients. When patients experienced mental stress despite
premedication, all four stress hormones were highest among those studied [14, 15]. In addition, we
found stress hormone levels at Max were much higher than 15 min After-Max which happened when
the surgeon said stress was at its highest during surgery. By contrast, we observed that there were
moderate to good relationships between stress hormones and SPI concentrations. To design the SPI,
researchers studied anaesthetized patients to measure surgical stress during anesthesia. Since the
patient is asleep under general anaesthesia, their mind does not influence them. There was likely some
preoperative stress among the patients in the Base group while they were still awake. Therefore, many
believe that surgical induced nociception greatly increases stress during general anesthesia. Stress
hormone amounts and SPI levels may change as a person’s state of consciousness changes. SPI could
only be useful for practitioners of anaesthetics. Stress correlations are explained by these three
hormone releases: (1) Stimulation during surgery causes the hypothalamus-pituitary-adrenal axis,
releasing ACTH, to encourage cortisol production. Whenever stress occurs, the HPA axis starts
producing the hormones epinephrine and norepinephrine. Over time, the amounts of these hormones
produced may vary as set by the timing of stress in the group. Samples were taken from the blood
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with 30-60 seconds of the incident and then tested for stress hormones. Stress hormone levels can be
greater at their highest points than at their lowest. Having surgery bodily stimulates responses related
to stress hormones. The choice of anaesthetics made very little difference to epinephrine and
norepinephrine, but catecholamines changed with surgical stress at the same rate, unlike ACTH and
cortisol which rose with the severity of the surgery. Over the course of the procedure, both epinephrine
and norepinephrine remained stable, whereas ACTH and cortisol increased. The body’s hormones
varied in terms of when they peaked. There seems to be a difference in how the stress hormones are
released depending on what type of stimulus is involved.

Certain constraints are present in the design of this study. People have diverging opinions about when
to draw blood during an MRI scan. Event-related time points involve the levels of nociceptive
stimulation during anesthesia. It is hard to find out how close to the access point the cancer is. Blood
samples were taken within a minute after stress began and the SPI figures were noted 15 seconds after
the stress ended. ENT surgery is much less involved surgically than large surgeries which could be
the cause for a lower stress hormone level. Future investigations should look at more different surgical
procedures.

CONCLUSION

The findings indicate that SPI can reliably measure nociception and stress reactions during a general
anesthesia operation. The relationship between SPI and stress hormone levels, especially ACTH, was
stronger across many perioperative events when compared to heart rate, blood pressure and BIS.
Patients treated using the SPI-guided remifentanil titration had much lower ACTH and cortisol levels
during intubation, the highest level of surgery and after. Hemodynamic stability improved in the SPI
group, as manifestaed by lower and more even heart rate and mean arterial pressure than in the
controls. As a result, monitoring SPI may allow safer and more effective delivery of analgesics, with
little or no strain on the heart or respiratory systems.

SPI did not vary consistently with baseline hormone measures, likely because patients were aware
and anxious ahead of surgery; even so, SPI seemed to track the changing levels of stress hormones
during anesthesia, supporting its use as a quick indicator of nerve activity during sleep. The amount
and timing of hormone release are evidence of the complex nature of surgical stress, because
catecholamines do not change much, whereas ACTH and cortisol react more directly to what the
surgery involves.

The fact that most of the participants had simple ENT procedures may explain why stress hormone
levels were lower than those seen in other types of surgery. Blood sampling may vary throughout the
course of surgery and could hence change the accuracy of hormone measurements. Work should be
done to apply these results to different surgical cases and understand the effects of SPI-based analgesia
on recovery, success of treatment and how well patients are satisfied.

In short, SPI works without surgery and seems promising since it gives a more reliable and sensitive
signal of pain inside the body than current monitoring does. Applying SPI in an operating room may
improve stress management during anesthesia, avoid inadequate analgesia and benefit patients
throughout their care.
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