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ABSTRACT 

Background & objective: Effective pain management during laparoscopic surgery under general anesthesia remains 
a challenge due to the lack of objective tools to assess nociception. The Perfusion Index (PI), derived from pulse 
oximetry, reflects peripheral perfusion and may serve as a non-invasive marker for analgesia adequacy by detecting 
sympathetic activation caused by nociceptive stimuli. We evaluated PI as a tool for assessing analgesia during 
laparoscopic surgeries by comparing its changes in response to painful stimuli and correlating it with hemodynamic 
parameters. 

Methodology: This prospective observational study was conducted in the Department of Anesthesiology at Dr. D. Y. 
Patil Medical College, Hospital and Research Centre, Pimpri, Pune, Maharashtra, India, after the approval by 
Institutional Ethics Committee. In this prospective observational study, 90 ASA I/II patients, aged 18–60 years, 
undergoing elective laparoscopic surgery, were enrolled. PI, heart rate (HR), systolic blood pressure (SBP), diastolic 
blood pressure (DBP), and mean arterial pressure (MAP) were recorded at baseline, after induction, during 
pneumoperitoneum creation (P0), and after port insertions (P1–P3), every 1 min for first 10 min followed by every 
5 min for 30 min. Fentanyl 1 µg/kg was administered after P1, and changes in PI and hemodynamic were analysed. 

Results: PI decreased significantly during P1 (5.49 ± 0.05) compared to P0 (6.33 ± 0.06, P < 0.001), reflecting 
nociceptive response. After fentanyl administration, PI increased at P2 (5.72 ± 0.13) and P3 (6.01 ± 0.06, P < 0.001), 
indicating significant analgesia efficacy. HR spiked at P1 (88.18 ± 17.70 bpm) but stabilized post-fentanyl. No 
significant correlations were found between PI and SBP, DBP, or MAP. 

Conclusion: PI effectively tracks nociceptive stimuli and analgesia efficacy during laparoscopic surgery, offering a 
real-time, non-invasive monitoring tool. Its dynamic changes align with painful events, supporting its utility in 
optimizing intraoperative pain management. 

Abbreviations: DBP: diastolic blood pressure, HR: heart rate, MAP: mean arterial pressure, PI: Perfusion Index, SBP: 
systolic blood pressure, 
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1. INTRODUCTION 

The perioperative management of pain is an essential 

component of anesthetic practice, as it not only ensures 

that the patient is comfortable during the surgery but also 

serves to optimize surgical outcomes. Uncontrolled pain 

during surgery can lead to unpleasant physiological 

responses.1 These responses, collectively known as the 

‘stress response to surgery’, can have harmful impact on 

organ function, leading to delayed recovery, and make 

patients susceptible to chronic pain syndromes. Issues of 

pain management associated with laparoscopic surgery 

are amplified through physiological changes induced by 

the surgeon for the use of minimally invasive 

techniques.2 

Laparoscopic surgeries are preferred for their numerous 

benefits, such as smaller incisions, less postoperative 

pain, quicker recovery, and shorter hospital stays. 

However, these procedures also pose unique challenges. 

Although this technique is indispensable, it significantly 

affects the patient's physiology.3 The pneumoperitoneum 

increases intra-abdominal pressure, reduces venous 

return, compromises cardiac output, and stimulates 

nociceptive pathways that lead to an autonomic response 

characterized by vasoconstriction, tachycardia, and 

elevated blood pressure.4 Steep Trendelenburg or reverse 

Trendelenburg positions further complicate these effects, 

as they influence venous return, haemodynamic stability, 

and respiratory mechanics. Therefore, intraoperative 

adequate analgesia must be implemented to dampen 

nociceptive and physiological effects induced by 

pneumoperitoneum and surgical manipulation. 

Pain, especially during a surgical process, cannot be 

accurately timed and evaluated.5 Pain in the operating 

room used to be estimated based on other indirect signs 

and symptoms, which include HR and blood pressure, 

among other effects on hemodynamics. These 

parameters are helpful but not specific as they can be 

influenced by several factors that are independent of 

nociception, such as depth of anesthesia, fluid shifts, and 

pharmacological interventions.6 The limitations of 

conventional methods underscore the necessity for a 

more reliable, objective, and non-invasive tool to assess 

analgesia during surgery.7 It is in this scenario that the 

perfusion index (PI), a parameter derived from pulse 

oximetry, comes to the fore. The PI reflects the ratio of 

pulsatile to non-pulsatile blood flow in the peripheral 

circulation, thereby serving as an indirect measure of 

peripheral perfusion.8 

The autonomic nervous system actively controls 

peripheral perfusion and responds dynamically to any 

nociceptive stimulus. If there is pain or insufficient 

analgesia, sympathetic activation leads to peripheral 

vasoconstriction that reduces the blood flow of the 

periphery and PI.9 Conversely, when adequate analgesia 

is established, the nociceptive input is decreased, thus 

bringing about better peripheral perfusion and 

stabilization or elevation of PI. Different clinical 

situations have been used to test the use of the PI as a 

marker of nociception and adequacy of analgesia.10 In 

neonatal care, where traditional pain assessment 

techniques cannot be employed, promising findings have 

emerged regarding pain detection and guidance for 

analgesic interventions. In the case of regional 

anesthesia, the PI has been used to predict the success of 

nerve blocks through changes in peripheral perfusion. 

Additionally, research has shown that the PI can be used 

in predicting hypotension due to spinal anesthesia, 

indicating that it is sensitive to changes in autonomic and 

hemodynamic functions.11,12 

Despite these observations, the use of the PI as a monitor 

for intraoperative analgesia during general anesthesia 

(GA) in laparoscopic surgery is an underexplored area. 

The autonomic and physiological changes that occur 

during laparoscopic surgery make it an ideal setting to 

evaluate the role of the PI in assessing nociception.13 

Integration of PI monitoring into routine anesthetic 

practice may revolutionize intraoperative pain 

management. This could potentially allow 

anesthesiologists to tailor analgesic interventions more 

precisely by providing a continuous, non-invasive, and 

real-time measure of nociceptive states. This may reduce 

the overuse of opioids and their side effects, including 

respiratory depression, nausea, and postoperative ileus. 

This might further lead to improved intraoperative 

hemodynamic stability, diminished stress responses, and 

improved recovery in the postoperative period, thereby 

enhancing patient satisfaction and outcomes.14,15 

The integration of PI into the anesthetic monitoring 

could help to shift away from the use of a "one-size-fits-

all" approach to analgesia toward strategies that are 

dynamically adapted according to real-time patient 

needs. It may especially be helpful in patients at 

increased risk, like the elderly, patients with 

cardiovascular comorbidities, or patients undergoing 

lengthy and complicated surgeries.16 

Hence, the current study was conducted to evaluate the 

changes in the PI in response to painful stimuli during 

laparoscopic surgery under GA. 

2. METHODOLOGY 

This prospective observational study was conducted in 

the Department of Anesthesiology at Dr. D. Y. Patil 

Medical College, Hospital and Research Centre, Pimpri, 

Pune, Maharashtra, India, after approval by the 

Institutional Ethics Committee. The study was carried 
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out over 18 months, with an additional 6 months 

allocated for data analysis and manuscript preparation. 

Based on prior research by Atef et al. (2013), which 

compared PI with non-invasive hemodynamic 

parameters during insertion of I-gel, classic laryngeal 

mask airway and endotracheal tube, the sample size was 

estimated using “WIN PEPI” software (11.3). 

Considering the SD of A as 14.39 (HR) and a SD of B 

as 10.06 (DBP) with mean difference of 10.2 and 95% 

confidence interval, the sample would be 84. But for 

effective results we chose a total sample size of 90. 

Patients of either gender, aged between 18 and 60 years, 

classified as American Society of Anesthesiologists 

(ASA) physical status I or II, and scheduled for elective 

laparoscopic surgeries under general anesthesia (GA) 

were included. Only those who were hemodynamically 

stable with normal routine investigations and who 

provided written informed consent were enrolled in the 

study. 

Patients were excluded with anticipated difficult 

intubation or obese individuals, those with psychiatric, 

neurological, neuromuscular, or cardiovascular disease, 

or those with impaired hepatic or renal function. Patients 

or their guardians who declined participation were also 

excluded from the study. 

A detailed preoperative assessment was conducted one 

day before surgery, and clinical parameters were 

reconfirmed on the day of the procedure. After securing 

a 20G IV cannula under sterile precautions, a balanced 

crystalloid infusion was started. Standard ASA 

monitors—including ECG, NIBP, pulse oximetry, and 

capnography—were applied, and baseline vital signs 

were recorded. 

Patients were preoxygenated with 100% oxygen for 3 

min. Premedication included glycopyrrolate 0.004 

mg/kg, midazolam 0.02 mg/kg, and fentanyl 2 µg/kg IV. 

Induction was achieved using propofol 2 mg/kg, 

followed by succinylcholine 1.5 mg/kg IV for intubation. 

Anesthesia was maintained with oxygen, nitrous oxide, 

and sevoflurane. Pneumoperitoneum was created with 

CO₂ at 12–15 mmHg pressure, after which the first 

laparoscopic port was inserted. An additional dose of 

fentanyl 1 µg/kg was administered immediately after 

this. Two more ports were inserted under direct vision 

for optimal access. 

Vital parameters including PI, HR, NIBP, and oxygen 

saturation were monitored at key points: pre-induction, 

post-induction, post-intubation, during 

pneumoperitoneum (P0), and after each port insertion 

(P1, P2, P3). Measurements were taken every min for the 

first 10 min and then at 5-min intervals up to 30 min to 

capture changes due to anesthetic and surgical stimuli. 

2.1. Statistical Analysis 

The analysis was performed using the data analysis tool 

in Microsoft Excel.  Paired t-tests were used to compare 

the two specific time points. The null hypothesis was that 

the differences between paired values were 0, and a 95% 

CI was used to determine statistical significance, with P 

< 0.05 considered as significant. In addition, Pearson's 

correlation coefficients were calculated to ascertain the 

correlation between PI and other hemodynamic 

parameters. The latter included MAP and HR. This was 

a measure of the strength and direction of linear 

associations and was obtained using the correlation 

function in MS Excel. Coefficients were positive when 

they represented direct relationships and negative when 

representing inverse relationships. The more significant 

the coefficient values, the stronger the association. The 

combination of paired t-tests and correlation analysis 

enabled a detailed evaluation of the hemodynamic 

changes and their relationship to PI. 

3. RESULTS 

A total of 90 patients were enrolled for the study, out of 

which 45 were females and 45 were males; with a mean 

age of 35.9 ± 9.56 years. All participants enrolled in the 

study completed the study. All tests were conducted with 

a confidence level of 95%. PI values after administering 

fentanyl between P1 and P2 increased from 5.49 ± 0.05 

to 5.72 ± 0.13   with a P < 0.001 (Table 1).  

Table 1: Mean perfusion index at port 
insertions 

Port Perfusion 
index 

p 

P0 6.33 ± 0.06 < 0.001 

P1 5.49 ± 0.05 

P2 5.72 ± 0.13 

P3 6.01 ± 0.06 

P0: During Pneumoperitoneum Creation; P1: After 
Insertion of The First Laparoscopic Port; P2: After 
Insertion of The Second Port; P3: After Insertion of The 
Third Port, P – probability value. 

 

Similarly, these values saw a significant increase 

between P1 and P3, with P3 6.01 ± 0.06 (P < 0.001) 

(Table 1); whereas the changes in the HR, SBP, DBP, 

and MAP were not significant (Table 2). A Pearson’s 

correlation (r) test was also run on the difference in PI, 

HR, and MAP values (Table 3, 4, 5, and 6). The increase 

in PI values between both these port insertions did not 

correlate with the changes in HR and MAP and was 

found to be statistically insignificant. 
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4. DISCUSSION 

Intraoperative pain management plays a vital role in 

modern anesthesia, directly impacting patient safety, 

comfort, and surgical outcomes. Effective pain control 

helps maintain physiological stability, as pain can 

activate the autonomic nervous system, leading to 

undesirable responses such as elevated HR and blood 

pressure.17 To assess intraoperative pain, 

anesthesiologists typically rely on a combination of 

physiological markers, autonomic indicators, and 

advanced monitoring tools. Each method has its 

limitations and advantages. Among the newer 

techniques, the PI has emerged as a promising, yet 

relatively underexplored, parameter for assessing 

intraoperative analgesia. It stands out for being non-

invasive, simple to use, reliable, and cost-effective. 

 

PI is influenced by sympathetic nervous system activity. 

When a patient experiences pain, sympathetic 

stimulation causes peripheral vasoconstriction, leading 

to a reduction in PI.18,19 In contrast, adequate analgesia 

leads to vasodilation and a subsequent increase in PI. 

Building on prior research by Surekha et al. (2022) this 

study was undertaken.18 

 In our study PI and other hemodynamic parameters were 

studied and compared from the baseline, after induction, 

during a nociceptive stimulus from the laparoscopic port 

insertion and after administration of analgesic dose of 

fentanyl. The data were systematically compiled, 

compared, and interpreted.  

The PI was the highest during pneumoperitoneum 

creation [P0 (6.33 ± 0.06)] and decreased to 5.49 ± 0.05  

Table 2:  Comparison of hemodynamic parameters in PI, PR,SBP, DBP and MAP 

Reading time PI PR SBP DBP MAP 

Before induction 5.71 ± 0.06 87.28 ± 12.50 116.86 ± 11.18 82.24 ± 7.90 93.78 ± 6.95 

After induction 6.47 ± 0.06 86.29 ± 12.18 115.34 ± 11.07 82.60 ± 7.67 93.51 ± 6.67 

After tracheal intubation 6.62 ± 0.06 83.89 ± 12.11 113.94 ± 11.31 82.86 ± 7.51 93.22 ± 6.47 

P0 6.33 ± 0.06 82.22 ± 12.07 113.91 ± 11.96 83.32 ± 7.57 93.52 ± 6.66 

P1 5.49 ± 0.05 88.18 ± 17.70 114.99 ± 12.12 83.52 ± 7.25 94.01 ± 6.55 

P2 5.72 ± 0.13 74.04 ± 13.04 116.00 ± 12.18 83.61 ± 7.20 94.41 ± 6.52 

P3 6.01 ± 0.06 66.68 ± 10.87 117.10 ± 12.34 83.57 ± 7.07 94.74 ± 6.42 

1 min 6.01 ± 0.06   66.76 ± 9.88 117.02 ± 12.20 83.37 ± 6.95 94.59 ± 6.34 

2 min 5.92 ± 0.03 68.1 ± 10.82  117.02 ± 12.18 83.06 ± 6.91 94.38 ± 6.32 

3 min 5.95 ± 0.08  70.28 ±11.95 117.38 ± 12.08 82.76 ± 7.08 94.30 ± 6.37 

4 min 5.89 ± 0.23 72.9 ± 12.73 117.62 ± 12.41 82.71 ± 7.30 94.35 ± 6.58 

5 min  5.89 ± 0.23 75.40 ± 13.87 117.91 ± 12.37 82.90 ± 7.19 94.57 ± 6.59 

6 min 6.01 ± 0.04 73.98 ± 13.43 118.00 ± 12.05 82.89 ± 7.48 94.59 ± 6.60 

7 min 5.92 ± 0.04 72.65 ± 12.89 117.92 ± 12.01 82.77 ± 7.51 94.49 ± 6.55 

8 min 5.91 ± 0.23 71.6 ± 12.59 118.24 ± 11.98 82.62 ± 7.32 94.50 ± 6.38 

9 min  5.92 ± 0.23 70.3 ± 11.93  118.27 ± 12.03 82.56 ± 7.10 94.46 ± 6.30 

10 min 5.92 ± 0.23 69.73 ± 12.01  118.22 ± 12.03 82.67 ± 7.11 94.52 ± 6.38 

15 min 5.97 ± 0.04 67.21 ± 11.02  118.58 ± 11.82 82.31 ± 7.31 94.40 ± 6.30 

20 min 6.02 ± 0.05 66.12 ± 10.59  119.02 ± 12.00 82.21 ± 7.51 94.48 ± 6.41 

25 min 6.09 ± 0.05 66.03 ± 10. 68  119.42 ± 12.16 81.93 ± 7.53 94.43 ± 6.47 

30 min 6.20 ± 0.05 66.00 ± 10.72  119.71 ± 12.70 81.87 ± 7.53 94.48 ± 6.48 

p < 0.001 < 0.001 < 0.001 0.992 0.931 

PR: Pulse rate; SBP: Systolic Blood Pressure; DBP: Diastolic Blood Pressure; MAP: Mean Arterial Pressure; P0: During 

Pneumoperitoneum Creation; P1: After Insertion of The First Laparoscopic Port; P2: After Insertion of The Second Port; P3: 

After Insertion of The Third Port, p – probability value. 
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at first port insertion (P1). After 

the administration of fentanyl 1µg 

IV, PI increased at P2 (5.72 ± 

0.13) and P3 (6.01 ± 0.06). Hence, 

there is a positive association 

between PI and the adequacy of 

analgesia. These findings are 

consistent with previous research 

highlighting the PI (PI) as a 

valuable tool for monitoring 

analgesia during surgery. Surekha 

et al. (2022) demonstrated a 

significant rise in PI following 

fentanyl administration, 

accompanied by a reduction in 

HR—paralleling the trends 

observed in our study.18 

Similarly, Kupeli et al. (2018) 

found that PI increased with the 

onset of epidural analgesia during 

labor and decreased as its effects 

diminished, which aligns with 

our observation of increased PI after fentanyl 

administration.19 Abdelnasser A, et al (2017) and Hasanin A, 

et al. (2017) also predicted successful supraclavicular brachial 

plexus block using pulse oximeter perfusion index.  

In our study, pulse rate showed minor variations 

throughout the procedure, with a peak at first port 

insertion followed by a significant drop post-fentanyl 

administration, and weak correlation with perfusion 

index except for a moderate, statistically significant 

association at P2. These findings align with those of 

Saleh et al., who observed reduced HR and increased PI 

after analgesia, though without significant correlation.22 

Similarly, Surekha et al. reported increased PI and 

decreased HR after fentanyl, supporting PI’s role in 

nociception monitoring.18 Vaghela et al. also found 

increased PI and reduced HR and MAP post-analgesia, 

consistent with our results, although correlations 

remained statistically weak.23 

In our study, systolic, diastolic, and mean arterial 

pressures remained relatively stable throughout the 

laparoscopic procedure, with only minor fluctuations. 

Correlation analysis showed consistently weak and 

statistically non-significant relationships between 

perfusion index and SBP, DBP and MAP, at all 

measured time points. These results align with studies by 

Mehandale et al. (2016) and Saito et al. (2017), which 

also reported minimal or independent associations 

between PI and blood pressure variables.24 25 However, 

our findings contrast with Duggappa et al. (2017), who 

found a strong correlation between higher baseline PI 

and hypotension incidence post-spinal anesthesia, 

suggesting differing implications of PI across clinical 

settings and patient populations.26 

Table 3: Correlation of hemodynamic parameters 
- perfusion index with PR 

Parameters r P - value 

PR (/ min) vs 
PI 

P0 0.095 0.375 

P1 0.116 0.276 

P2 0.264 0.012* 

P3 0.140 0.188 

SBP (mmHg) P0 -0.127 0.231 

P1 -0.157 0.139 

P2 -0.131 0.219 

P3 -0.058 0.587 

DBP (mmHg) P0 -0.006 0.954 

P1 0.061 0.568 

P2 -0.167 0.116 

P3 0.007 0.951 

MAP 
(mmHg) 

P0 -0.081 0.449 

P1 -0.052 0.626 

P2 -0.204 0.053 

P3 -0.032 0.762 

PR: Pulse rate; SBP: Systolic Blood Pressure; DBP: 

Diastolic Blood Pressure; MBP: mean Blood Pressure; P0: 

During Pneumoperitoneum Creation; P1: After Insertion of 

The First Laparoscopic Port; P2: After Insertion of The 

Second Port; P3: After Insertion of The Third Port; r: 

correlation coefficient, P < 0.05 considered as significant 
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5. CONCLUSION 

From the results of our conducted study, it was found 

that PI is a reliable, non-invasive tool for assessing 

intraoperative nociception and analgesic adequacy 

during laparoscopic surgery. Its real-time responsiveness 

supports tailored analgesic dosing, potentially improving 

postoperative outcomes. 
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