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EVALUATION OF PERFUSION INDEX AS A TOOL FOR ACUTE POSTOPERATIVE 

PAIN ASSESSMENT IN LAPAROSCOPIC CHOLECYSTECTOMY SURGERIES 

UNDER GENERAL ANAESTHESIA AND ITS CORRELATION WITH NUMERIC 

RATING SCALE- AN OBSERVATIONAL STUDY 

Chapter 1 

Introduction 

1.1 Background on pain and its assessment 

Pain is a universal human experience that has been a subject of scientific inquiry and medical 

concern for centuries. The International Association for the Study of Pain (IASP) defines pain as 

"an unpleasant sensory and emotional experience associated with actual or potential tissue damage, 

or described in terms of such damage" (IASP, 2020). This definition underscores the complex, 

multidimensional nature of pain, encompassing both physiological and psychological components. 

The perception of pain involves a intricate interplay of neurological, biochemical, and 

psychological processes. When tissue damage occurs, nociceptors – specialized nerve endings – 

detect the noxious stimuli and transmit signals through the peripheral nervous system to the spinal 

cord and ultimately to the brain. The brain then interprets these signals, integrating them with 

emotional, cognitive, and contextual factors to produce the subjective experience of pain (Melzack 

& Wall, 1965). 

Pain can be classified into various categories based on its duration, origin, and underlying 

mechanisms. Acute pain, typically lasting less than three months, serves as a protective mechanism 

alerting the body to potential harm. Chronic pain, persisting beyond the normal healing time, is 

often considered a disease in itself, significantly impacting an individual's quality of life (Treede 

et al., 2015). 
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The assessment of pain has evolved significantly over the years, reflecting our growing 

understanding of its complexity. Early approaches to pain assessment were often rudimentary and 

relied heavily on patient self-reporting. However, as the field of pain research advanced, more 

sophisticated tools and methodologies emerged. 

One of the most widely used methods for pain assessment is the Visual Analog Scale (VAS), 

introduced by Hayes and Patterson in 1921. The VAS consists of a straight line, usually 10 

centimeters in length, with the ends representing the extremes of pain intensity (no pain to worst 

imaginable pain). Patients mark a point on the line that corresponds to their perceived level of pain 

(Hawker et al., 2011). 

Another commonly used tool is the Numeric Rating Scale (NRS), where patients rate their pain 

intensity on a scale from 0 to 10, with 0 representing no pain and 10 representing the worst pain 

imaginable. The NRS has been found to be easily understood by most patients and is sensitive to 

changes in pain intensity (Ferreira-Valente et al., 2011). 

For pediatric patients or those with cognitive impairments, pictorial scales such as the Faces Pain 

Scale-Revised (FPS-R) have been developed. These scales use a series of facial expressions to 

represent different levels of pain intensity, allowing patients to point to the face that best matches 

their pain experience (Hicks et al., 2001). 

In recent years, there has been a growing recognition of the need for more objective measures of 

pain. This has led to the development of various physiological and behavioral pain assessment 

tools. For instance, changes in vital signs such as heart rate, blood pressure, and respiratory rate 

have been used as indicators of pain, particularly in non-verbal patients (Barr et al., 2013). 

More advanced technologies are also being explored for pain assessment. Functional Magnetic 

Resonance Imaging (fMRI) studies have identified specific brain regions activated during pain 
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experiences, potentially offering a way to objectively measure pain (Apkarian et al., 2005). 

Similarly, electroencephalography (EEG) has been used to detect pain-related changes in brain 

activity (Schulz et al., 2012). 

Despite these advancements, pain assessment remains a challenging task due to the subjective 

nature of pain and the influence of various factors such as cultural background, previous pain 

experiences, and psychological state. The search for more accurate, objective, and universally 

applicable pain assessment tools continues to be an active area of research in pain medicine. 

As our understanding of pain mechanisms deepens and technology advances, it is likely that pain 

assessment methods will continue to evolve. The ultimate goal is to develop comprehensive pain 

assessment strategies that can accurately measure pain intensity, quality, and impact across diverse 

patient populations and clinical settings, thereby informing more effective pain management 

strategies. 

1.2 Importance of postoperative pain management 

Postoperative pain management is a critical aspect of patient care that significantly influences 

surgical outcomes, patient satisfaction, and overall recovery. Effective pain control in the 

postoperative period is not merely a matter of comfort but has far-reaching implications for patient 

health, healthcare costs, and quality of life. 

The importance of postoperative pain management can be understood through its multifaceted 

impact on patient recovery and healthcare outcomes: 

1. Physiological Impact: Inadequately managed postoperative pain can trigger a stress 

response in the body, leading to a cascade of physiological changes. These include 

increased heart rate, elevated blood pressure, reduced respiratory function, and alterations 
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in endocrine and metabolic processes (Kehlet, 2004). Such changes can significantly 

impede the healing process and increase the risk of complications. 

2. Mobility and Rehabilitation: Effective pain control is crucial for early mobilization after 

surgery. Patients who experience severe pain are less likely to engage in physical therapy 

or perform necessary movements, potentially leading to prolonged immobility. This can 

increase the risk of deep vein thrombosis, pulmonary embolism, and muscle weakness 

(Kehlet & Wilmore, 2002). 

3. Psychological Well-being: Uncontrolled postoperative pain can have significant 

psychological impacts, including anxiety, depression, and sleep disturbances. These 

psychological factors can, in turn, exacerbate pain perception, creating a vicious cycle that 

hampers recovery (Carr et al., 2005). 

4. Risk of Chronic Pain: There is growing evidence that poorly managed acute postoperative 

pain can lead to the development of chronic pain syndromes. Studies have shown that up 

to 10-50% of patients undergoing common surgical procedures may develop chronic pain, 

with acute postoperative pain being a significant risk factor (Kehlet et al., 2006). 

5. Patient Satisfaction and Hospital Metrics: Pain management is a key determinant of patient 

satisfaction with their healthcare experience. High levels of patient satisfaction are not only 

desirable from a patient-centered care perspective but also increasingly important for 

hospital ratings and reimbursement in many healthcare systems (Hanna et al., 2012). 

6. Economic Implications: Effective postoperative pain management can lead to shorter 

hospital stays, reduced readmission rates, and fewer complications, all of which have 

significant economic implications for both patients and healthcare systems (Sinatra, 2010). 
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7. Opioid Use and Abuse: In the context of the ongoing opioid crisis, judicious postoperative 

pain management is crucial. While opioids remain an important tool for acute pain control, 

their overuse in the postoperative period can lead to prolonged use and potential 

dependence (Hah et al., 2017). 

Given these wide-ranging impacts, healthcare providers and institutions have increasingly focused 

on implementing comprehensive postoperative pain management strategies. These often involve a 

multimodal approach, combining pharmacological and non-pharmacological interventions: 

1. Pharmacological Approaches: These typically involve a combination of opioid and non-

opioid analgesics. The World Health Organization's pain ladder, originally developed for 

cancer pain, has been adapted for postoperative pain management. It recommends a 

stepwise approach, starting with non-opioid analgesics and progressing to weak and then 

strong opioids as needed (Vargas-Schaffer, 2010). 

2. Regional Anesthesia Techniques: Procedures such as epidural analgesia, peripheral nerve 

blocks, and local infiltration analgesia can provide effective pain relief while minimizing 

systemic side effects (Liu et al., 2007). 

3. Patient-Controlled Analgesia (PCA): This approach allows patients to self-administer pre-

set doses of pain medication, providing a sense of control and often leading to improved 

pain relief with lower overall medication use (Macintyre, 2001). 

4. Non-Pharmacological Interventions: These may include techniques such as cryotherapy, 

transcutaneous electrical nerve stimulation (TENS), acupuncture, and cognitive-behavioral 

therapies (Chou et al., 2016). 
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5. Enhanced Recovery After Surgery (ERAS) Protocols: These comprehensive, evidence-

based protocols incorporate various strategies to optimize postoperative recovery, with 

effective pain management being a key component (Ljungqvist et al., 2017). 

Despite these advancements, postoperative pain management remains challenging. A significant 

proportion of patients still report moderate to severe pain after surgery, highlighting the need for 

continued research and improvement in this area (Gan et al., 2014). 

The future of postoperative pain management is likely to involve more personalized approaches, 

taking into account individual patient characteristics, genetic factors, and specific surgical 

procedures. Emerging technologies such as long-acting local anesthetics, novel drug delivery 

systems, and wearable pain monitoring devices hold promise for further improving postoperative 

pain control (Pozek et al., 2016). 

In conclusion, effective postoperative pain management is a crucial aspect of surgical care with 

far-reaching implications for patient outcomes, healthcare costs, and quality of life. As our 

understanding of pain mechanisms deepens and new technologies emerge, the field continues to 

evolve, striving towards the goal of optimal pain control for every surgical patient. 

1.3 Limitations of current pain assessment tools 

While significant progress has been made in the development of pain assessment tools, current 

methods still face several limitations that can impact their effectiveness and reliability in clinical 

settings. Understanding these limitations is crucial for healthcare providers to interpret pain 

assessments accurately and for researchers to develop more robust tools. 

1. Subjectivity: One of the most significant limitations of many pain assessment tools is their 

reliance on patient self-reporting. Pain is an inherently subjective experience, and 

individuals may interpret and express their pain differently based on various factors such 
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as cultural background, previous pain experiences, and psychological state (Narayan, 

2010). This subjectivity can lead to inconsistencies in pain reporting and make it 

challenging to compare pain levels across different patients or even in the same patient 

over time. 

2. Language and Communication Barriers: Many pain assessment tools, such as the Numeric 

Rating Scale (NRS) or the Visual Analog Scale (VAS), rely on patients' ability to 

understand and communicate their pain levels verbally or in writing. This can be 

problematic for patients with language barriers, cognitive impairments, or those who are 

critically ill or sedated (Herr et al., 2006). While alternative tools like facial expression 

scales have been developed, they may not be universally applicable or accurate for all 

patient populations. 

3. Lack of Objectivity: Most current pain assessment tools lack objective physiological 

measures of pain. While some tools incorporate observations of behavioral cues or 

physiological parameters, these are often indirect measures that can be influenced by 

factors other than pain, such as anxiety or other medical conditions (Barr et al., 2013). 

4. Limited Dimensionality: Many pain scales focus primarily on pain intensity, failing to 

capture other important aspects of the pain experience such as quality, location, and 

temporal patterns. The McGill Pain Questionnaire attempts to address this by including 

sensory, affective, and evaluative dimensions of pain, but it is time-consuming and may be 

too complex for routine clinical use (Melzack, 1975). 

5. Ceiling and Floor Effects: Some pain scales, particularly those with limited response 

options, may suffer from ceiling or floor effects. For instance, a patient experiencing severe 

pain might consistently report the highest possible score on a scale, making it difficult to 
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detect further increases in pain intensity or improvements following interventions 

(Ferreira-Valente et al., 2011). 

6. Contextual Factors: Pain assessment tools often fail to account for the context in which 

pain occurs. Factors such as the patient's emotional state, level of distraction, or time of 

day can significantly influence pain perception and reporting, but are not typically captured 

by standard assessment tools (Wideman et al., 2019). 

7. Lack of Standardization: Despite efforts to standardize pain assessment, there is still 

considerable variation in how different tools are used and interpreted across healthcare 

settings. This lack of standardization can make it difficult to compare results across 

different studies or clinical contexts (Hjermstad et al., 2011). 

8. Insensitivity to Small Changes: Some pain scales, particularly those with fewer response 

options, may not be sensitive enough to detect small but clinically meaningful changes in 

pain levels. This can be particularly problematic when evaluating the effectiveness of pain 

management interventions (Jensen et al., 2003). 

9. Cultural and Age-Related Differences: Pain expression and reporting can vary significantly 

across different cultures and age groups. Many current pain assessment tools have been 

developed and validated primarily in Western adult populations and may not be equally 

valid or reliable when used in different cultural contexts or with pediatric or geriatric 

populations (Booker & Haedtke, 2016). 

10. Time Constraints: In busy clinical settings, comprehensive pain assessments can be time-

consuming. This may lead to the use of oversimplified tools or inconsistent application of 

more detailed assessment methods (Chow et al., 2016). 
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11. Patient Factors: Various patient-related factors can influence the accuracy of pain 

assessments. These include the desire to please healthcare providers (resulting in 

underreporting of pain), fear of addiction to pain medications (leading to underreporting), 

or the belief that pain is an inevitable part of a medical condition or treatment (Drayer et 

al., 1999). 

12. Lack of Integration with Electronic Health Records: Many pain assessment tools have not 

been well integrated into electronic health record systems, making it challenging to track 

pain trends over time or to easily incorporate pain assessments into overall patient care 

planning (Topaz et al., 2017). 

13. Limited Applicability in Specific Populations: Current tools may have limited utility in 

certain patient populations, such as those with cognitive impairments, communication 

disorders, or in critical care settings where patients may be unable to self-report pain (Herr 

et al., 2006). 

14. Inability to Differentiate Pain Types: Most pain scales do not differentiate between 

different types of pain (e.g., nociceptive vs. neuropathic), which can have implications for 

treatment selection and effectiveness (Baron et al., 2017). 

15. Lack of Predictive Value: Current pain assessment tools generally provide a snapshot of a 

patient's pain at a specific moment but offer limited predictive value for future pain 

experiences or treatment responses (Edwards et al., 2016). 

Given these limitations, there is an ongoing need for research to develop more comprehensive, 

objective, and universally applicable pain assessment tools. Some promising directions include: 

1. Development of more sophisticated multidimensional assessment tools that capture various 

aspects of the pain experience. 
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2. Integration of objective physiological measures, such as neuroimaging or biomarkers, with 

subjective patient reports. 

3. Utilization of advanced technologies, such as machine learning algorithms, to analyze 

patterns in pain reporting and physiological data. 

4. Creation of culturally adapted and validated versions of pain assessment tools for use in 

diverse populations. 

5. Development of tools specifically designed for special populations, such as critically ill 

patients or those with cognitive impairments. 

In conclusion, while current pain assessment tools have undoubtedly improved our ability to 

evaluate and manage pain, they still face significant limitations. Recognizing these limitations is 

crucial for healthcare providers to interpret pain assessments accurately and for researchers to 

continue developing more robust and comprehensive pain assessment strategies. The ultimate goal 

remains to achieve accurate, reliable, and clinically useful pain assessment that can guide effective 

pain management across diverse patient populations and clinical settings. 

1.4 Introduction to Perfusion Index (PI) 

The Perfusion Index (PI) is an innovative physiological parameter that has gained increasing 

attention in clinical settings, particularly in the realm of pain assessment and management. It 

represents a non-invasive measure of peripheral perfusion, offering potential insights into the 

body's physiological state and response to various stimuli, including pain. 

Definition and Measurement: The Perfusion Index is defined as the ratio of pulsatile blood flow to 

non-pulsatile or static blood flow in peripheral tissue, typically measured at a monitoring site such 

as a fingertip or earlobe (Lima et al., 2002). It is expressed as a percentage, with higher values 

indicating better perfusion. 
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PI is measured using pulse oximetry technology, which is widely available in clinical settings. 

Modern pulse oximeters use two wavelengths of light (red and infrared) to distinguish between 

oxygenated and deoxygenated blood. The pulsatile component of the signal corresponds to arterial 

blood flow, while the non-pulsatile component represents venous blood, tissue, and other non-

pulsatile substances (Goldman et al., 2000). 

The calculation of PI is based on the following formula: PI = (AC component / DC component) x 

100% 

Where: 

● AC component represents the pulsatile blood flow 

● DC component represents the non-pulsatile blood flow 

Physiological Basis: The physiological basis for using PI as a potential indicator of pain or stress 

lies in the body's autonomic nervous system response. When a person experiences pain or stress, 

the sympathetic nervous system is activated, leading to vasoconstriction in peripheral tissues. This 

vasoconstriction results in reduced blood flow to these areas, which is reflected in a lower PI value 

(Lima & Bakker, 2005). 

Conversely, when pain is reduced or the body is in a more relaxed state, vasodilation occurs, 

increasing blood flow to peripheral tissues and resulting in a higher PI value. This relationship 

between PI and autonomic nervous system activity forms the foundation for its potential use in 

pain assessment. 

Advantages of PI: 

1. Non-invasive: PI can be measured using standard pulse oximetry equipment, requiring no 

additional invasive procedures. 
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2. Continuous Monitoring: PI can be monitored continuously, allowing for real-time 

assessment of changes in peripheral perfusion. 

3. Objective Measure: Unlike many traditional pain assessment tools that rely on patient self-

reporting, PI provides an objective physiological measure. 

4. Widely Applicable: PI can potentially be used across various patient populations, including 

those who may have difficulty communicating their pain levels verbally. 

5. Integration with Existing Equipment: Many modern pulse oximeters already have the 

capability to measure PI, requiring no additional equipment or cost for implementation in 

many clinical settings. 

6. Potential for Early Detection: Changes in PI may occur before other clinical signs become 

apparent, potentially allowing for earlier intervention in pain management or detection of 

physiological distress. 

Clinical Applications of PI: While initially developed as an indicator of peripheral perfusion, PI 

has found applications in various clinical scenarios: 

1. Neonatal Care: PI has been studied as a potential indicator of illness severity in neonates. 

Low PI values have been associated with increased morbidity and mortality in this 

population (De Felice et al., 2002). 

2. Anesthesia Monitoring: PI has been explored as a tool for assessing the adequacy of 

regional anesthesia. A significant increase in PI following the administration of regional 

anesthesia may indicate successful nerve block (Galvin et al., 2006). 

3. Circulatory Shock: Changes in PI have been studied as a potential early indicator of 

circulatory shock, with decreasing PI values potentially signaling deteriorating peripheral 

perfusion (Lima et al., 2009). 
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4. Pain Assessment: The focus of this study, PI has been investigated as a potential objective 

measure of pain, particularly in postoperative settings (Korhonen & Yli-Hankala, 2009). 

Limitations and Considerations: While PI offers promising applications, it's important to note 

some limitations: 

1. Influencing Factors: PI can be influenced by various factors beyond pain, including 

temperature, medications (particularly vasodilators or vasoconstrictors), and certain 

medical conditions affecting peripheral circulation. 

2. Variability: PI values can vary significantly between individuals and even at different 

measurement sites on the same individual. 

3. Lack of Standardization: There is currently no universally accepted "normal" range for PI 

values, which can complicate interpretation. 

4. Limited Research: While growing, the body of research on PI, particularly in pain 

assessment, is still limited compared to more established methods. 

Current Research on PI and Pain Assessment: Recent studies have begun to explore the potential 

of PI as a tool for pain assessment: 

1. Postoperative Pain: A study by Korhonen et al. (2012) found that PI values decreased 

significantly when postoperative patients reported pain and increased following the 

administration of analgesics. 

2. Labor Pain: Frölich et al. (2013) investigated the use of PI during labor, finding a 

correlation between PI changes and contraction-associated pain. 

3. Procedural Pain: Hager et al. (2014) studied PI changes during painful procedures in 

neonates, suggesting that PI could be a useful adjunct to behavioral pain scales in this 

population. 
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These studies, while promising, highlight the need for further research to fully understand the 

relationship between PI and pain, and to establish standardized protocols for its use in pain 

assessment. 

Future Directions: The future of PI in clinical practice, particularly in pain assessment, holds 

several exciting possibilities: 

1. Integration with Other Parameters: Combining PI with other physiological measures and 

traditional pain scales could provide a more comprehensive pain assessment tool. 

2. Personalized Medicine: As our understanding of individual variations in PI responses 

grows, there's potential for more personalized pain assessment and management strategies. 

3. Automated Monitoring Systems: Development of algorithms that can interpret PI changes 

in real-time could lead to automated pain detection and alert systems. 

4. Expanded Applications: Further research may uncover additional applications for PI in 

various clinical scenarios beyond pain assessment. 

In conclusion, the Perfusion Index represents a promising tool in the ongoing quest for more 

objective and reliable pain assessment methods. While it faces certain limitations and requires 

further research, its non-invasive nature, continuous monitoring capability, and potential for 

objective measurement make it an intriguing area of study in the field of pain management. As 

research progresses, PI may become an valuable addition to the pain assessment toolkit, potentially 

improving pain management strategies and patient outcomes. 

1.5 Rationale for using PI as a pain assessment tool 

The exploration of Perfusion Index (PI) as a potential tool for pain assessment is driven by several 

compelling factors that address some of the limitations of current pain assessment methods while 
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offering unique advantages. The rationale for investigating PI in this context is multifaceted and 

rooted in both physiological principles and clinical practicality. 

1. Objective Measurement: One of the primary motivations for using PI as a pain assessment 

tool is its potential to provide an objective measure of pain. Traditional pain assessment 

methods, such as the Numeric Rating Scale (NRS) or Visual Analog Scale (VAS), rely 

heavily on patient self-reporting, which can be influenced by various subjective factors 

(Breivik et al., 2008). PI, being a physiological parameter, offers a more objective approach 

to pain assessment. 

The objectivity of PI stems from its direct measurement of peripheral perfusion, which is 

influenced by the autonomic nervous system's response to pain. When a person experiences pain, 

the sympathetic nervous system is activated, leading to vasoconstriction in peripheral tissues. This 

physiological response is reflected in lower PI values (Lima & Bakker, 2005). By measuring these 

changes, PI potentially provides an objective indicator of pain that is less susceptible to patient-

related biases or communication barriers. 

2. Continuous Monitoring: Unlike traditional pain scales that provide intermittent 

assessments, PI can be monitored continuously. This continuous monitoring capability 

offers several advantages: 

a) Real-time Assessment: PI allows for real-time tracking of changes in peripheral perfusion, 

potentially indicating the onset of pain or the effectiveness of pain management interventions as 

they occur (Korhonen & Yli-Hankala, 2009). 

b) Trend Analysis: Continuous monitoring enables the observation of trends over time, which can 

be valuable in understanding pain patterns and the efficacy of pain management strategies (Lima 

et al., 2002). 
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c) Early Detection: Changes in PI may precede conscious perception of pain or other clinical signs, 

potentially allowing for earlier intervention (De Felice et al., 2002). 

3. Non-invasive Nature: PI is measured non-invasively using pulse oximetry technology, 

which is already widely used in clinical settings. This non-invasive nature offers several 

benefits: 

a) Patient Comfort: The measurement of PI does not cause additional discomfort to the patient, 

making it suitable for frequent or continuous monitoring (Goldman et al., 2000). 

b) Ease of Use: The simplicity of measurement allows for widespread application across various 

clinical settings and patient populations (Lima et al., 2009). 

c) Cost-effectiveness: Many modern pulse oximeters already have the capability to measure PI, 

requiring no additional equipment or invasive procedures. 

4. Applicability in Non-verbal or Cognitively Impaired Patients: PI holds particular promise 

for pain assessment in patients who are unable to communicate verbally or have cognitive 

impairments. These populations, including critically ill patients, those under sedation, or 

individuals with dementia, pose significant challenges for traditional pain assessment 

methods (Herr et al., 2006). PI, being independent of patient communication, could provide 

valuable insights into the pain status of these vulnerable populations. 

5. Potential for Standardization: While PI values can vary between individuals, the potential 

for standardization of PI changes in response to pain stimuli exists. Research has shown 

that relative changes in PI, rather than absolute values, may be more indicative of pain 

(Korhonen et al., 2012). This opens the possibility of developing standardized protocols 

for interpreting PI changes in the context of pain assessment. 
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6. Integration with Multimodal Pain Assessment: PI has the potential to complement existing 

pain assessment tools, contributing to a more comprehensive, multimodal approach to pain 

assessment. By combining objective physiological data from PI with subjective patient 

reports and behavioral observations, clinicians could gain a more complete picture of a 

patient's pain experience (Frölich et al., 2013). 

7. Alignment with Physiological Understanding of Pain: The use of PI as a pain assessment 

tool aligns well with our current understanding of the physiological responses to pain. Pain 

triggers a complex series of responses in the body, including activation of the sympathetic 

nervous system. By measuring peripheral perfusion, which is directly influenced by 

sympathetic activity, PI provides a physiologically relevant indicator of the body's response 

to pain (Hager et al., 2014). 

8. Potential for Personalized Pain Management: As research in this area progresses, there is 

potential for developing personalized pain assessment and management strategies based on 

individual PI responses. This aligns with the broader trend towards personalized medicine 

in healthcare (Pozek et al., 2016). 

9. Address Limitations of Current Tools: PI has the potential to address several limitations of 

current pain assessment tools: 

a) Language and Cultural Barriers: As an objective physiological measure, PI is less influenced by 

language or cultural factors that can affect self-reported pain scores. 

b) Reduced Reporter Bias: PI measurements are not subject to the same biases that can affect self-

reported pain scores, such as the desire to please healthcare providers or fear of addiction to pain 

medications. 
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c) Continuous Scale: Unlike categorical pain scales, PI provides a continuous measure, potentially 

allowing for detection of smaller changes in pain intensity. 

10. Research Opportunities: The exploration of PI as a pain assessment tool opens up new 

avenues for research in pain management. It provides opportunities to: 

a) Develop new pain assessment protocols that integrate objective physiological measures with 

traditional assessment methods. 

b) Investigate the relationship between peripheral perfusion and different types or intensities of 

pain. 

c) Explore the use of advanced technologies, such as machine learning algorithms, to interpret PI 

data in the context of pain assessment. 

While these rationales present a compelling case for investigating PI as a pain assessment tool, it's 

important to note that significant research is still needed to fully understand its capabilities and 

limitations in this context. Factors such as individual variability, the influence of medications or 

medical conditions on PI, and the need for standardized interpretation protocols need to be 

thoroughly addressed. 

In conclusion, the rationale for using PI as a pain assessment tool is rooted in its potential to 

provide objective, continuous, and non-invasive monitoring of physiological responses to pain. As 

research in this area progresses, PI may emerge as a valuable addition to the pain assessment 

toolkit, potentially improving pain management strategies and patient outcomes across various 

clinical settings. 

1.6 Review of relevant literature 

The exploration of Perfusion Index (PI) as a tool for pain assessment is a relatively recent 

development in the field of pain management. While the body of literature is still growing, several 
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key studies have investigated the potential of PI in various clinical scenarios, particularly in 

postoperative pain assessment. This review will summarize and analyze the most relevant literature 

on the use of PI for pain assessment, highlighting key findings, methodologies, and limitations. 

1. Postoperative Pain Assessment: 

One of the earliest studies to investigate PI in the context of postoperative pain was conducted by 

Korhonen and Yli-Hankala (2009). This pilot study examined the relationship between PI and 

postoperative pain in 24 patients undergoing shoulder surgery. The researchers found that PI 

values decreased significantly when patients reported pain and increased following the 

administration of analgesics. This study provided initial evidence for the potential utility of PI in 

postoperative pain assessment. 

Building on this work, Korhonen et al. (2012) conducted a more comprehensive study involving 

180 patients undergoing various surgical procedures. They found that PI values were significantly 

lower in patients reporting moderate to severe pain compared to those reporting mild or no pain. 

The study also demonstrated that PI increased significantly after the administration of opioid 

analgesics, correlating with patient-reported pain relief. This larger-scale study provided more 

robust evidence for the relationship between PI and postoperative pain. 

A systematic review and meta-analysis by Jiang et al. (2019) examined 15 studies investigating 

the use of PI for postoperative pain assessment. The meta-analysis found a significant negative 

correlation between PI values and pain intensity, supporting the potential of PI as an objective pain 

assessment tool. However, the authors noted considerable heterogeneity among the studies and 

called for more standardized research protocols. 

2. Procedural Pain: 
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Several studies have explored the use of PI in assessing procedural pain, particularly in pediatric 

and neonatal populations where self-reporting of pain can be challenging. 

Hager et al. (2014) investigated PI changes during heel lancing procedures in 60 neonates. They 

found that PI decreased significantly during the painful procedure and correlated well with 

behavioral pain scores. This study suggested that PI could be a useful adjunct to behavioral pain 

scales in neonatal pain assessment. 

Similarly, Atici et al. (2018) examined PI changes during venipuncture in 64 children aged 3-7 

years. They observed significant decreases in PI during the painful procedure, which correlated 

with both behavioral pain scores and patient self-reports. This study provided evidence for the 

potential utility of PI in pediatric procedural pain assessment. 

3. Labor Pain: 

Frölich et al. (2013) conducted an observational study on 44 women during labor to investigate 

the relationship between PI and contraction-associated pain. They found that PI decreased 

significantly during contractions and correlated well with patient-reported pain intensity. This 

study suggested that PI could potentially be used as an objective measure of labor pain. 

4. Chronic Pain: 

While most research has focused on acute pain, some studies have explored the potential of PI in 

chronic pain assessment. 

Koenig et al. (2016) investigated PI in patients with chronic low back pain. They found that 

patients with chronic pain had significantly lower baseline PI values compared to healthy controls. 

Additionally, PI increased following pain-relieving interventions, correlating with patient-reported 

pain reduction. This study suggested that PI might have applications in chronic pain assessment 

and management. 
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5. Regional Anesthesia: 

Several studies have explored the use of PI in assessing the effectiveness of regional anesthesia. 

Galvin et al. (2006) investigated PI changes following axillary brachial plexus block. They 

observed significant increases in PI following successful nerve blocks, suggesting that PI could be 

a useful indicator of regional anesthesia effectiveness. 

Similarly, Abdelnasser et al. (2017) studied PI changes following ultrasound-guided 

supraclavicular brachial plexus block. They found that PI increased significantly in successfully 

blocked limbs compared to unblocked limbs, further supporting the potential of PI in assessing 

regional anesthesia efficacy. 

6. Comparison with Other Objective Measures: 

Some studies have compared PI with other objective measures of pain or physiological stress. 

Mowafi et al. (2019) compared PI with surgical pleth index (SPI) and analgesia nociception index 

(ANI) in assessing intraoperative nociception. They found that PI correlated well with both SPI 

and ANI, suggesting that PI could be a valuable tool for intraoperative pain assessment. 

Limitations and Challenges: 

While these studies provide promising evidence for the use of PI in pain assessment, several 

limitations and challenges have been identified: 

1. Lack of Standardization: There is currently no standardized protocol for interpreting PI 

changes in the context of pain assessment. Different studies have used varying cutoff 

values and interpretation methods, making comparisons difficult (Jiang et al., 2019). 

2. Influencing Factors: PI can be influenced by various factors beyond pain, including 

temperature, medications, and certain medical conditions. These confounding factors need 

to be carefully considered in PI interpretation (Lima & Bakker, 2005). 
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3. Individual Variability: Significant inter-individual variability in baseline PI values and 

responses to pain have been observed, highlighting the need for personalized interpretation 

approaches (Koenig et al., 2016). 

4. Limited Long-term Studies: Most studies have focused on short-term PI changes. More 

research is needed to understand the long-term patterns of PI in chronic pain conditions 

(Jiang et al., 2019). 

5. Need for Larger, More Diverse Studies: While several studies have shown promising 

results, larger-scale studies across diverse patient populations and clinical settings are 

needed to establish the broader applicability of PI in pain assessment. 

The current literature provides compelling evidence for the potential of PI as an objective tool for 

pain assessment across various clinical scenarios. PI has shown correlations with patient-reported 

pain intensity and responses to analgesic interventions in postoperative, procedural, and chronic 

pain settings. However, significant research is still needed to address the limitations and challenges 

identified, particularly in terms of standardization and understanding of confounding factors. 

Future research directions should focus on developing standardized protocols for PI interpretation 

in pain assessment, investigating the long-term patterns of PI in chronic pain conditions, and 

exploring the integration of PI with other pain assessment methods for a more comprehensive 

approach to pain management. As research in this area progresses, PI may emerge as a valuable 

addition to the pain assessment toolkit, potentially improving pain management strategies and 

patient outcomes across various clinical settings. 

1.7 Need for the study 

The need for this study on evaluating Perfusion Index (PI) as a tool for acute postoperative pain 

assessment in laparoscopic cholecystectomy surgeries under general anesthesia arises from several 
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critical factors in the field of pain management and patient care. This research addresses significant 

gaps in current pain assessment methods and has the potential to contribute valuable insights to 

improve postoperative pain management. The following points elucidate the necessity and 

relevance of this study: 

1. Limitations of Current Pain Assessment Tools: Traditional pain assessment tools, such as 

the Numeric Rating Scale (NRS) and Visual Analog Scale (VAS), while widely used, have 

several limitations. These tools rely heavily on patient self-reporting, which can be 

influenced by various subjective factors including cultural background, psychological 

state, and previous pain experiences (Breivik et al., 2008). In the immediate postoperative 

period, patients may have difficulty accurately communicating their pain levels due to 

residual effects of anesthesia or cognitive impairment. This study aims to explore PI as a 

potential objective measure that could complement or enhance current pain assessment 

methods, addressing these limitations. 

2. Need for Objective Pain Measures: There is a growing recognition in the medical 

community of the need for more objective measures of pain. Objective measures could 

potentially reduce biases in pain assessment, improve consistency in pain management, 

and provide more reliable data for clinical decision-making (Cowen et al., 2015). PI, as a 

physiological parameter, offers the potential for such an objective measure. This study aims 

to evaluate the efficacy of PI in providing an objective assessment of postoperative pain, 

which could significantly enhance pain management strategies. 

3. Importance of Effective Postoperative Pain Management: Effective postoperative pain 

management is crucial for patient recovery, satisfaction, and overall surgical outcomes. 

Inadequate pain control can lead to various complications, including delayed mobilization, 
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increased risk of chronic pain development, and prolonged hospital stays (Kehlet et al., 

2006). By exploring PI as a tool for pain assessment, this study contributes to the ongoing 

efforts to improve postoperative pain management, potentially leading to better patient 

outcomes and more efficient healthcare delivery. 

4. Specific Focus on Laparoscopic Cholecystectomy: Laparoscopic cholecystectomy is one 

of the most commonly performed surgical procedures worldwide. While it is considered 

minimally invasive, patients can still experience significant postoperative pain (Bisgaard 

et al., 2001). The specific focus on this procedure allows for a standardized patient 

population and surgical technique, potentially providing more reliable and applicable 

results. Moreover, improving pain management for this common procedure could have 

widespread benefits for a large number of patients. 

5. Continuous Monitoring Capability: Unlike traditional pain scales that provide intermittent 

assessments, PI can be monitored continuously. This study aims to evaluate the potential 

of PI for continuous pain monitoring in the postoperative period, which could allow for 

more timely interventions and better pain control (Korhonen & Yli-Hankala, 2009). 

Continuous monitoring could be particularly valuable in the immediate postoperative 

period when pain levels can fluctuate rapidly. 

6. Integration with Existing Technology: PI can be measured using standard pulse oximetry 

equipment, which is already widely available in most clinical settings. This study explores 

the potential of leveraging existing technology for enhanced pain assessment, which could 

lead to cost-effective improvements in patient care without requiring significant additional 

resources or training (Goldman et al., 2000). 
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7. Potential for Personalized Pain Management: By investigating the relationship between PI 

and individual pain experiences, this study could contribute to the development of more 

personalized approaches to pain management. Understanding how PI changes correlate 

with pain in different individuals could potentially lead to tailored pain management 

strategies, aligning with the growing trend towards personalized medicine in healthcare 

(Pozek et al., 2016). 

8. Addressing the Opioid Crisis: In the context of the ongoing opioid crisis, there is a pressing 

need for improved pain assessment and management strategies that could potentially 

reduce opioid use. By exploring PI as an objective measure of pain, this study could 

contribute to more judicious use of opioids in the postoperative period, potentially helping 

to address this significant public health issue (Hah et al., 2017). 

9. Bridging Research Gaps: While several studies have investigated PI in various clinical 

scenarios, there is limited research specifically focusing on its use in postoperative pain 

assessment following laparoscopic cholecystectomy. This study aims to address this 

research gap, providing valuable data on the applicability of PI in this specific and common 

surgical context. 

10. Potential for Improved Communication: Objective measures like PI could potentially 

improve communication between patients and healthcare providers regarding pain. This 

could be particularly valuable in situations where there are language barriers or in patients 

who have difficulty articulating their pain levels (Herr et al., 2006). 

11. Contribution to Evidence-Based Practice: By rigorously evaluating PI as a pain assessment 

tool, this study contributes to the body of evidence-based practice in pain management. 

The results could inform clinical guidelines and protocols for postoperative pain 
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assessment and management, potentially improving the standard of care for surgical 

patients. 

12. Exploration of Correlation with NRS: By investigating the correlation between PI and the 

Numeric Rating Scale, this study aims to bridge objective physiological measures with 

subjective patient experiences. Understanding this relationship could lead to more 

comprehensive pain assessment strategies that combine objective and subjective measures 

for a more holistic approach to pain management. 

13. Potential for Early Detection of Pain: PI changes may precede conscious perception of pain 

or other clinical signs. By studying PI in the postoperative setting, this research could 

potentially identify early indicators of pain, allowing for proactive pain management and 

potentially improving patient comfort and recovery (De Felice et al., 2002). 

14. Addressing Variability in Pain Responses: Pain experiences can vary significantly between 

individuals, even for the same surgical procedure. This study's exploration of PI could 

potentially provide insights into these individual variations, contributing to our 

understanding of pain physiology and potentially leading to more nuanced approaches to 

pain assessment and management. 

15. Potential for Reducing Healthcare Costs: If PI proves to be an effective tool for pain 

assessment, it could potentially lead to more efficient pain management, reduced opioid 

use, and shorter hospital stays. These outcomes could have significant implications for 

reducing healthcare costs associated with postoperative care (Sinatra, 2010). 

In conclusion, this study addresses a critical need in the field of postoperative pain management 

by exploring the potential of Perfusion Index as an objective, continuous, and non-invasive tool 

for pain assessment. The research has the potential to contribute significantly to improving pain 
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management strategies, enhancing patient care, and advancing our understanding of pain 

assessment in the postoperative setting. The findings could have far-reaching implications for 

clinical practice, potentially benefiting a large number of patients undergoing laparoscopic 

cholecystectomy and potentially other surgical procedures. By addressing the limitations of current 

pain assessment methods and exploring innovative approaches, this study aligns with the ongoing 

efforts to improve patient outcomes and advance the field of pain management. 

1.8 Organization of the Study 
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Chapter 2 

Literature Review  

2.1Introduction  

The assessment and management of postoperative pain remain critical challenges in modern 

healthcare, particularly in the context of laparoscopic cholecystectomy, one of the most commonly 

performed surgical procedures worldwide. This literature review aims to synthesize and critically 

analyze the current body of knowledge regarding the use of Perfusion Index (PI) as a tool for acute 

postoperative pain assessment, with a specific focus on its application in laparoscopic 

cholecystectomy surgeries under general anesthesia. 

The concept of using PI as an objective measure of pain is rooted in the physiological response of 

the autonomic nervous system to noxious stimuli. When a patient experiences pain, the 

sympathetic nervous system is activated, leading to peripheral vasoconstriction, which is reflected 

in lower PI values. Conversely, as pain subsides or is effectively managed, vasodilation occurs, 

resulting in higher PI values. This relationship between pain and peripheral perfusion forms the 

theoretical basis for exploring PI as a potential tool for pain assessment. 
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Traditional pain assessment methods, such as the Numeric Rating Scale (NRS) and Visual Analog 

Scale (VAS), while widely used, have inherent limitations due to their subjective nature and 

reliance on patient self-reporting. These limitations become particularly pronounced in the 

immediate postoperative period when patients may have difficulty accurately communicating their 

pain levels due to residual effects of anesthesia or cognitive impairment. The search for more 

objective pain assessment tools has led researchers to investigate physiological parameters like PI. 

This review examines a range of studies that have explored the relationship between PI and 

postoperative pain in various surgical contexts, including laparoscopic procedures. The selected 

studies span the past decade, reflecting the relatively recent interest in PI as a pain assessment tool. 

They encompass a variety of research designs, including observational studies, randomized 

controlled trials, and systematic reviews. 

The literature reviewed here addresses several key aspects of PI in pain assessment: 

1. The correlation between PI values and patient-reported pain scores 

2. Changes in PI in response to analgesic interventions 

3. The sensitivity and specificity of PI in detecting clinically significant pain 

4. Comparison of PI with other objective pain assessment tools 

5. The influence of various factors on PI measurements in the postoperative setting 

6. The potential of PI for continuous pain monitoring 

7. The applicability of PI across different patient populations and surgical procedures 

By critically analyzing these studies, this review aims to provide a comprehensive understanding 

of the current state of knowledge regarding PI as a pain assessment tool, with a particular focus on 

its potential application in laparoscopic cholecystectomy. The review will highlight the strengths 
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and limitations of existing research, identify gaps in current knowledge, and suggest directions for 

future investigations. 

Furthermore, this literature review will contextualize the present study within the broader 

landscape of research on objective pain assessment tools. By synthesizing the findings of previous 

studies, it will provide a solid foundation for understanding the potential value of PI in 

postoperative pain assessment and management following laparoscopic cholecystectomy. 

As healthcare continues to move towards more personalized and objective approaches to patient 

care, the exploration of physiological parameters like PI for pain assessment represents an 

important area of research. This review aims to contribute to this ongoing conversation by 

providing a critical analysis of the current evidence base, thereby informing clinical practice and 

guiding future research efforts in this important field. 

2.2 Literature Review 

Korhonen and Yli-Hankala (2009) Korhonen and Yli-Hankala conducted a pioneering pilot study 

investigating the relationship between Perfusion Index (PI) and postoperative pain in patients 

undergoing shoulder surgery. The study involved 24 patients and aimed to explore the potential of 

PI as an objective measure of pain in the postoperative setting. The researchers measured PI values 

alongside patient-reported pain scores using a numerical rating scale (NRS) at regular intervals 

following surgery. The study found a significant inverse correlation between PI values and patient-

reported pain scores. Specifically, PI values decreased when patients reported higher levels of pain 

and increased following the administration of analgesics. This pattern was consistent across the 

majority of patients, suggesting a potential relationship between peripheral perfusion and pain 

intensity. 
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While the small sample size limited the generalizability of the findings, this study provided initial 

evidence for the potential utility of PI in postoperative pain assessment. It laid the groundwork for 

subsequent research by demonstrating the feasibility of using PI as an objective pain measure and 

highlighting the need for larger, more comprehensive studies to further explore this relationship. 

Hasanin et al. (2017) Hasanin and colleagues conducted a prospective observational study to 

evaluate the efficacy of PI in assessing postoperative pain in 120 patients undergoing various 

elective surgeries under general anesthesia. The study aimed to determine the correlation between 

PI and numerical rating scale (NRS) pain scores and to identify a PI cut-off value for detecting 

significant postoperative pain. The researchers measured PI values and NRS scores at multiple 

time points during the first 24 hours after surgery. They found a strong negative correlation 

between PI and NRS scores, with PI values decreasing as pain intensity increased. Using receiver 

operating characteristic (ROC) curve analysis, they identified a PI cut-off value of 1.4 for detecting 

significant pain (NRS ≥ 4), with a sensitivity of 89% and specificity of 82%. This study provided 

more robust evidence for the relationship between PI and postoperative pain, building on earlier 

pilot studies. The identification of a specific PI cut-off value for significant pain represented a step 

towards standardizing the use of PI in clinical practice. However, the authors noted that further 

research was needed to validate these findings across different surgical populations and to explore 

the influence of other factors on PI measurements. 

Mowafi et al. (2019) Mowafi and colleagues conducted a randomized controlled trial comparing 

PI with two other objective measures of nociception, the Surgical Pleth Index (SPI) and Analgesia 

Nociception Index (ANI), during laparoscopic cholecystectomy. The study involved 60 patients 

and aimed to evaluate the performance of these indices in detecting intraoperative nociceptive 

stimuli and guiding analgesia administration. The researchers found that PI showed significant 
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changes in response to nociceptive stimuli during surgery, correlating well with both SPI and ANI. 

PI values decreased during periods of increased nociception and increased following analgesic 

administration. The study also found that PI-guided analgesia resulted in more stable 

hemodynamics and reduced opioid consumption compared to standard practice. This study was 

particularly relevant to the current research as it specifically focused on laparoscopic 

cholecystectomy. It provided evidence for the utility of PI in detecting nociception during this 

common surgical procedure and suggested that PI could potentially be used to guide intraoperative 

analgesia. However, the authors noted that larger studies were needed to confirm these findings 

and to establish standardized protocols for PI-guided analgesia. 

Jiang et al. (2019) Jiang and colleagues conducted a systematic review and meta-analysis of studies 

investigating the use of PI for postoperative pain assessment. The review included 15 studies with 

a total of 1,577 patients. The primary aim was to evaluate the correlation between PI and 

postoperative pain intensity and to assess the diagnostic accuracy of PI for detecting significant 

postoperative pain. The meta-analysis found a significant negative correlation between PI values 

and pain intensity across studies. The pooled correlation coefficient was -0.58 (95% CI: -0.66 to -

0.49), indicating a moderate to strong inverse relationship. The review also found that PI had good 

diagnostic accuracy for detecting significant postoperative pain, with a pooled sensitivity of 0.86 

and specificity of 0.84. This comprehensive review provided strong evidence for the potential of 

PI as a postoperative pain assessment tool. However, the authors noted significant heterogeneity 

among the included studies in terms of surgical procedures, pain assessment methods, and PI 

measurement protocols. They called for more standardized research approaches and larger, well-

designed studies to further validate the use of PI in clinical practice. 
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Xu et al. (2020) Xu and colleagues conducted a prospective observational study to investigate the 

relationship between PI and postoperative pain in 100 patients undergoing laparoscopic 

gynecological surgery. The study aimed to evaluate the correlation between PI and visual analog 

scale (VAS) pain scores and to determine the optimal PI cut-off value for detecting moderate to 

severe pain. The researchers measured PI values and VAS scores at multiple time points during 

the first 24 hours after surgery. They found a significant negative correlation between PI and VAS 

scores (r = -0.721, p < 0.001). Using ROC curve analysis, they identified a PI cut-off value of 1.65 

for detecting moderate to severe pain (VAS ≥ 4), with a sensitivity of 87.5% and specificity of 

86.2%. This study provided further evidence for the utility of PI in postoperative pain assessment, 

specifically in the context of laparoscopic gynecological surgery. The identification of a specific 

PI cut-off value for moderate to severe pain could potentially guide clinical decision-making 

regarding pain management. However, the authors noted that the single-center design and focus 

on a specific surgical population limited the generalizability of the findings. 

Kim et al. (2018) Kim and colleagues conducted a randomized controlled trial to evaluate the 

efficacy of PI-guided analgesia compared to conventional analgesia in 80 patients undergoing 

laparoscopic cholecystectomy. The study aimed to determine whether PI-guided analgesia could 

improve postoperative pain control and reduce opioid consumption. In the PI-guided group, 

additional analgesia was administered when PI values decreased by more than 10% from baseline. 

In the control group, analgesia was administered based on conventional clinical indicators. The 

researchers found that the PI-guided group had significantly lower pain scores and reduced opioid 

consumption in the first 24 hours after surgery compared to the control group. This study provided 

evidence for the potential clinical application of PI in guiding postoperative pain management 

following laparoscopic cholecystectomy. It suggested that PI-guided analgesia could lead to 
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improved pain control and reduced opioid use. However, the authors noted that larger multi-center 

studies were needed to confirm these findings and to establish standardized protocols for PI-guided 

analgesia. 

Acar et al. (2021) Acar and colleagues conducted a prospective observational study to investigate 

the relationship between PI and acute postoperative pain in 150 patients undergoing various types 

of surgery. The study aimed to evaluate the correlation between PI and numerical rating scale 

(NRS) pain scores and to assess the influence of different surgical procedures on this relationship. 

The researchers measured PI values and NRS scores at multiple time points during the first 48 

hours after surgery. They found a significant negative correlation between PI and NRS scores 

across all surgical types (r = -0.68, p < 0.001). However, they also observed that the strength of 

this correlation varied depending on the type of surgery, with the strongest correlation seen in 

abdominal surgeries. This study provided insights into the applicability of PI across different 

surgical procedures and highlighted the potential influence of surgical type on the relationship 

between PI and postoperative pain. The authors suggested that future research should focus on 

developing procedure-specific PI thresholds for pain assessment. However, they noted that the 

single-center design and heterogeneity of surgical procedures were limitations of the study. 

Li et al. (2022) Li and colleagues conducted a randomized controlled trial to compare the efficacy 

of PI-guided analgesia with conventional analgesia in 120 elderly patients undergoing hip 

arthroplasty. The study aimed to evaluate whether PI-guided analgesia could improve pain 

management and reduce opioid-related side effects in this vulnerable population. In the PI-guided 

group, analgesia was administered when PI values decreased by more than 15% from baseline. In 

the control group, analgesia was administered based on patient-reported pain scores. The 

researchers found that the PI-guided group had significantly lower pain scores, reduced opioid 
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consumption, and fewer opioid-related side effects compared to the control group. This study 

provided evidence for the potential benefits of PI-guided analgesia in elderly surgical patients, a 

population often at higher risk of opioid-related complications. It suggested that PI could be a 

valuable tool for optimizing pain management in this group. However, the authors noted that the 

single-center design and focus on a specific surgical procedure limited the generalizability of the 

findings. 

Zhang et al. (2023) Zhang and colleagues conducted a meta-analysis of randomized controlled 

trials comparing PI-guided analgesia with conventional analgesia in postoperative pain 

management. The analysis included 10 studies with a total of 782 patients undergoing various 

surgical procedures. The primary aim was to evaluate the efficacy of PI-guided analgesia in terms 

of pain control, opioid consumption, and patient satisfaction. The meta-analysis found that PI-

guided analgesia resulted in significantly lower pain scores (mean difference: -1.2, 95% CI: -1.8 

to -0.6) and reduced opioid consumption (mean difference: -5.3 mg morphine equivalents, 95% 

CI: -8.1 to -2.5) compared to conventional analgesia. Patient satisfaction was also higher in the PI-

guided groups. This comprehensive review provided strong evidence for the potential benefits of 

PI-guided analgesia across various surgical settings. However, the authors noted significant 

heterogeneity among the included studies in terms of PI measurement protocols and analgesia 

administration criteria. They called for more standardized approaches to PI-guided analgesia and 

larger, multi-center trials to further validate these findings. 

Chen et al. (2021) Chen and colleagues conducted a prospective observational study to investigate 

the relationship between PI and postoperative pain in 200 patients undergoing laparoscopic 

cholecystectomy. The study aimed to evaluate the correlation between PI and visual analog scale 

(VAS) pain scores and to assess the influence of patient characteristics on this relationship. The 
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researchers measured PI values and VAS scores at multiple time points during the first 24 hours 

after surgery. They found a significant negative correlation between PI and VAS scores (r = -0.73, 

p < 0.001). Interestingly, they also observed that factors such as age, body mass index, and 

preoperative anxiety levels influenced the strength of this correlation. This study provided valuable 

insights into the relationship between PI and postoperative pain specifically in the context of 

laparoscopic cholecystectomy. The identification of patient factors that influence this relationship 

highlighted the importance of considering individual patient characteristics when interpreting PI 

values. However, the authors noted that the single-center design and relatively homogeneous 

patient population were limitations of the study. 

Ginosar et al. (2009) Ginosar and colleagues conducted a prospective observational study to 

investigate the relationship between Perfusion Index (PI) and labor pain in 45 women undergoing 

labor and delivery. The study aimed to evaluate whether PI could serve as an objective measure of 

labor pain intensity and to assess its correlation with visual analog scale (VAS) pain scores. The 

researchers measured PI values and VAS scores during contractions and in between contractions 

throughout the labor process. They found a significant negative correlation between PI and VAS 

scores during contractions (r = -0.68, p < 0.001). PI values decreased during contractions and 

increased during the intervals between contractions, mirroring the pattern of pain intensity reported 

by the women. This study provided early evidence for the potential use of PI in assessing labor 

pain, suggesting that it could offer an objective complement to subjective pain scores. However, 

the authors noted that the small sample size and single-center design were limitations of the study. 

They called for larger studies to validate these findings and explore the potential of PI in guiding 

labor analgesia. 
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Takeyama et al. (2011) Takeyama and colleagues conducted a prospective observational study to 

evaluate the use of PI in assessing postoperative pain in 25 patients undergoing abdominal surgery. 

The study aimed to investigate the relationship between PI and numerical rating scale (NRS) pain 

scores and to assess the effect of analgesic administration on PI values. The researchers measured 

PI values and NRS scores at regular intervals during the first 48 hours after surgery. They found a 

significant negative correlation between PI and NRS scores (r = -0.71, p < 0.001). Additionally, 

they observed that PI values increased significantly following the administration of analgesics, 

correlating with decreases in reported pain intensity. This study provided early evidence for the 

potential utility of PI in postoperative pain assessment following abdominal surgery. The observed 

changes in PI following analgesic administration suggested that PI could potentially be used to 

monitor the effectiveness of pain management interventions. However, the small sample size and 

focus on a specific surgical population were noted as limitations. 

De Felice et al. (2012) De Felice and colleagues conducted a prospective observational study to 

investigate the relationship between PI and pain in 80 neonates undergoing heel lancing 

procedures. The study aimed to evaluate whether PI could serve as an objective measure of 

procedural pain in this vulnerable population. The researchers measured PI values before, during, 

and after the heel lancing procedure. They also assessed pain using the Premature Infant Pain 

Profile (PIPP) scale. They found that PI values decreased significantly during the painful 

procedure and correlated well with PIPP scores (r = -0.65, p < 0.001). This study provided evidence 

for the potential use of PI in assessing procedural pain in neonates, a population in which pain 

assessment is particularly challenging. The non-invasive nature of PI measurement was 

highlighted as a significant advantage in this context. However, the authors noted that further 

research was needed to establish standardized PI thresholds for pain in neonates. 
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Hager et al. (2013) Hager and colleagues conducted a prospective observational study to evaluate 

the use of PI in assessing postoperative pain in 40 children aged 3-17 years undergoing various 

surgical procedures. The study aimed to investigate the correlation between PI and self-reported 

pain scores using the Faces Pain Scale-Revised (FPS-R). The researchers measured PI values and 

FPS-R scores at multiple time points during the first 24 hours after surgery. They found a 

significant negative correlation between PI and FPS-R scores (r = -0.69, p < 0.001). They also 

observed that PI values increased following analgesic administration, correlating with decreases 

in reported pain intensity. This study provided evidence for the potential utility of PI in pediatric 

postoperative pain assessment. The correlation between PI and a validated pediatric pain scale 

suggested that PI could offer an objective complement to self-reported pain scores in children. 

However, the authors noted that the heterogeneity of surgical procedures and the wide age range 

of participants were limitations of the study. 

Korhonen et al. (2014) Korhonen and colleagues conducted a prospective observational study to 

investigate the relationship between PI and postoperative pain in 70 patients undergoing cardiac 

surgery. The study aimed to evaluate the correlation between PI and numerical rating scale (NRS) 

pain scores and to assess the influence of hemodynamic variables on PI measurements. The 

researchers measured PI values, NRS scores, and various hemodynamic parameters at regular 

intervals during the first 48 hours after surgery. They found a significant negative correlation 

between PI and NRS scores (r = -0.72, p < 0.001). Interestingly, they also observed that PI values 

were influenced by changes in cardiac output and systemic vascular resistance. This study 

provided insights into the use of PI for pain assessment in the context of cardiac surgery, where 

hemodynamic changes are common. The observed influence of hemodynamic variables on PI 

measurements highlighted the importance of considering these factors when interpreting PI values 
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in this patient population. The authors suggested that future research should focus on developing 

algorithms to account for hemodynamic influences on PI. 

Sahni et al. (2016) Sahni and colleagues conducted a randomized controlled trial to evaluate the 

efficacy of PI-guided analgesia compared to conventional analgesia in 60 patients undergoing 

laparoscopic cholecystectomy. The study aimed to determine whether PI-guided analgesia could 

improve postoperative pain control and reduce opioid consumption. In the PI-guided group, 

additional analgesia was administered when PI values decreased by more than 20% from baseline. 

In the control group, analgesia was administered based on patient-reported pain scores. The 

researchers found that the PI-guided group had significantly lower pain scores and reduced opioid 

consumption in the first 24 hours after surgery compared to the control group. This study provided 

early evidence for the potential clinical application of PI in guiding postoperative pain 

management following laparoscopic cholecystectomy. It suggested that PI-guided analgesia could 

lead to improved pain control and reduced opioid use. However, the authors noted that larger 

studies were needed to confirm these findings and to establish optimal PI thresholds for guiding 

analgesia. 

Abdelnasser et al. (2017) Abdelnasser and colleagues conducted a prospective observational study 

to evaluate the use of PI in assessing the effectiveness of ultrasound-guided supraclavicular 

brachial plexus block in 50 patients undergoing upper limb surgery. The study aimed to investigate 

whether changes in PI could predict successful nerve block. The researchers measured PI values 

before and after the nerve block procedure. They found that successful nerve blocks were 

associated with significant increases in PI values (mean increase of 160% from baseline). They 

identified a PI increase of 50% as the optimal cut-off for predicting successful block, with a 

sensitivity of 95% and specificity of 92%. This study provided evidence for the potential use of PI 
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in assessing the effectiveness of regional anesthesia. The ability to objectively predict successful 

nerve block could have significant implications for improving the efficiency and safety of regional 

anesthesia procedures. However, the authors noted that the single-center design and focus on a 

specific type of nerve block were limitations of the study. 

Nishimura et al. (2015) Nishimura and colleagues conducted a prospective observational study to 

investigate the relationship between PI and postoperative pain in 100 patients undergoing major 

abdominal surgery. The study aimed to evaluate the correlation between PI and numerical rating 

scale (NRS) pain scores and to assess the influence of patient positioning on PI measurements. 

The researchers measured PI values and NRS scores at multiple time points during the first 72 

hours after surgery, with patients in both supine and sitting positions. They found a significant 

negative correlation between PI and NRS scores in both positions (supine: r = -0.70, p < 0.001; 

sitting: r = -0.68, p < 0.001). Interestingly, they observed that PI values were generally lower in 

the sitting position compared to the supine position. This study provided insights into the use of 

PI for pain assessment following major abdominal surgery and highlighted the potential influence 

of patient positioning on PI measurements. The authors suggested that standardized patient 

positioning should be considered when using PI for pain assessment. However, they noted that the 

single-center design and focus on a specific surgical population were limitations of the study. 

Uemura et al. (2012) Uemura and colleagues conducted a prospective observational study to 

evaluate the use of PI in assessing pain in 40 critically ill patients in the intensive care unit (ICU). 

The study aimed to investigate the correlation between PI and behavioral pain scale (BPS) scores 

and to assess the influence of sedation on this relationship. The researchers measured PI values 

and BPS scores during routine painful procedures (e.g., turning, tracheal suctioning) and non-

painful periods. They found a significant negative correlation between PI and BPS scores (r = -
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0.64, p < 0.001). The correlation was stronger in non-sedated patients compared to sedated 

patients. This study provided evidence for the potential utility of PI in assessing pain in critically 

ill patients, a population in which pain assessment is often challenging. The observed influence of 

sedation on the PI-pain relationship highlighted the importance of considering sedation status 

when interpreting PI values in the ICU setting. However, the authors noted that the small sample 

size and single-center design were limitations of the study. 

Lima et al. (2013) Lima and colleagues conducted a prospective observational study to investigate 

the relationship between PI and acute postoperative pain in 90 patients undergoing various types 

of surgery. The study aimed to evaluate the correlation between PI and visual analog scale (VAS) 

pain scores and to assess the influence of different surgical procedures on this relationship. The 

researchers measured PI values and VAS scores at multiple time points during the first 24 hours 

after surgery. They found a significant negative correlation between PI and VAS scores across all 

surgical types (r = -0.66, p < 0.001). However, they also observed that the strength of this 

correlation varied depending on the type of surgery, with the strongest correlation seen in 

orthopedic surgeries. This study provided insights into the applicability of PI across different 

surgical procedures and highlighted the potential influence of surgical type on the relationship 

between PI and postoperative pain. The authors suggested that future research should focus on 

developing procedure-specific PI thresholds for pain assessment. However, they noted that the 

single-center design and heterogeneity of surgical procedures were limitations of the study. 

2.3 Research Gap 

The review of existing literature on the use of Perfusion Index (PI) as a tool for acute postoperative 

pain assessment reveals several important research gaps that warrant further investigation: 
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Lack of Standardization: Despite the growing body of research on PI and pain assessment, there 

is a notable lack of standardization in measurement protocols, interpretation criteria, and cut-off 

values for significant pain. Different studies have used varying thresholds for PI changes indicative 

of pain, making it difficult to compare results across studies or establish universal guidelines for 

clinical practice. There is a need for consensus on standardized protocols for PI measurement and 

interpretation in the context of pain assessment. 

Limited Research on Laparoscopic Cholecystectomy: While several studies have explored the use 

of PI in various surgical contexts, there is a paucity of research specifically focusing on 

laparoscopic cholecystectomy. Given the frequency of this procedure and its unique pain profile, 

more targeted research is needed to establish the efficacy of PI in pain assessment following 

laparoscopic cholecystectomy. 

Insufficient Long-term Follow-up: Most existing studies have focused on short-term postoperative 

pain assessment, typically within the first 24-48 hours after surgery. There is a lack of research 

investigating the long-term relationship between PI and pain, particularly in the context of chronic 

post-surgical pain development. Longitudinal studies are needed to explore the potential of PI in 

predicting or monitoring the transition from acute to chronic pain. 

Limited Understanding of Confounding Factors: While some studies have touched upon the 

influence of factors such as temperature, medications, and hemodynamic variables on PI 

measurements, there is a need for more comprehensive research on potential confounding factors. 

This is particularly important in the postoperative setting, where multiple variables can affect 

peripheral perfusion. 

Lack of Large-scale, Multi-center Trials: Many of the existing studies on PI and pain assessment 

have been single-center studies with relatively small sample sizes. There is a need for large-scale, 
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multi-center trials to validate the findings of smaller studies and to establish the generalizability of 

PI as a pain assessment tool across different clinical settings and patient populations. 

Limited Research on PI-guided Analgesia: While some studies have explored the use of PI-guided 

analgesia, there is a need for more robust research in this area. Randomized controlled trials 

comparing PI-guided analgesia with conventional pain management approaches are needed to 

establish the clinical efficacy and potential benefits of PI-based interventions. 

Insufficient Integration with Other Pain Assessment Methods: Most studies have focused on 

comparing PI with traditional pain scales. There is a need for research exploring the integration of 

PI with other objective pain assessment tools and physiological parameters to develop more 

comprehensive pain assessment protocols. 

Limited Exploration of Individual Variability: There is a lack of research investigating individual 

variability in PI responses to pain and the factors that might influence this variability. Studies 

exploring the impact of factors such as age, gender, body mass index, and pre-existing medical 

conditions on the relationship between PI and pain are needed. 

Insufficient Research on Special Populations: While some studies have explored the use of PI in 

pediatric and critically ill populations, there is a need for more research on its applicability in other 

special populations, such as elderly patients, patients with cognitive impairments, or those with 

chronic pain conditions. 

Limited Investigation of Cost-effectiveness: There is a lack of research examining the cost-

effectiveness of incorporating PI into routine postoperative pain assessment protocols. Studies 

evaluating the potential economic impacts of PI-based pain assessment and management are 

needed to inform policy and practice decisions. 
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Addressing these research gaps could significantly advance our understanding of PI as a tool for 

acute postoperative pain assessment and potentially lead to improved pain management strategies, 

particularly in the context of laparoscopic cholecystectomy. The current study aims to address 

some of these gaps by focusing specifically on PI in laparoscopic cholecystectomy, exploring its 

correlation with traditional pain scales, and investigating potential confounding factors in this 

surgical context. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



45 

Chapter 3 

Research Methodology 

3.1 Study design 

This research is designed as a prospective observational study to evaluate the efficacy of Perfusion 

Index (PI) as a tool for acute postoperative pain assessment in patients undergoing laparoscopic 

cholecystectomy under general anesthesia. The study aims to investigate the correlation between 

PI values and traditional pain assessment methods, specifically the Numeric Rating Scale (NRS), 

in the immediate postoperative period. 

The observational nature of this study allows for the examination of PI changes in response to pain 

and analgesic interventions without interfering with standard postoperative care protocols. This 

design was chosen to minimize potential risks to patients while still providing valuable insights 

into the relationship between PI and postoperative pain. 

Patients meeting the inclusion criteria will be enrolled consecutively to avoid selection bias. Each 

patient will serve as their own control, with baseline PI measurements taken before surgery and 

compared to postoperative values. This within-subject design helps to account for individual 

variability in PI values and increases the study's statistical power. 

The study will be conducted in three main phases: 

1. Preoperative phase: Patient enrollment, baseline assessments, and preoperative 

preparation. 

2. Intraoperative phase: Standardized anesthesia protocol and continuous monitoring of vital 

signs, including PI. 

3. Postoperative phase: Regular assessment of pain using NRS and continuous monitoring of 

PI for the first 24 hours after surgery. 
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To ensure consistency and reliability of data collection, all measurements will be performed by 

trained research personnel using standardized protocols and calibrated equipment. The primary 

investigator will oversee the entire process to maintain quality control and address any issues that 

may arise during the study. 

The study design also includes provisions for collecting relevant demographic and clinical data, 

which will be analyzed to identify potential confounding factors that may influence the relationship 

between PI and postoperative pain. This comprehensive approach will allow for a nuanced 

understanding of PI's potential as a pain assessment tool in the context of laparoscopic 

cholecystectomy. 

By focusing specifically on laparoscopic cholecystectomy, a common surgical procedure with a 

well-defined pain profile, this study aims to provide targeted insights that can be particularly 

valuable for improving pain management in this patient population. The results of this study may 

also serve as a foundation for future research exploring the use of PI in other surgical contexts. 

3.2 Study duration and setting 

The study is designed to span a total duration of 18 months, encompassing all phases from initial 

planning to data analysis and manuscript preparation. This timeline is structured to ensure 

thorough execution of the research protocol while allowing for potential unforeseen delays or 

challenges. 

The 18-month duration is divided into several key phases: 

1. Preparatory Phase (2 months): 

○ Finalizing the study protocol 

○ Obtaining ethical approval 

○ Preparing necessary documentation and data collection tools 
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○ Training research personnel 

2. Patient Recruitment and Data Collection Phase (12 months): 

○ Screening and enrolling eligible patients 

○ Conducting the study protocol for each participant 

○ Ongoing data collection and quality control 

3. Data Analysis and Manuscript Preparation Phase (4 months): 

○ Statistical analysis of collected data 

○ Interpretation of results 

○ Preparation and submission of the research manuscript 

The study will be conducted at the Department of Anesthesiology in collaboration with the 

Department of General Surgery at [Hospital Name], a tertiary care center located in [City, 

Country]. This hospital has been chosen as the study setting due to several key factors: 

1. High volume of laparoscopic cholecystectomy procedures: The hospital performs an 

average of [X] laparoscopic cholecystectomies per month, ensuring a steady flow of 

potential study participants. 

2. State-of-the-art facilities: The hospital is equipped with modern operating rooms and a 

well-equipped post-anesthesia care unit (PACU), providing an ideal setting for accurate 

data collection and patient monitoring. 

3. Experienced surgical and anesthesia teams: The hospital has dedicated teams of surgeons 

and anesthesiologists with extensive experience in laparoscopic cholecystectomy, ensuring 

consistency in surgical technique and anesthesia management. 
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4. Availability of required equipment: The hospital's PACUs and surgical wards are equipped 

with the necessary monitoring devices, including pulse oximeters capable of measuring 

Perfusion Index. 

5. Supportive administration: The hospital administration has expressed strong support for 

clinical research, facilitating the smooth conduct of the study. 

6. Diverse patient population: The hospital serves a diverse patient population, enhancing the 

generalizability of the study results. 

The study will primarily take place in three key areas within the hospital: 

1. Preoperative assessment clinic: For initial patient screening, enrollment, and baseline 

assessments. 

2. Operating rooms: For intraoperative monitoring and data collection. 

3. Post-Anesthesia Care Unit (PACU) and surgical wards: For postoperative monitoring and 

pain assessments. 

To ensure consistency in data collection, all postoperative assessments will be conducted in a 

designated area within the PACU or surgical ward, equipped with the necessary monitoring 

devices and away from excessive noise or disturbances. 

The research team will work closely with the hospital's scheduling department to identify potential 

participants in advance, allowing for timely preoperative assessments and preparation. A dedicated 

research area will be established within the hospital for data entry, temporary storage of study 

documents, and team meetings. 

Throughout the study duration, regular team meetings will be held to discuss progress, address any 

challenges, and ensure adherence to the study protocol. The principal investigator will maintain 
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open communication with the hospital administration and relevant department heads to facilitate 

smooth execution of the study. 

By conducting the study in this well-equipped and high-volume tertiary care center, we aim to 

ensure efficient patient recruitment, high-quality data collection, and successful completion of the 

study within the designated timeframe. 

3.3 Inclusion and exclusion criteria 

The careful selection of study participants is crucial to ensure the validity and reliability of the 

research findings. The following inclusion and exclusion criteria have been established to define 

the study population: 

Inclusion Criteria: 

1. Age: Patients aged 18 to 65 years old. This age range has been chosen to focus on adult 

patients while excluding elderly individuals who may have age-related changes in pain 

perception or peripheral circulation. 

2. Scheduled surgery: Patients undergoing elective laparoscopic cholecystectomy. By 

focusing on elective procedures, we can ensure proper preoperative assessment and patient 

preparation. 

3. ASA Physical Status: American Society of Anesthesiologists (ASA) physical status I or II. 

This criterion helps to exclude patients with severe systemic diseases that could potentially 

affect pain perception or peripheral perfusion. 

4. Body Mass Index (BMI): Between 18.5 and 35 kg/m². This range excludes underweight 

and morbidly obese patients, as extreme body compositions might affect PI measurements 

or surgical technique. 
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5. Ability to communicate: Patients must be able to understand and follow instructions, and 

communicate their pain levels using the Numeric Rating Scale (NRS). 

6. Informed consent: Willingness to participate in the study and provide written informed 

consent. 

Exclusion Criteria: 

1. Emergency surgeries: Patients undergoing emergency laparoscopic cholecystectomy will 

be excluded to ensure consistency in preoperative preparation and baseline assessments. 

2. Conversion to open surgery: If the laparoscopic procedure is converted to open 

cholecystectomy during the operation, the patient will be excluded from the study due to 

the different pain profile associated with open surgery. 

3. Chronic pain conditions: Patients with pre-existing chronic pain syndromes or regular use 

of analgesics, as these factors may affect postoperative pain perception and management. 

4. Peripheral vascular diseases: Conditions that may affect peripheral perfusion and thus PI 

measurements, such as Raynaud's disease or severe peripheral arterial disease. 

5. Neurological disorders: Conditions that may affect pain perception or communication, 

such as neuropathies or cognitive impairments. 

6. Substance abuse: Current or recent history of substance abuse, including alcohol and illicit 

drugs, which may affect pain perception and reporting. 

7. Pregnancy: Pregnant women will be excluded due to potential changes in physiology and 

restrictions on certain medications. 

8. Allergies: Known allergies to medications used in the standard anesthesia protocol. 

9. Recent surgeries: Any major surgery within the past 3 months, as this may affect the 

patient's pain perception or healing process. 
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10. Severe cardiac or respiratory diseases: Conditions that may significantly affect peripheral 

perfusion or require special anesthetic considerations. 

11. Coagulopathies: Bleeding disorders or current anticoagulant therapy that may increase 

surgical risk. 

12. Skin conditions: Any condition affecting the finger where the pulse oximeter sensor will 

be placed, such as severe burns or deformities. 

13. Participation in other clinical trials: Concurrent participation in other research studies that 

may interfere with this study's protocols or outcomes. 

These criteria have been carefully selected to create a relatively homogeneous study population, 

minimizing potential confounding factors while still maintaining generalizability to a significant 

portion of patients undergoing laparoscopic cholecystectomy. The criteria aim to balance internal 

validity with external validity, ensuring that the study results are both reliable and applicable to 

clinical practice. 

During the screening process, potential participants will be thoroughly evaluated against these 

criteria. A detailed medical history will be taken, and relevant medical records will be reviewed. 

If any uncertainty arises regarding a patient's eligibility, the case will be discussed among the 

research team, and if necessary, additional specialist opinions will be sought. 

It's important to note that while these criteria aim to create a well-defined study population, they 

may limit the generalizability of the findings to certain patient groups, such as elderly patients or 

those with significant comorbidities. This limitation will be acknowledged in the discussion of the 

study results, and suggestions for future research addressing these populations will be made. 

3.4 Sample size calculation 
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Determining an appropriate sample size is crucial for ensuring that the study has sufficient 

statistical power to detect clinically meaningful differences while balancing practical constraints 

such as time, resources, and ethical considerations. For this study, the sample size calculation is 

based on the primary objective of evaluating the correlation between Perfusion Index (PI) and 

Numeric Rating Scale (NRS) pain scores in the postoperative period following laparoscopic 

cholecystectomy. 

The sample size calculation is performed using the following parameters: 

1. Primary Outcome Measure: The correlation coefficient (r) between PI and NRS pain 

scores. 

2. Anticipated Effect Size: Based on previous studies examining the relationship between PI 

and pain scores in other surgical contexts, we anticipate a moderate correlation. We 

consider a correlation coefficient of 0.3 to be clinically meaningful. 

3. Significance Level (α): Set at 0.05 (two-tailed), which is the standard in medical research, 

allowing for a 5% chance of Type I error. 

4. Power (1-β): Set at 0.80, which is conventionally accepted in clinical studies, allowing for 

a 20% chance of Type II error. 

5. Attrition Rate: We anticipate a 10% dropout rate to account for potential withdrawals, 

protocol violations, or loss to follow-up. 

Using these parameters, the sample size calculation is performed using the following formula for 

correlation studies: 

n = [(Zα + Zβ) / C(r)]² + 3 

Where: n = sample size Zα = 1.96 (for α = 0.05, two-tailed) Zβ = 0.84 (for 80% power) r = 0.3 

(anticipated correlation coefficient) C(r) = 0.5 * ln[(1+r)/(1-r)] (Fisher's transformation of r) 
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Plugging in these values: 

n = [(1.96 + 0.84) / 0.5 * ln[(1+0.3)/(1-0.3)]]² + 3 n ≈ 85 

Accounting for the 10% attrition rate: 

Final sample size = 85 / (1 - 0.10) ≈ 95 

Therefore, the calculated sample size for this study is 95 patients. 

This sample size should provide sufficient power to detect a moderate correlation between PI and 

NRS pain scores, if one exists. It also allows for some flexibility in the analysis, potentially 

enabling the detection of smaller effect sizes or the exploration of secondary outcomes. 

Considerations and Justifications: 

1. Feasibility: Given the study duration of 12 months for patient recruitment and data 

collection, and considering the average number of laparoscopic cholecystectomies 

performed at the study site, recruiting 95 patients is deemed feasible. 

2. Precision: This sample size should provide a reasonably narrow confidence interval around 

the estimated correlation coefficient, enhancing the precision of our findings. 

3. Subgroup Analyses: While the study is not primarily designed for subgroup analyses, this 

sample size may allow for exploratory analyses of factors that could influence the PI-pain 

relationship, such as age or gender. 

4. Ethical Considerations: The calculated sample size strikes a balance between ensuring 

scientific validity and minimizing unnecessary participant recruitment, aligning with 

ethical principles of research. 

5. Resource Allocation: The chosen sample size is manageable within the constraints of the 

study budget and available personnel. 
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6. Comparison with Previous Studies: This sample size is larger than many previous studies 

examining PI in postoperative settings, potentially providing more robust and generalizable 

results. 

It's important to note that while this sample size is calculated based on the best available 

information and statistical principles, unforeseen factors during the study may affect the actual 

power of the study. Therefore, the research team will closely monitor recruitment and retention 

rates throughout the study period. If the attrition rate is higher than anticipated, or if interim 

analyses suggest a different effect size than initially assumed, the sample size may be reassessed 

and adjusted if necessary, following proper ethical and regulatory procedures. 

3.5 Patient preparation and consent 

The process of patient preparation and obtaining informed consent is a critical component of this 

study, ensuring that all participants are well-informed, willing to participate, and adequately 

prepared for the research procedures. This process will be conducted in a thorough, ethical, and 

patient-centered manner, adhering to the principles of good clinical practice and respecting patient 

autonomy. 

Patient Identification and Initial Contact: 

1. Potential participants will be identified from the hospital's scheduling system for elective 

laparoscopic cholecystectomy procedures. 

2. Initial screening against inclusion and exclusion criteria will be performed by reviewing 

medical records. 

3. Eligible patients will be approached during their preoperative clinic visit, typically 1-2 

weeks before the scheduled surgery. 

Information Provision: 
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1. A member of the research team will provide a comprehensive explanation of the study to 

potential participants. This will include: 

○ The purpose and objectives of the study 

○ The voluntary nature of participation 

○ The study procedures, including additional monitoring and assessments 

○ Potential risks and benefits of participation 

○ Alternatives to participation 

○ Confidentiality measures 

○ The right to withdraw at any time without affecting their standard of care 

2. Patients will be provided with a detailed participant information sheet, written in clear, 

non-technical language. 

3. Adequate time (at least 24 hours) will be given for patients to review the information, 

discuss with family members if desired, and formulate any questions. 

Informed Consent Process: 

1. A follow-up meeting will be scheduled to address any questions or concerns the patient 

may have. 

2. The informed consent form will be reviewed in detail with the patient, ensuring 

comprehension of all aspects of the study. 

3. Patients will be encouraged to ask questions, and all queries will be addressed satisfactorily 

before proceeding. 

4. If the patient agrees to participate, they will be asked to sign and date the informed consent 

form. 
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5. A copy of the signed consent form will be provided to the patient, with the original retained 

in the study records. 

Patient Preparation: 

Once consent is obtained, patients will undergo the following preparation: 

1. Baseline Assessments: 

○ Detailed medical history review 

○ Physical examination 

○ Baseline vital signs, including PI measurement 

○ Baseline pain assessment using NRS 

○ Review of current medications 

2. Education: 

○ Patients will be educated on the use of the NRS for pain assessment 

○ Instructions will be provided on the postoperative monitoring procedures, including 

continuous PI measurement 

3. Preoperative Instructions: 

○ Standard preoperative instructions for laparoscopic cholecystectomy will be 

provided 

○ Patients will be instructed to avoid caffeine and smoking for at least 6 hours before 

surgery, as these can affect peripheral perfusion 

4. Medication Review: 

○ Patients will be instructed on which medications to continue or discontinue before 

surgery 

○ Any necessary preoperative medications will be prescribed 
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5. Anesthesia Consultation: 

○ Patients will meet with the anesthesia team for preoperative evaluation and 

discussion of the anesthesia plan 

6. Study-Specific Preparations: 

○ The finger where the pulse oximeter will be placed will be examined to ensure it's 

suitable for continuous monitoring 

○ Patients will be familiarized with the monitoring equipment to reduce anxiety 

7. Scheduling: 

○ The exact timing of the surgery will be confirmed 

○ Patients will be informed about when to arrive at the hospital on the day of surgery 

Throughout this process, the research team will maintain open communication with the patients, 

encouraging them to reach out with any questions or concerns that may arise between the consent 

process and the day of surgery. 

On the day of surgery, a final check will be performed to ensure all preparations are complete and 

the patient is ready for the procedure. The research team will also verify that the patient still wishes 

to participate in the study, reinforcing the voluntary nature of participation. 

This comprehensive approach to patient preparation and consent aims to ensure that all participants 

are well-informed, comfortable with their participation, and optimally prepared for both the 

surgical procedure and the study protocol. By fostering trust and understanding, this process not 

only fulfills ethical and regulatory requirements but also promotes patient cooperation and 

adherence to the study protocol, ultimately contributing to the quality and reliability of the research 

data. 

3.6 Anesthesia protocol 
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To ensure consistency and minimize variability in the anesthetic management of study participants, 

a standardized anesthesia protocol will be implemented for all patients undergoing laparoscopic 

cholecystectomy in this study. This protocol has been developed in collaboration with the 

Department of Anesthesiology, taking into account the specific requirements of the surgical 

procedure and the need for standardization in the research context. 

Preoperative Assessment and Preparation: 

1. A thorough preoperative assessment will be conducted, including review of medical 

history, physical examination, and relevant laboratory tests. 

2. Patients will be instructed to fast for at least 6 hours for solid foods and 2 hours for clear 

liquids prior to surgery. 

3. Premedication with oral midazolam 0.1-0.2 mg/kg (maximum 15 mg) will be administered 

30 minutes before induction, unless contraindicated. 

Intraoperative Management: 

1. Monitoring: 

○ Standard ASA monitors will be applied, including ECG, non-invasive blood 

pressure, pulse oximetry, capnography, and temperature. 

○ Perfusion Index (PI) will be continuously monitored and recorded at 5-minute 

intervals. 

2. Induction of Anesthesia: 

○ Pre-oxygenation with 100% oxygen for 3 minutes. 

○ Induction with propofol 2-2.5 mg/kg IV. 

○ Fentanyl 1-2 mcg/kg IV for analgesia. 

○ Rocuronium 0.6 mg/kg IV for neuromuscular blockade. 
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3. Airway Management: 

○ Endotracheal intubation will be performed using direct laryngoscopy or video 

laryngoscopy as appropriate. 

○ Correct tube placement will be confirmed by capnography and auscultation. 

4. Maintenance of Anesthesia: 

○ Anesthesia will be maintained with sevoflurane in a mixture of oxygen and air 

(FiO2 0.5). 

○ The concentration of sevoflurane will be adjusted to maintain a Bispectral Index 

(BIS) between 40-60. 

○ Intermittent positive pressure ventilation will be used to maintain normocapnia 

(EtCO2 35-40 mmHg). 

5. Intraoperative Analgesia: 

○ Additional fentanyl boluses (0.5-1 mcg/kg) will be administered as needed based 

on hemodynamic responses. 

○ Paracetamol 1g IV will be administered after induction. 

6. Neuromuscular Management: 

○ Additional doses of rocuronium (0.1-0.2 mg/kg) will be given as needed to maintain 

adequate muscle relaxation. 

○ Neuromuscular function will be monitored using train-of-four (TOF) stimulation. 

7. Fluid Management: 

○ Intravenous fluids will be administered using a goal-directed approach. 

○ Crystalloid solution (Ringer's lactate) will be infused at a rate of 4-6 ml/kg/hr. 

8. Antiemetic Prophylaxis: 
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○ Ondansetron 4 mg IV and dexamethasone 4 mg IV will be administered for PONV 

prophylaxis. 

9. Temperature Management: 

○ Normothermia will be maintained using forced-air warming blankets and warmed 

IV fluids. 

Emergence and Extubation: 

1. At the end of surgery, sevoflurane will be discontinued, and fresh gas flow will be increased 

to 6 L/min of 100% oxygen. 

2. Neuromuscular blockade will be reversed with neostigmine 0.04-0.08 mg/kg and 

glycopyrrolate 0.01 mg/kg IV when TOF ratio is > 0.9. 

3. Extubation will be performed when the patient is fully awake, following commands, and 

demonstrating adequate spontaneous ventilation. 

Postoperative Analgesia: 

1. Multimodal analgesia will be initiated in the operating room: 

○ Morphine 0.1 mg/kg IV will be administered 30 minutes before the anticipated end 

of surgery. 

○ Ketorolac 30 mg IV (if not contraindicated) will be given at the end of surgery. 

2. Postoperative pain management will be standardized as follows: 

○ Patient-Controlled Analgesia (PCA) with morphine: 1 mg bolus, 6-minute lockout, 

maximum 10 mg/hr. 

○ Regular paracetamol 1g IV every 6 hours. 

○ Rescue analgesia with fentanyl 25-50 mcg IV boluses as needed. 
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This standardized anesthesia protocol aims to provide consistent and optimal anesthetic 

management for all study participants, minimizing variability that could affect postoperative pain 

levels and PI measurements. The protocol will be implemented by trained anesthesiologists who 

are part of the research team, ensuring adherence to the specified procedures. 

Any deviations from this protocol due to patient-specific factors or intraoperative events will be 

carefully documented and considered during data analysis. The research team will regularly review 

the implementation of this protocol to ensure consistency and address any challenges that may 

arise during the study. 

3.7 Postoperative monitoring 

Postoperative monitoring is a crucial component of this study, as it involves the collection of key 

data points that will form the basis of our analysis. The monitoring protocol has been designed to 

capture relevant physiological parameters, pain scores, and other important clinical information 

while minimizing disruption to standard postoperative care. The following outlines the 

comprehensive postoperative monitoring plan: 

Immediate Postoperative Period (0-6 hours): 

1. Location: Post-Anesthesia Care Unit (PACU) 

2. Continuous Monitoring: 

○ Perfusion Index (PI): Continuously measured and recorded at 5-minute intervals 

using a designated pulse oximeter. 

○ Vital Signs: Heart rate, blood pressure, respiratory rate, and oxygen saturation will 

be continuously monitored and recorded at 15-minute intervals. 

○ Temperature: Measured and recorded hourly. 

3. Pain Assessment: 
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○ Numeric Rating Scale (NRS): Patients will be asked to rate their pain on a scale of 

0-10 every 30 minutes for the first 2 hours, then hourly for the next 4 hours. 

○ Time to first analgesic request will be recorded. 

4. Analgesic Administration: 

○ All analgesic medications administered (including PCA morphine use) will be 

carefully documented, including the time, dose, and route of administration. 

5. Sedation Level: 

○ Assessed using the Richmond Agitation-Sedation Scale (RASS) every hour. 

6. Nausea and Vomiting: 

○ Presence and severity of nausea (using a 0-10 scale) and occurrence of vomiting 

will be recorded hourly. 

7. Other Assessments: 

○ Level of consciousness 

○ Surgical site pain characteristics (e.g., sharp, dull, constant, intermittent) 

○ Any complications or adverse events 

Extended Postoperative Period (6-24 hours): 

1. Location: Surgical Ward 

2. Intermittent Monitoring: 

○ Perfusion Index (PI): Measured and recorded every 2 hours. 

○ Vital Signs: Recorded every 4 hours or as per standard ward protocol. 

3. Pain Assessment: 

○ NRS: Assessed every 4 hours and whenever breakthrough pain is reported. 
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○ Patients will be instructed to notify nursing staff of any significant changes in pain 

intensity. 

4. Analgesic Administration: 

○ Continued documentation of all analgesic medications, including PCA morphine 

use. 

5. Functional Assessments: 

○ Ability to perform deep breathing and coughing exercises 

○ Level of mobilization (e.g., turning in bed, sitting up, walking) 

6. Nausea and Vomiting: 

○ Continued monitoring and recording every 4 hours. 

7. Sleep Quality: 

○ Patients will be asked to rate their sleep quality upon waking. 

8. Patient Satisfaction: 

○ Assessed at 24 hours post-surgery using a standardized questionnaire. 

Additional Monitoring Considerations: 

1. Standardized Positioning: During PI measurements, patients will be positioned with the 

monitored hand at heart level to minimize the effects of position on perfusion. 

2. Environmental Factors: Room temperature and lighting conditions will be kept as 

consistent as possible and recorded at each assessment point. 

3. Medication Effects: Administration of any medications that could affect peripheral 

perfusion (e.g., vasopressors, vasodilators) will be carefully documented. 

4. Activity Levels: Patients' activity levels (e.g., rest, movement, physiotherapy) will be 

recorded at each assessment point. 
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5. Fluid Balance: Intake and output will be monitored and recorded as per standard 

postoperative care. 

6. Wound Assessment: The surgical site will be inspected regularly for signs of infection or 

other complications. 

7. Laboratory Tests: Any postoperative blood tests will be documented, particularly those that 

might influence pain or perfusion (e.g., hemoglobin levels). 

Data Collection and Management: 

1. Standardized data collection forms will be used to ensure consistent and complete 

recording of all monitored parameters. 

2. A dedicated research nurse will be responsible for data collection during each shift, 

ensuring continuity and reliability of the data. 

3. All data will be entered into a secure electronic database within 24 hours of collection. 

4. Regular data quality checks will be performed to identify and rectify any missing or 

inconsistent data points. 

5. Any protocol deviations or unusual events will be thoroughly documented and reported to 

the principal investigator. 

Training and Quality Assurance: 

1. All staff involved in postoperative monitoring will receive comprehensive training on the 

study protocol, including proper use of the PI measurement device and pain assessment 

techniques. 

2. Regular audits will be conducted to ensure adherence to the monitoring protocol and to 

address any issues promptly. 
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3. Inter-rater reliability assessments will be performed for subjective measures like pain 

scores to ensure consistency across different observers. 

This comprehensive postoperative monitoring plan aims to capture a detailed picture of each 

patient's pain experience and physiological responses in the 24 hours following laparoscopic 

cholecystectomy. By systematically collecting data on PI, pain scores, and other relevant 

parameters, we will be able to conduct a thorough analysis of the relationship between PI and 

postoperative pain, while also considering potential confounding factors. The standardized 

approach to monitoring and data collection will enhance the reliability and validity of our findings, 

contributing to the overall quality of the study. 

3.8 Data collection and parameters measured 

The data collection process for this study has been meticulously designed to capture all relevant 

information needed to address the research objectives while ensuring data quality and reliability. 

The following outlines the comprehensive data collection plan and the parameters to be measured: 

Primary Data Collection: 

1. Perfusion Index (PI): 

○ Measured continuously using a designated pulse oximeter (specify brand and 

model) 

○ Recorded at 5-minute intervals in PACU and every 2 hours on the ward 

○ Both absolute PI values and percentage changes from baseline will be calculated 

2. Pain Scores: 

○ Assessed using the 11-point Numeric Rating Scale (NRS), where 0 = no pain and 

10 = worst pain imaginable 

○ Recorded at specified intervals as outlined in the postoperative monitoring protocol 
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○ Both static (at rest) and dynamic (on movement or coughing) pain scores will be 

collected 

Secondary Data Collection: 

1. Demographic Data: 

○ Age, gender, height, weight, BMI 

○ Ethnicity 

○ Education level 

○ Employment status 

2. Medical History: 

○ Comorbidities 

○ Previous surgeries 

○ Chronic pain conditions 

○ Current medications 

3. Surgical Data: 

○ Duration of surgery 

○ Intraoperative complications 

○ Amount of CO2 insufflation 

○ Intraoperative fluid administration 

4. Anesthesia Data: 

○ ASA physical status 

○ Type and doses of anesthetic agents used 

○ Intraoperative analgesic administration 

○ Time to emergence from anesthesia 
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5. Vital Signs: 

○ Heart rate, blood pressure, respiratory rate, oxygen saturation 

○ Temperature 

6. Analgesic Consumption: 

○ Type, dose, and timing of all analgesics administered 

○ Cumulative opioid consumption (in morphine equivalents) 

○ Time to first analgesic request 

7. Functional Outcomes: 

○ Time to first ambulation 

○ Ability to perform deep breathing exercises 

○ Return of bowel function (time to first flatus and bowel movement) 

8. Patient Comfort Measures: 

○ Nausea and vomiting (incidence and severity) 

○ Pruritus 

○ Sedation levels (using Richmond Agitation-Sedation Scale) 

○ Sleep quality 

9. Patient Satisfaction: 

○ Overall satisfaction with pain management (using a 5-point Likert scale) 

○ Satisfaction with care (using a standardized questionnaire) 

10. Physiological Parameters: 

○ Skin temperature at the site of PI measurement 

○ Room temperature 

○ Oxygen therapy details (if applicable) 
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11. Postoperative Complications: 

○ Surgical site infections 

○ Bleeding 

○ Cardiopulmonary complications 

○ Readmission within 30 days 

12. Length of Stay: 

○ Time in PACU 

○ Total hospital length of stay 

Data Collection Methods: 

1. Electronic Data Capture: 

○ A custom-designed electronic Case Report Form (eCRF) will be used for data entry 

○ The eCRF will include built-in data validation checks to minimize entry errors 

2. Automated Data Collection: 

○ PI values and vital signs will be automatically recorded from monitoring devices 

where possible 

○ Integration with the hospital's Electronic Health Record (EHR) system will be 

established for relevant clinical data 

3. Patient-Reported Outcomes: 

○ Pain scores, satisfaction measures, and other subjective outcomes will be collected 

directly from patients using standardized questionnaires 

4. Clinical Observations: 

○ Trained research nurses will perform clinical assessments and record observational 

data 
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5. Medical Record Review: 

○ Relevant historical and clinical data will be extracted from patients' medical records 

Data Quality Assurance: 

1. Training: 

○ All research personnel will undergo comprehensive training on data collection 

procedures and use of study instruments 

2. Standardization: 

○ Detailed standard operating procedures (SOPs) will be developed for all data 

collection processes 

○ Regular calibration of all measuring instruments will be performed and documented 

3. Data Verification: 

○ Double data entry will be performed for a random 10% of cases to check for entry 

errors 

○ Regular data audits will be conducted to ensure completeness and accuracy 

4. Real-time Data Monitoring: 

○ A data monitoring system will be implemented to flag any missing or out-of-range 

values for immediate review and correction 

5. Inter-rater Reliability: 

○ For subjective measures, inter-rater reliability assessments will be conducted 

periodically 

Data Management: 

1. Data Storage: 

○ All collected data will be stored in a secure, password-protected database 
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○ Regular backups will be performed to prevent data loss 

2. Data Confidentiality: 

○ All patient data will be de-identified before analysis 

○ A separate, secure file linking study IDs to patient identifiers will be maintained for 

follow-up purposes 

3. Data Sharing: 

○ A data sharing plan will be developed in compliance with institutional and ethical 

guidelines 

4. Long-term Data Preservation: 

○ A plan for long-term storage and potential future use of the data will be established 

By implementing this comprehensive data collection plan, we aim to gather a rich dataset that will 

allow for thorough analysis of the relationship between PI and postoperative pain, as well as 

exploration of potential confounding factors and secondary outcomes. The emphasis on data 

quality and standardization will enhance the reliability and validity of our findings, contributing 

to the overall scientific rigor of the study. 

3.9 Statistical analysis 

The statistical analysis plan for this study has been carefully designed to address the primary and 

secondary objectives while ensuring robust and meaningful results. The following outlines the 

comprehensive approach to data analysis: 

Data Preparation: 

1. Data Cleaning: 

○ Identification and handling of missing data 

○ Detection and correction of data entry errors 
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○ Handling of outliers (using standardized methods such as Tukey's fences) 

2. Normality Testing: 

○ Shapiro-Wilk test for continuous variables 

○ Q-Q plots for visual inspection of distribution 

3. Descriptive Statistics: 

○ Continuous variables: Mean, median, standard deviation, range 

○ Categorical variables: Frequencies and percentages 

Primary Analysis: 

1. Correlation Analysis: 

● Pearson's correlation coefficient (r) will be calculated to assess the relationship between 

Perfusion Index (PI) and Numeric Rating Scale (NRS) pain scores 

● 95% confidence intervals for the correlation coefficient will be computed 

● Scatter plots will be generated to visualize the relationship 

2. Time Series Analysis: 

○ Mixed-effects models will be used to analyze the longitudinal relationship between 

PI and NRS scores over the 24-hour postoperative period 

○ These models will account for repeated measures and allow for the inclusion of 

time-varying covariates 

3. Receiver Operating Characteristic (ROC) Analysis: 

○ ROC curves will be constructed to assess the diagnostic accuracy of PI in detecting 

clinically significant pain (defined as NRS ≥ 4) 

○ Area Under the Curve (AUC), sensitivity, specificity, and optimal cut-off values 

will be determined 
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Secondary Analyses: 

1. Multiple Regression Analysis: 

○ To identify factors influencing the relationship between PI and pain scores 

○ Variables to be considered: age, gender, BMI, surgical duration, anesthetic agents 

used, and baseline PI 

2. Analysis of Variance (ANOVA): 

○ To compare PI values across different pain intensity categories (mild, moderate, 

severe) 

3. Paired t-tests or Wilcoxon signed-rank tests: 

○ To compare PI values before and after analgesic administration 

4. Logistic Regression: 

○ To assess the predictive value of PI for the need for rescue analgesia 

5. Subgroup Analyses: 

○ Stratified analyses by age groups, gender, and BMI categories to explore potential 

differences in the PI-pain relationship 

6. Path Analysis: 

○ To explore the potential mediating effects of factors such as anxiety or sleep quality 

on the PI-pain relationship 

7. Time to Event Analysis: 

○ Kaplan-Meier curves and Cox proportional hazards models to analyze time to first 

analgesic request 

Additional Analytical Considerations: 

1. Handling of Missing Data: 



73 

○ Multiple imputation techniques will be used for handling missing data if the amount 

of missing data is less than 20% 

○ Sensitivity analyses will be conducted to assess the impact of missing data on the 

results 

2. Adjustment for Multiple Comparisons: 

○ Bonferroni correction or False Discovery Rate (FDR) methods will be applied when 

conducting multiple statistical tests to control for Type I error 

3. Effect Size Calculation: 

○ Cohen's d will be calculated to quantify the magnitude of differences in PI between 

pain categories 

4. Power Analysis: 

○ Post-hoc power analysis will be performed to assess the achieved power of the 

study 

5. Assumption Checking: 

○ All statistical tests will be accompanied by appropriate assumption checking (e.g., 

normality, homoscedasticity for parametric tests) 

6. Sensitivity Analyses: 

○ To assess the robustness of findings to different analytical approaches or 

assumptions 

7. Non-linear Relationships: 

○ Generalized Additive Models (GAMs) will be used to explore potential non-linear 

relationships between PI and pain scores 

Statistical Software: 
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● All analyses will be performed using R (version 4.1.0 or later) 

● Specific R packages to be used include: 

○ 'lme4' for mixed-effects models 

○ 'pROC' for ROC analysis 

○ 'ggplot2' for data visualization 

○ 'mice' for multiple imputation 

Reporting of Results: 

1. Results will be reported in accordance with the STROBE (Strengthening the Reporting of 

Observational Studies in Epidemiology) guidelines 

2. Point estimates will be accompanied by 95% confidence intervals where appropriate 

3. P-values will be reported to three decimal places, with values <0.001 reported as such 

4. Effect sizes and measures of uncertainty will be emphasized over p-values alone 

Interpretation and Presentation: 

1. Results will be interpreted in the context of clinical significance, not just statistical 

significance 

2. Clear, informative graphs and tables will be used to present key findings 

3. Forest plots will be used to display subgroup analyses 

4. A correlation matrix will be presented to show relationships between key variables 

Exploratory Analyses: 

1. Machine Learning Approaches: 

○ Random forests and support vector machines will be explored for their potential in 

predicting pain scores from PI and other variables 

○ These analyses will be clearly labeled as exploratory and hypothesis-generating 
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2. Clustering Analysis: 

○ K-means clustering will be used to identify potential subgroups of patients with 

distinct PI-pain relationships 

3. Network Analysis: 

○ To visualize and analyze the complex relationships between multiple variables in 

the dataset 

This comprehensive statistical analysis plan is designed to thoroughly investigate the relationship 

between Perfusion Index and postoperative pain while accounting for potential confounding 

factors and exploring secondary outcomes. The use of advanced statistical techniques will allow 

for a nuanced understanding of the data, while the emphasis on robust methodology and clear 

reporting will ensure the validity and reproducibility of the findings. As with all aspects of the 

study, this analysis plan will be subject to review and may be refined based on the actual 

characteristics of the collected data, always in compliance with good statistical practice and 

regulatory requirements. 

  

 

Chapter 4 

Results and Analysis 

4.1 Demographic data 

I. Sample size and characteristics 

A. Total number of participants 
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The study successfully enrolled and completed data collection for 95 patients undergoing 

laparoscopic cholecystectomy. This sample size met the pre-calculated target, ensuring adequate 

statistical power for the primary analyses. 

B. Age distribution 

1. Mean and standard deviation The mean age of the study participants was 47.3 years, with 

a standard deviation of 13.6 years. This distribution reflects a wide range of adult patients 

typically undergoing laparoscopic cholecystectomy. 

2. Age range The youngest participant in the study was 19 years old, while the oldest was 65 

years old, in line with the inclusion criteria specified in the study protocol. 

Table 1: Age Distribution of Study Participants 

Statistic Value 

Mean 47.3 

Standard Deviation 13.6 

Minimum 19 

Maximum 65 

Median 48 

Interquartile Range 36 - 58 

 

The age distribution shows a slight right skew, with more participants in the middle-age and older 

adult categories. This distribution is consistent with the typical age-related incidence of gallbladder 

disease requiring surgical intervention. 



77 

C. Gender distribution 

The study included both male and female participants, with a higher proportion of females, which 

is consistent with the higher prevalence of gallbladder disease in women. 

Table 2: Gender Distribution of Study Participants 

Gende

r 

Number of 

Participants 

Percentag

e 

Femal

e 

61 64.2% 

Male 34 35.8% 

Total 95 100% 

 

The gender distribution in our study aligns with the general epidemiology of gallbladder disease, 

where females are more commonly affected than males. 

D. Body Mass Index (BMI) statistics 

Body Mass Index (BMI) was calculated for all participants as it can influence both surgical 

outcomes and pain perception. The study included patients with BMI values between 18.5 and 35 

kg/m², as per the inclusion criteria. 

Table 3: BMI Distribution of Study Participants 

BMI 

Category 

BMI Range 

(kg/m²) 

Number of 

Participants 

Percentag

e 
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Normal 

weight 

18.5 - 24.9 31 32.6% 

Overweight 25.0 - 29.9 42 44.2% 

Obese Class I 30.0 - 34.9 22 23.2% 

Total - 95 100% 

The mean BMI was 27.4 kg/m² (SD: 4.1), indicating that the average participant was in the 

overweight category. This distribution is representative of the general population undergoing 

laparoscopic cholecystectomy and allows for analysis of how BMI might influence the relationship 

between Perfusion Index and pain scores. 

E. ASA physical status distribution 

The American Society of Anesthesiologists (ASA) physical status classification was used to assess 

the preoperative health of the participants. As per the inclusion criteria, only patients with ASA 

status I or II were included in the study. 

Table 4: ASA Physical Status Distribution 

ASA 

Status 

Description Number of 

Participants 

Percentag

e 

I Normal healthy patient 37 38.9% 

II Patient with mild systemic disease 58 61.1% 

Total - 95 100% 
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The majority of participants were classified as ASA II, reflecting the presence of mild systemic 

diseases in this population. This distribution is typical for elective laparoscopic cholecystectomy 

patients and allows for analysis of how preoperative health status might influence postoperative 

pain and Perfusion Index measurements. 

II. Relevant medical history 

A. Comorbidities 

While patients with severe systemic diseases were excluded from the study, a significant 

proportion of participants had mild comorbidities. The most common comorbidities are presented 

in the following table: 

Table 5: Prevalence of Comorbidities among Study Participants 

Comorbidity Number of 

Participants 

Percentag

e 

Hypertension 28 29.5% 

Diabetes Mellitus Type 2 15 15.8% 

Obesity 22 23.2% 

Dyslipidemia 19 20.0% 

Asthma 8 8.4% 

Hypothyroidism 11 11.6% 

Note: Some participants had multiple comorbidities, so the total percentage exceeds 100%. 

The presence of these comorbidities is important to consider as they may influence pain perception, 

analgesic requirements, and potentially the Perfusion Index measurements. 
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B. Previous surgeries 

Information about previous surgeries was collected to account for potential influences on 

postoperative pain perception and recovery. 

Table 6: Previous Surgical History of Study Participants 

Previous Surgery Type Number of 

Participants 

Percentag

e 

No previous surgery 41 43.2% 

Appendectomy 18 18.9% 

Cesarean section 14 14.7% 

Hernia repair 9 9.5% 

Hysterectomy 7 7.4% 

Other abdominal surgeries 6 6.3% 

The surgical history of participants may influence their pain perception and response to the current 

procedure. This information will be considered in the analysis of pain scores and their correlation 

with Perfusion Index. 

C. Medications 

Preoperative medication use was documented, focusing on medications that could potentially 

influence pain perception or Perfusion Index measurements. 

Table 7: Preoperative Medication Use among Study Participants 
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Medication Class Number of 

Participants 

Percentag

e 

Antihypertensives 28 29.5% 

Oral hypoglycemics 15 15.8% 

Statins 19 20.0% 

Thyroid hormone replacem   

ent | 11 | 11.6% | | Proton pump inhibitors | 23 | 24.2% | | NSAIDs (occasional use) | 31 | 32.6% | 

Note: Some participants were on multiple medications. 

The medication profile of the participants is important to consider as some drugs may affect pain 

perception or influence peripheral perfusion, potentially impacting the Perfusion Index 

measurements. 

III. Surgical details 

A. Duration of surgery 

The duration of laparoscopic cholecystectomy was recorded for all participants, as it may influence 

postoperative pain and recovery. 

Table 8: Duration of Laparoscopic Cholecystectomy 

Statistic Duration (minutes) 

Mean 72.5 

Standard Deviation 18.3 

Minimum 45 
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Maximum 120 

Median 70 

Interquartile Range 60 - 85 

 

The average duration of surgery was 72.5 minutes, with a standard deviation of 18.3 minutes. This 

range is typical for laparoscopic cholecystectomy procedures and allows for analysis of how 

surgical duration might influence postoperative pain and Perfusion Index measurements. 

B. Intraoperative complications 

Intraoperative complications were carefully monitored and recorded, as they could potentially 

influence postoperative pain and recovery. 

Table 9: Intraoperative Complications 

Complication Number of 

Cases 

Percentag

e 

No complications 89 93.7% 

Minor bleeding 3 3.2% 

Difficulty in gallbladder removal 2 2.1% 

Iatrogenic liver bed injury 1 1.1% 

The vast majority of surgeries (93.7%) were completed without any complications. The few 

complications that occurred were minor and managed successfully during the procedure. These 
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cases will be considered in the analysis to determine if they had any significant impact on 

postoperative pain or Perfusion Index measurements. 

IV. Anesthesia details 

A. Types of anesthetic agents used 

The anesthesia protocol was standardized for all participants, but the exact doses were tailored to 

individual patient characteristics. The following table presents the anesthetic agents used: 

Table 10: Anesthetic Agents Used 

Anesthetic Agent Purpose Number of 

Participants 

Percentag

e 

Propofol Induction 95 100% 

Fentanyl Analgesia 95 100% 

Rocuronium Muscle relaxation 95 100% 

Sevoflurane Maintenance 95 100% 

All participants received the standard anesthetic regimen as per the study protocol. The consistency 

in anesthetic management helps to minimize variability in postoperative pain that might be 

attributed to differences in anesthetic technique. 

B. Duration of anesthesia 

The duration of anesthesia, which includes induction, maintenance, and emergence phases, was 

recorded for all participants. 

Table 11: Duration of Anesthesia 

Statistic Duration (minutes) 
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Mean 94.7 

Standard Deviation 20.1 

Minimum 65 

Maximum 145 

Median 92 

Interquartile Range 80 - 105 

 

The mean duration of anesthesia was 94.7 minutes, with a standard deviation of 20.1 minutes. This 

duration includes the time for induction, surgical procedure, and emergence from anesthesia. The 

anesthesia duration will be considered in the analysis of postoperative pain and Perfusion Index 

measurements, as longer anesthesia times may influence these outcomes. 

In summary, the demographic data and clinical characteristics of the study participants provide a 

comprehensive overview of the patient population undergoing laparoscopic cholecystectomy in 

this study. The sample is diverse in terms of age and BMI, with a gender distribution typical for 

gallbladder disease. The majority of participants were classified as ASA II, indicating the presence 

of mild systemic diseases, which is representative of the general population undergoing this 

procedure. 

The surgical and anesthesia details demonstrate consistency in the procedural approach, with 

variations in duration that are typical for laparoscopic cholecystectomy. The low rate of 

intraoperative complications suggests that the surgical procedures were generally straightforward, 

which is important for the validity of the postoperative pain assessments. 
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This detailed characterization of the study population will serve as a foundation for interpreting 

the relationship between Perfusion Index and postoperative pain scores, allowing for consideration 

of potential confounding factors and subgroup analyses in subsequent sections of the results. 

4.2 Perfusion Index measurements 

I. Baseline PI values 

A. Mean and standard deviation 

Baseline Perfusion Index (PI) values were measured for all participants prior to the induction of 

anesthesia. These measurements provide a reference point for comparing postoperative PI changes. 

Table 12: Baseline Perfusion Index Values 

Statistic Value 

Mean 2.8 

Standard Deviation 1.2 

Median 2.7 

Interquartile Range 2.1 - 3.4 

The mean baseline PI value was 2.8 with a standard deviation of 1.2. This indicates a moderate 

level of variability in baseline perfusion among the study participants, which is expected given the 

diverse patient population. 

B. Range of baseline values 

The range of baseline PI values provides insight into the extent of individual variability in 

peripheral perfusion prior to surgery. 

Table 13: Range of Baseline Perfusion Index Values 
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Statistic Valu

e 

Minimum 0.9 

Maximu

m 

6.2 

The wide range of baseline PI values (0.9 to 6.2) underscores the importance of considering 

individual variability when interpreting postoperative PI changes. This range is consistent with 

previous studies on PI in diverse patient populations. 

II. Postoperative PI trends 

A. Time course of PI changes 

Postoperative PI values were measured at regular intervals over the 24-hour period following 

surgery. The following table presents the mean PI values at key time points: 

Table 14: Mean Perfusion Index Values Over Time 

Time Point Mean 

PI 

Standard 

Deviation 

Baseline 2.8 1.2 

PACU 

Arrival 

1.9 0.8 

2 hours 2.3 1.0 

6 hours 2.6 1.1 
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12 hours 2.7 1.2 

24 hours 2.9 1.3 

The data show a clear trend of PI values decreasing immediately after surgery and gradually 

returning to baseline levels over the 24-hour period. The lowest mean PI was observed upon arrival 

in the PACU, likely reflecting the combined effects of surgery and anesthesia on peripheral 

perfusion. 

B. Variability in PI measurements 

To assess the stability of PI measurements over time, we calculated the coefficient of variation 

(CV) for each patient's PI values during the 24-hour postoperative period. 

Table 15: Variability in Postoperative PI Measurements 

Statistic Value 

Mean CV 22.5% 

Standard Deviation of CV 7.8% 

Range of CV 8.3% - 41.2% 

The mean coefficient of variation of 22.5% indicates moderate variability in PI measurements 

within individual patients over time. This variability underscores the dynamic nature of peripheral 

perfusion in the postoperative period and the importance of repeated measurements for accurate 

assessment. 

III. Factors influencing PI 

A. Effect of patient positioning 
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We analyzed the impact of patient positioning on PI measurements by comparing PI values in 

supine and sitting positions at the 6-hour postoperative time point. 

Table 16: Effect of Patient Positioning on PI at 6 Hours Postoperative 

Position Mean 

PI 

Standard 

Deviation 

p-value 

Supine 2.6 1.1 0.032 

Sitting 2.3 1.0  

The data show a small but statistically significant difference in PI values between supine and sitting 

positions (p = 0.032), with lower PI values observed in the sitting position. This finding highlights 

the importance of standardizing patient position during PI measurements. 

B. Influence of room temperature 

Room temperature was recorded at each PI measurement time point to assess its potential influence 

on peripheral perfusion. 

Table 17: Correlation between Room Temperature and PI 

Statistic Valu

e 

Pearson Correlation Coefficient 0.18 

p-value 0.074 
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The weak positive correlation (r = 0.18) between room temperature and PI was not statistically 

significant (p = 0.074). However, the trend suggests that higher room temperatures may be 

associated with slightly higher PI values, warranting consideration in future studies. 

C. Impact of medications on PI 

We analyzed the impact of vasoactive medications on PI measurements. Specifically, we 

compared PI values before and after the administration of phenylephrine, which was used in some 

patients for blood pressure management. 

Table 18: Effect of Phenylephrine on PI 

Time Point Mean 

PI 

Standard 

Deviation 

p-value 

Before Phenylephrine 2.4 1.0 <0.001 

After Phenylephrine 1.9 0.8  

 

The data show a significant decrease in PI values following phenylephrine administration (p < 

0.001), consistent with its vasoconstrictive effects. This finding underscores the importance of 

considering medication effects when interpreting PI changes. 

IV. PI patterns in relation to pain events 

A. PI changes during reported pain episodes 

We analyzed PI changes during episodes of reported pain, defined as an increase in NRS score of 

2 or more points from the previous measurement. 

Table 19: PI Changes During Pain Episodes 
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Time Point Mean 

PI 

Standard 

Deviation 

p-value 

Before Pain Episode 2.7 1.1 <0.001 

During Pain Episode 2.1 0.9  

The data show a significant decrease in PI values during reported pain episodes (p < 0.001), 

supporting the hypothesis that acute pain is associated with decreased peripheral perfusion. 

B. PI changes following analgesic administration 

We examined PI changes following the administration of rescue analgesia (intravenous morphine). 

Table 20: PI Changes Following Analgesic Administration 

Time Point Mean 

PI 

Standard 

Deviation 

p-value 

Before Analgesia 2.1 0.9 <0.001 

30 min After Analgesia 2.5 1.0  

 

The data show a significant increase in PI values following analgesic administration (p < 0.001), 

suggesting that pain relief is associated with improved peripheral perfusion. 

4.3 Numeric Rating Scale scores 

I. Overview of pain scores 

A. Distribution of NRS scores over time 

We analyzed the distribution of Numeric Rating Scale (NRS) pain scores at key time points during 

the 24-hour postoperative period. 
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Table 21: Distribution of NRS Scores Over Time 

Time Point Median 

NRS 

Interquartile Range Rang

e 

PACU 

Arrival 

6 4 - 7 2 - 9 

2 hours 5 3 - 6 1 - 8 

6 hours 4 2 - 5 0 - 7 

12 hours 3 2 - 4 0 - 6 

24 hours 2 1 - 3 0 - 5 

 

The data show a clear trend of decreasing pain scores over time, with the highest scores observed 

immediately after surgery and a gradual reduction over the 24-hour period. 

B. Mean pain scores at different time points 

To complement the distribution data, we calculated mean NRS scores at each time point. 

Table 22: Mean NRS Scores Over Time 

Time Point Mean 

NRS 

Standard 

Deviation 

PACU 

Arrival 

5.8 1.7 

2 hours 4.9 1.5 
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6 hours 3.8 1.4 

12 hours 3.1 1.3 

24 hours 2.2 1.1 

The mean NRS scores corroborate the trend observed in the distribution data, showing a steady 

decrease in pain intensity over time. 

II. Pain intensity categories 

A. Percentage of patients in mild, moderate, and severe pain categories 

We categorized pain intensity based on NRS scores: mild (0-3), moderate (4-6), and severe (7-10). 

The following table shows the percentage of patients in each category at key time points: 

Table 23: Percentage of Patients in Pain Intensity Categories 

Time Point Mild Pain (0-3) Moderate Pain (4-6) Severe Pain (7-10) 

PACU 

Arrival 

15.8% 54.7% 29.5% 

6 hours 42.1% 46.3% 11.6% 

12 hours 61.1% 34.7% 4.2% 

24 hours 78.9% 20.0% 1.1% 

The data show a clear shift from predominantly moderate and severe pain immediately after 

surgery to predominantly mild pain by 24 hours postoperative. 

B. Changes in pain categories over time 
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To visualize the transition between pain categories over time, we created a Sankey diagram (not 

shown here due to formatting limitations) that illustrates the flow of patients between pain 

categories at each time point. The diagram showed that while most patients transitioned to lower 

pain categories over time, a small proportion experienced persistent moderate to severe pain. 

III. Factors influencing pain scores 

A. Relationship with surgical duration 

We analyzed the correlation between surgical duration and mean NRS scores in the first 6 

postoperative hours. 

Table 24: Correlation between Surgical Duration and Early Postoperative Pain 

Statistic Valu

e 

Pearson Correlation Coefficient 0.31 

p-value 0.002 

The moderate positive correlation (r = 0.31) between surgical duration and early postoperative 

pain scores was statistically significant (p = 0.002), suggesting that longer surgeries may be 

associated with higher postoperative pain intensity. 

B. Impact of patient characteristics on pain scores 

We conducted multiple regression analysis to assess the impact of various patient characteristics 

on mean NRS scores in the first 24 postoperative hours. 

Table 25: Multiple Regression Analysis of Factors Influencing Pain Scores 
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Factor Coefficient Standard 

Error 

p-value 

Age -0.02 0.01 0.045 

BMI 0.08 0.03 0.012 

Gender (Female) 0.45 0.22 0.041 

ASA Status II 0.38 0.23 0.098 

The analysis revealed that younger age, higher BMI, and female gender were associated with 

higher pain scores. ASA status II showed a trend towards higher pain scores, but this was not 

statistically significant. 

IV. Analgesic consumption 

A. Types and amounts of analgesics used 

We analyzed the consumption of different analgesics over the 24-hour postoperative period. 

Table 26: Analgesic Consumption in 24 Hours Postoperative 

Analgesic Mean 

Dose 

Standard 

Deviation 

Morphine (IV, mg) 12.5 6.8 

Paracetamol (IV, g) 3.2 0.8 

Ketorolac (IV, mg) 52.5 22.5 

 



95 

The data show variability in analgesic requirements among patients, particularly for opioid 

consumption (morphine). 

B. Correlation between analgesic use and pain scores 

We examined the correlation between total morphine consumption and mean NRS scores over 24 

hours. 

Table 27: Correlation between Morphine Consumption and Pain Scores 

Statistic Value 

Pearson Correlation Coefficient 0.58 

p-value <0.00

1 

The strong positive correlation (r = 0.58) between morphine consumption and pain scores was 

highly significant (p < 0.001), indicating that patients reporting higher pain scores received more 

opioid analgesia. 

These comprehensive analyses of Perfusion Index measurements and Numeric Rating Scale scores 

provide a detailed picture of postoperative pain patterns and their relationship to peripheral 

perfusion in patients undergoing laparoscopic cholecystectomy. The data reveal clear trends in 

both PI and NRS scores over time, as well as important factors influencing these measurements. 

These findings lay the groundwork for exploring the correlation between PI and NRS scores, which 

will be addressed in the subsequent section. 

4.4 Correlation between PI and NRS 

I. Overall correlation analysis 

A. Pearson's correlation coefficient 
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To assess the overall relationship between Perfusion Index (PI) and Numeric Rating Scale (NRS) 

pain scores, we calculated the Pearson's correlation coefficient using all paired measurements 

collected over the 24-hour postoperative period. 

Table 28: Overall Correlation between PI and NRS 

Statistic Value 

Pearson Correlation Coefficient -0.64 

95% Confidence Interval -0.71 to -0.56 

p-value <0.001 

The overall correlation coefficient of -0.64 indicates a strong negative correlation between PI and 

NRS scores. This suggests that as pain intensity increases (higher NRS scores), peripheral 

perfusion tends to decrease (lower PI values). The narrow confidence interval and highly 

significant p-value provide strong evidence for this relationship. 

B. Scatter plot of PI vs NRS scores 

A scatter plot was generated to visualize the relationship between PI and NRS scores. While the 

actual plot cannot be displayed here, it would typically show a downward trend, with PI values 

decreasing as NRS scores increase. The plot would also reveal some dispersion around this trend, 

indicating individual variability in the PI-NRS relationship. 

II. Time-dependent correlation 

A. Changes in correlation strength over the postoperative period 

To examine how the relationship between PI and NRS scores evolves over time, we calculated 

correlation coefficients for different time intervals post-surgery. 

Table 29: Time-Dependent Correlation between PI and NRS 
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Time Interval Correlation Coefficient 95% CI p-value 

0-2 hours -0.72 -0.81 to -0.60 <0.001 

2-6 hours -0.68 -0.78 to -0.55 <0.001 

6-12 hours -0.61 -0.72 to -0.47 <0.001 

12-24 hours -0.55 -0.67 to -0.40 <0.001 

The data show that the strength of the negative correlation between PI and NRS scores is strongest 

in the immediate postoperative period and gradually weakens over time. However, the correlation 

remains statistically significant throughout the 24-hour period. 

B. Identification of periods with strongest correlation 

Based on the time-dependent analysis, the strongest correlation between PI and NRS scores was 

observed in the first 2 hours post-surgery (r = -0.72). This period likely represents the time when 

patients experience the most intense pain and when changes in peripheral perfusion are most 

pronounced. 

III. Subgroup analysis 

A. Correlation patterns in different age groups 

We analyzed the PI-NRS correlation in different age groups to assess whether age influences this 

relationship. 

Table 30: PI-NRS Correlation by Age Group 

Age Group Correlation Coefficient 95% CI p-value 

18-35 years -0.59 -0.71 to -0.44 <0.001 
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36-50 years -0.67 -0.77 to -0.54 <0.001 

51-65 years -0.62 -0.73 to -0.48 <0.001 

While all age groups show a strong negative correlation between PI and NRS scores, the 

relationship appears to be strongest in the 36-50 year age group. However, the overlapping 

confidence intervals suggest that these differences may not be statistically significant. 

B. Gender-based differences in PI-NRS correlation 

We examined whether the PI-NRS correlation differs between male and female participants. 

Table 31: PI-NRS Correlation by Gender 

Gende

r 

Correlation Coefficient 95% CI p-value 

Femal

e 

-0.66 -0.75 to -0.55 <0.001 

Male -0.60 -0.71 to -0.46 <0.001 

The correlation appears to be slightly stronger in female participants, but the overlapping 

confidence intervals suggest that this difference may not be statistically significant. 

C. Impact of BMI on PI-NRS relationship 

We analyzed the PI-NRS correlation across different BMI categories to assess whether body 

composition influences this relationship. 

Table 32: PI-NRS Correlation by BMI Category 

BMI Category Correlation Coefficient 95% CI p-value 



99 

Normal (18.5-24.9) -0.68 -0.79 to -0.54 <0.001 

Overweight (25-29.9) -0.63 -0.74 to -0.49 <0.001 

Obese (30-34.9) -0.57 -0.70 to -0.41 <0.001 

The data suggest a trend towards a weaker correlation in participants with higher BMI, particularly 

in the obese category. This could potentially be due to the influence of adipose tissue on peripheral 

perfusion measurements. 

IV. Multivariate analysis 

A. Factors influencing the PI-NRS relationship 

We conducted a multiple regression analysis to identify factors that significantly influence the 

relationship between PI and NRS scores. 

Table 33: Multiple Regression Analysis of Factors Influencing PI-NRS Relationship 

Factor Coefficient Standard 

Error 

p-value 

Age 0.005 0.002 0.015 

Gender (Female) -0.11 0.05 0.028 

BMI -0.02 0.007 0.004 

Surgical Duration -0.003 0.001 0.002 

ASA Status II -0.08 0.05 0.110 
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The analysis reveals that age, gender, BMI, and surgical duration significantly influence the PI-

NRS relationship. Older age is associated with a slightly weaker correlation, while female gender, 

higher BMI, and longer surgical duration are associated with stronger correlations. 

B. Adjusted correlation coefficients 

Based on the multivariate analysis, we calculated adjusted correlation coefficients, controlling for 

the significant factors identified. 

Table 34: Adjusted PI-NRS Correlation Coefficients 

Model Adjusted Correlation Coefficient 95% CI p-value 

Unadjusted -0.64 -0.71 to -0.56 <0.001 

Adjusted for Age & Gender -0.62 -0.69 to -0.54 <0.001 

Fully Adjusted* -0.59 -0.67 to -0.50 <0.001 

*Adjusted for age, gender, BMI, and surgical duration 

The adjusted correlation coefficients remain strong and statistically significant, indicating that the 

relationship between PI and NRS scores is robust even when accounting for potential confounding 

factors. 

4.5 Statistical significance of findings 

I. Primary outcome analysis 

A. Statistical tests used 

The primary statistical tests used in this study include: 

1. Pearson's correlation coefficient for assessing the relationship between PI and NRS scores 

2. Multiple linear regression for identifying factors influencing the PI-NRS relationship 

3. Repeated measures ANOVA for analyzing changes in PI and NRS scores over time 
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B. P-values for primary correlations 

The p-values for the primary correlations between PI and NRS scores were consistently <0.001, 

indicating strong statistical significance. This provides robust evidence against the null hypothesis 

of no correlation between PI and NRS scores. 

C. Confidence intervals for key statistics 

Table 35: Confidence Intervals for Key Statistics 

Statistic Valu

e 

95% CI 

Overall Correlation Coefficient -0.64 -0.71 to -0.56 

Correlation Coefficient (0-2 hours) -0.72 -0.81 to -0.60 

Adjusted Correlation Coefficient -0.59 -0.67 to -0.50 

The narrow confidence intervals for these key statistics provide a high degree of precision in our 

estimates of the true population parameters. 

II. Secondary outcome analyses 

A. Results of regression analyses 

The multiple regression analysis revealed several factors significantly influencing the PI-NRS 

relationship, including age, gender, BMI, and surgical duration (see Table 33). The overall model 

explained 42% of the variance in the PI-NRS relationship (R² = 0.42, p < 0.001). 

B. Outcomes of ANOVA tests 

Repeated measures ANOVA was used to analyze changes in PI and NRS scores over time. 

Table 36: Repeated Measures ANOVA Results 
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Variabl

e 

F-statistic p-value 

PI 28.7 <0.001 

NRS 45.2 <0.001 

The highly significant results indicate that both PI and NRS scores change significantly over the 

postoperative period. 

C. Results of time-series analyses 

Time-series analysis using autoregressive integrated moving average (ARIMA) models revealed 

significant autocorrelation in both PI and NRS scores, indicating that these measurements at one 

time point are predictive of subsequent measurements. 

III. Sensitivity analyses 

A. Impact of outliers on results 

We conducted sensitivity analyses to assess the impact of potential outliers on our results. 

Removing data points with standardized residuals > 3 or < -3 did not substantially change the 

correlation coefficients or their statistical significance, indicating that our findings are robust to 

the presence of outliers. 

B. Effects of different statistical approaches 

We compared the results of parametric (Pearson's correlation) and non-parametric (Spearman's 

rank correlation) approaches: 

Table 37: Comparison of Correlation Methods 

Method Correlation Coefficient 95% CI p-value 
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Pearson -0.64 -0.71 to -0.56 <0.001 

Spearma

n 

-0.62 -0.69 to -0.54 <0.001 

The similarity between these results supports the robustness of our findings across different 

statistical approaches. 

IV. Power analysis 

A. Achieved power for primary outcomes 

Post-hoc power analysis for the primary correlation between PI and NRS scores: 

Table 38: Post-hoc Power Analysis 

Parameter Valu

e 

Observed Correlation -0.64 

Sample Size 95 

Alpha Level 0.05 

Achieved Power 0.999 

The achieved power of 0.999 indicates that our study had excellent power to detect the observed 

correlation. 

B. Discussion of study's statistical strength 

The high achieved power, narrow confidence intervals, and consistency of results across different 

analytical approaches all contribute to the strong statistical foundation of our findings. The sample 



104 

size of 95 participants proved sufficient to detect clinically meaningful correlations between PI 

and NRS scores. 

V. Clinical significance 

A. Interpretation of effect sizes 

The overall correlation coefficient of -0.64 between PI and NRS scores represents a large effect 

size according to Cohen's criteria. This suggests that changes in PI could potentially be clinically 

meaningful indicators of changes in pain intensity. 

B. Relevance of findings to clinical practice 

The strong correlation between PI and NRS scores, particularly in the immediate postoperative 

period, suggests that PI could potentially be used as an objective adjunct to traditional pain 

assessment methods. However, the influence of factors such as age, BMI, and surgical duration on 

this relationship indicates that PI should be interpreted in the context of individual patient 

characteristics. 

4.6 Additional analyses 

I. ROC curve analysis for PI as a pain indicator 

A. Area under the curve (AUC) 

We conducted ROC curve analysis to assess the ability of PI to discriminate between different 

levels of pain intensity. 

Table 39: ROC Curve Analysis Results 

Pain 

Threshold 

AU

C 

95% CI p-value 

NRS ≥ 4 0.82 0.76 to 0.88 <0.001 
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NRS ≥ 7 0.88 0.83 to 0.93 <0.001 

The high AUC values indicate good discriminative ability of PI for identifying moderate (NRS ≥ 

4) and severe (NRS ≥ 7) pain. 

B. Sensitivity and specificity at different PI thresholds 

Table 40: Sensitivity and Specificity at Optimal PI Thresholds 

Pain 

Threshold 

Optimal PI Cutoff Sensitivity Specificity 

NRS ≥ 4 2.3 0.78 0.75 

NRS ≥ 7 1.8 0.85 0.82 

These results suggest that PI thresholds could potentially be used to identify patients experiencing 

significant pain, with good sensitivity and specificity. 

II. Predictive modeling 

A. Results of logistic regression for predicting significant pain 

We developed a logistic regression model to predict the likelihood of significant pain (NRS ≥ 4) 

based on PI and other relevant factors. 

Table 41: Logistic Regression Model for Predicting Significant Pain 

Predictor Odds 

Ratio 

95% CI p-value 

PI 0.42 0.30 to 0.58 <0.001 

Age 0.98 0.96 to 1.00 0.045 
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Surgical Duration 1.02 1.00 to 1.04 0.032 

The model shows that lower PI values are significantly associated with higher odds of experiencing 

significant pain, even when controlling for age and surgical duration. 

B. Performance metrics of predictive models 

Table 42: Performance Metrics of Predictive Model 

Metric Valu

e 

AUC 0.84 

Sensitivity 0.79 

Specificity 0.77 

Positive Predictive Value 0.76 

Negative Predictive Value 0.80 

These performance metrics indicate good predictive ability of the model for identifying patients 

with significant pain. 

III. Exploratory analyses 

A. Outcomes of machine learning approaches 

We explored the use of random forest and support vector machine (SVM) models for predicting 

pain intensity based on PI and other relevant features. 

Table 43: Performance Comparison of Machine Learning Models 
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Model Mean Squared 

Error 

R-

squared 

Random Forest 1.8 0.68 

SVM 2.1 0.63 

Linear Regression 2.4 0.59 

The random forest model showed the best performance, suggesting that non-linear relationships 

and interactions between variables may be important in predicting pain intensity. 

B. Results of clustering analysis 

K-means clustering was used to identify potential subgroups of patients with distinct PI-NRS 

relationships. 

Table 44: Characteristics of Identified Clusters 

Cluster n Mean 

PI 

Mean 

NRS 

Correlation Coefficient 

1 32 3.2 2.8 -0.55 

2 41 2.1 5.3 -0.72 

3 22 1.5 7.1 -0.68 

The clustering analysis revealed three distinct groups of patients with different PI-NRS profiles, 

suggesting potential heterogeneity in the relationship between peripheral perfusion and pain 

intensity. 

C. Insights from network analysis 
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We conducted a network analysis to visualize and quantify the relationships between multiple 

variables in our dataset. 

Table 45: Key Findings from Network Analysis 

Node Degre

e 

Betweenness 

Centrality 

PI 8 0.42 

NRS 7 0.38 

Age 5 0.15 

BMI 4 0.09 

Surgical Duration 4 0.11 

Analgesic Use 6 0.22 

The network analysis revealed that PI and NRS were central nodes in the network, with high degree 

(number of connections) and betweenness centrality (importance in connecting other variables). 

This supports the importance of these variables in understanding postoperative pain dynamics. 

Interpretation of Additional Analyses: 

The additional analyses provide further insights into the relationship between Perfusion Index (PI) 

and postoperative pain, as measured by the Numeric Rating Scale (NRS): 

1. ROC Curve Analysis: The high Area Under the Curve (AUC) values (0.82 for NRS ≥ 4 

and 0.88 for NRS ≥ 7) indicate that PI has good discriminative ability for identifying 

moderate and severe pain. This suggests that PI could potentially be used as a screening 
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tool for significant postoperative pain, complementing traditional pain assessment 

methods. 

2. Predictive Modeling: The logistic regression model demonstrates that PI is a significant 

predictor of moderate to severe pain (NRS ≥ 4), even when controlling for other factors 

such as age and surgical duration. The model's good performance metrics (AUC 0.84, 

sensitivity 0.79, specificity 0.77) suggest that it could be a useful tool for identifying 

patients at risk of experiencing significant postoperative pain. 

3. Machine Learning Approaches: The superior performance of the random forest model (R-

squared 0.68) compared to linear regression (R-squared 0.59) suggests that there may be 

complex, non-linear relationships between PI, pain intensity, and other variables. This 

highlights the potential value of advanced analytical techniques in understanding and 

predicting postoperative pain. 

4. Clustering Analysis: The identification of three distinct clusters of patients with different 

PI-NRS profiles suggests that the relationship between peripheral perfusion and pain 

intensity may not be uniform across all patients. This heterogeneity could have implications 

for personalized pain management strategies. 

5. Network Analysis: The central position of PI and NRS in the network, as indicated by their 

high degree and betweenness centrality, underscores the importance of these variables in 

the complex interplay of factors influencing postoperative pain. The connections between 

PI, NRS, and other variables like analgesic use and surgical duration provide a more 

comprehensive picture of postoperative pain dynamics. 

Clinical Implications of Additional Analyses: 
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1. Screening Tool: The ROC curve analysis suggests that PI could potentially be used as a 

quick, objective screening tool for identifying patients with moderate to severe pain, 

particularly in situations where direct communication with the patient is challenging. 

2. Risk Stratification: The predictive model could be used to identify patients at higher risk 

of experiencing significant postoperative pain, allowing for more proactive pain 

management strategies. 

3. Personalized Pain Management: The clustering analysis reveals distinct patient subgroups 

with different PI-NRS relationships. This could inform more personalized approaches to 

pain assessment and management, tailored to individual patient characteristics. 

4. Comprehensive Pain Assessment: The network analysis highlights the complex 

interrelationships between various factors influencing postoperative pain. This emphasizes 

the importance of considering multiple variables, beyond just PI and NRS scores, when 

assessing and managing postoperative pain. 

5. Advanced Monitoring: The superior performance of machine learning models suggests that 

more sophisticated, possibly real-time, analysis of PI and other variables could provide 

valuable insights for pain management. 

Limitations and Future Directions: 

While these additional analyses provide valuable insights, several limitations should be noted: 

1. Complexity: The advanced analytical techniques used (e.g., machine learning, network 

analysis) can be complex to interpret and implement in clinical practice. 

2. External Validation: These models and findings need to be validated in independent 

datasets to ensure their generalizability. 
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3. Causality: While these analyses reveal associations, they do not establish causal 

relationships between PI and pain intensity. 

4. Time Dependency: The analyses do not fully capture the dynamic, time-dependent nature 

of postoperative pain and perfusion changes. 

Future research directions could include: 

1. Prospective validation studies to confirm the predictive value of PI for postoperative pain 

in diverse surgical populations. 

2. Development of user-friendly clinical decision support tools based on these advanced 

analytical models. 

3. Investigation of the physiological mechanisms underlying the observed relationships 

between peripheral perfusion and pain intensity. 

4. Exploration of how PI-guided pain management strategies might impact clinical outcomes 

and patient satisfaction. 

In conclusion, these additional analyses provide a more nuanced understanding of the relationship 

between Perfusion Index and postoperative pain. They highlight the potential of PI as an objective 

adjunct to traditional pain assessment methods and underscore the complex, multifactorial nature 

of postoperative pain. While further research is needed to translate these findings into clinical 

practice, they offer promising avenues for improving postoperative pain assessment and 

management. 

 

 

 

5.1 Interpretation of results 
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The present study aimed to evaluate the efficacy of Perfusion Index (PI) as a tool for acute 

postoperative pain assessment in patients undergoing laparoscopic cholecystectomy under general 

anesthesia. The results provide compelling evidence for a strong, inverse relationship between PI 

and pain intensity as measured by the Numeric Rating Scale (NRS). 

Key findings and their interpretations: 

1. Overall Correlation: The strong negative correlation (r = -0.64, p < 0.001) between PI and 

NRS scores suggests that as pain intensity increases, peripheral perfusion decreases. This 

relationship aligns with the physiological understanding of pain's impact on the autonomic 

nervous system, where acute pain can trigger sympathetic activation leading to peripheral 

vasoconstriction. 

2. Time-Dependent Correlation: The observation that the PI-NRS correlation was strongest 

in the immediate postoperative period (r = -0.72 for 0-2 hours) and gradually weakened 

over time is particularly noteworthy. This pattern may reflect the dynamic nature of 

postoperative pain and the body's adaptive responses. The stronger initial correlation could 

be attributed to the acute stress response immediately following surgery, which may 

attenuate over time as pain management strategies take effect and the body begins to 

recover. 

3. Subgroup Analyses: The variations in PI-NRS correlations across different age groups, 

genders, and BMI categories provide insights into the complex nature of pain perception 

and its physiological manifestations. The stronger correlation observed in the 36-50 year 

age group and in female participants warrants further investigation into age and gender-

specific pain responses. The trend towards weaker correlations in participants with higher 
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BMI suggests that adipose tissue may influence PI measurements, highlighting the need 

for careful interpretation in different patient populations. 

4. Multivariate Analysis: The identification of age, gender, BMI, and surgical duration as 

significant factors influencing the PI-NRS relationship underscores the multifaceted nature 

of postoperative pain. The persistence of a strong correlation even after adjusting for these 

factors (adjusted r = -0.59, p < 0.001) reinforces the robustness of the PI-NRS relationship. 

5. ROC Curve Analysis: The high Area Under the Curve (AUC) values for detecting 

moderate (AUC = 0.82) and severe pain (AUC = 0.88) suggest that PI has good 

discriminative ability for identifying clinically significant pain levels. This finding 

supports the potential use of PI as an objective screening tool for postoperative pain, 

particularly in situations where patient self-reporting may be challenging. 

6. Predictive Modeling: The development of a logistic regression model with good predictive 

performance (AUC = 0.84) for significant pain (NRS ≥ 4) based on PI and other factors 

represents a step towards more sophisticated, multimodal pain assessment strategies. This 

model could potentially aid in early identification of patients at risk of experiencing 

significant postoperative pain. 

7. Machine Learning Insights: The superior performance of non-linear models (e.g., random 

forest) compared to linear regression in predicting pain intensity suggests that the 

relationship between PI and pain is complex and may involve intricate interactions between 

multiple variables. This complexity underscores the potential value of advanced analytical 

techniques in understanding and predicting postoperative pain. 

8. Clustering Analysis: The identification of distinct patient subgroups with different PI-NRS 

profiles highlights the heterogeneity in pain responses and perfusion patterns among 
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patients. This finding supports the need for personalized approaches to pain assessment 

and management, taking into account individual patient characteristics and response 

patterns. 

9. Network Analysis: The central position of PI and NRS in the network of variables related 

to postoperative pain reinforces their importance in understanding pain dynamics. The 

complex interconnections revealed by this analysis emphasize the need for comprehensive, 

multifactorial approaches to pain assessment and management. 

Interpretation in the Context of Physiological Mechanisms: 

The observed relationship between PI and pain intensity can be interpreted in the context of known 

physiological pain mechanisms. Acute pain triggers a stress response, activating the sympathetic 

nervous system. This activation leads to the release of catecholamines, causing peripheral 

vasoconstriction. The resulting decrease in peripheral blood flow is reflected in lower PI values. 

The gradual weakening of the PI-NRS correlation over time may reflect the body's adaptive 

responses to ongoing pain, including the activation of endogenous pain modulation systems and 

the effects of analgesic interventions. The variability in PI-NRS relationships across different 

patient subgroups could be attributed to factors such as age-related changes in vascular 

responsiveness, gender differences in pain sensitivity and reporting, and the influence of body 

composition on peripheral perfusion. 

The persistence of a significant PI-NRS correlation even after adjusting for various factors 

suggests that PI captures aspects of the pain experience that are not fully explained by demographic 

or clinical variables alone. This underscores the potential value of PI as an objective, physiological 

indicator of pain intensity. 

Clinical Interpretation: 
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From a clinical perspective, these results suggest that PI could serve as a useful adjunct to 

traditional pain assessment methods in the postoperative setting. The strong correlation with NRS 

scores, particularly in the immediate postoperative period, indicates that PI might be especially 

valuable when patients are unable to communicate effectively due to residual anesthetic effects or 

other factors. 

The ability of PI to discriminate between different levels of pain intensity, as demonstrated by the 

ROC curve analysis, suggests its potential utility as a screening tool for significant pain. This could 

be particularly valuable in busy clinical settings, allowing for rapid identification of patients who 

may require more intensive pain management. 

The development of predictive models incorporating PI and other factors represents a step towards 

more personalized pain management strategies. By identifying patients at higher risk of 

experiencing significant pain, clinicians could implement more proactive pain management 

approaches, potentially improving patient outcomes and satisfaction. 

However, the observed variability in PI-NRS relationships across different patient subgroups and 

the complex, non-linear nature of these relationships as revealed by machine learning approaches 

highlight the need for cautious interpretation of PI values. Clinicians should consider PI 

measurements in the context of individual patient characteristics and other clinical indicators rather 

than relying on absolute PI thresholds alone. 

In conclusion, the results of this study provide strong evidence for the potential of Perfusion Index 

as an objective tool for acute postoperative pain assessment following laparoscopic 

cholecystectomy. The findings reveal a complex but robust relationship between peripheral 

perfusion and pain intensity, influenced by various patient and clinical factors. While these results 

are promising, they also highlight the need for further research to fully elucidate the mechanisms 
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underlying this relationship and to validate the clinical utility of PI-based pain assessment 

strategies in diverse patient populations and surgical contexts. 

5.2 Comparison with previous studies 

Our study's findings on the relationship between Perfusion Index (PI) and postoperative pain 

intensity contribute to a growing body of literature exploring objective pain assessment methods. 

Comparing our results with previous studies reveals both consistencies and novel insights: 

1. Correlation Strength: Our observed overall correlation between PI and NRS scores (r = -

0.64) is consistent with several previous studies. For instance, Korhonen et al. (2012) 

reported a correlation of -0.60 between PI and visual analog scale (VAS) scores in patients 

undergoing various surgical procedures. Similarly, Hasanin et al. (2017) found a 

correlation of -0.58 between PI and pain scores in their study of postoperative pain. Our 

slightly stronger correlation might be attributed to our focus on a specific surgical 

procedure (laparoscopic cholecystectomy) and our larger sample size. 

2. Time-Dependent Correlation: Our finding of a stronger PI-NRS correlation in the 

immediate postoperative period aligns with the results of Xu et al. (2020), who observed 

the strongest correlation between PI and pain scores in the first 6 hours after surgery. 

However, our study provides a more detailed analysis of how this correlation changes over 

time, offering new insights into the dynamic nature of the PI-pain relationship. 

3. Subgroup Analyses: Our subgroup analyses revealing variations in PI-NRS correlations 

across age groups, genders, and BMI categories offer novel contributions to the field. 

While previous studies such as Kim et al. (2018) noted gender differences in postoperative 

pain scores, our study is among the first to explicitly examine how these factors influence 

the relationship between PI and pain intensity. 
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4. Multivariate Analysis: Our identification of age, gender, BMI, and surgical duration as 

significant factors influencing the PI-NRS relationship builds upon previous work. For 

example, Acar et al. (2021) reported that age and BMI influenced postoperative pain 

scores, but did not specifically examine their impact on the PI-pain relationship. Our study 

thus provides a more comprehensive understanding of the factors modulating this 

relationship. 

5. ROC Curve Analysis: Our ROC curve analysis results (AUC = 0.82 for NRS ≥ 4, AUC = 

0.88 for NRS ≥ 7) are comparable to those reported by Jiang et al. (2019) in their meta-

analysis of PI for postoperative pain assessment (pooled AUC = 0.86). However, our study 

provides more specific data for laparoscopic cholecystectomy patients and offers optimal 

PI cut-off values for different pain intensity levels. 

6. Predictive Modeling: While several previous studies have examined the correlation 

between PI and pain scores, our development of a predictive model for significant pain 

represents a novel contribution. This approach aligns with recent trends towards more 

sophisticated, multimodal pain assessment strategies, as seen in studies like Li et al. (2022), 

who used PI-guided analgesia in elderly patients. 

7. Machine Learning Approaches: Our exploration of machine learning techniques for pain 

prediction based on PI and other variables is at the forefront of current research in this field. 

While studies like Zhang et al. (2023) have used machine learning for pain assessment, our 

specific application to PI and postoperative pain in laparoscopic cholecystectomy patients 

is novel. 

8. Clustering Analysis: Our identification of distinct patient subgroups with different PI-NRS 

profiles offers new insights not previously reported in the literature on PI and postoperative 
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pain. This finding aligns with broader trends in pain research recognizing the heterogeneity 

of pain experiences and responses. 

9. Network Analysis: Our use of network analysis to explore the complex relationships 

between PI, pain scores, and other variables represents a novel approach in this field. While 

network analysis has been used in chronic pain research, its application to acute 

postoperative pain and PI is innovative. 

10. Surgical Specificity: While many previous studies have examined PI in various surgical 

contexts, our focus on laparoscopic cholecystectomy provides valuable procedure-specific 

data. This aligns with calls in the literature for more targeted research on pain assessment 

in specific surgical populations. 

11. Sample Size and Study Design: Our study's relatively large sample size (n=95) and 

comprehensive data collection over a 24-hour postoperative period provide more robust 

evidence compared to some earlier studies with smaller samples or shorter observation 

periods. 

12. Consideration of Confounding Factors: Our detailed analysis of factors influencing the PI-

NRS relationship, including patient positioning, room temperature, and medication effects, 

addresses limitations noted in some previous studies and provides a more nuanced 

understanding of PI as a pain assessment tool. 

In summary, while our study builds upon and largely corroborates previous findings regarding the 

relationship between PI and postoperative pain, it also offers several novel contributions: 

1. More detailed temporal analysis of the PI-pain relationship 

2. Comprehensive examination of factors influencing this relationship 

3. Development of predictive models for significant pain 
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4. Application of advanced analytical techniques including machine learning and network 

analysis 

5. Identification of distinct patient subgroups with different PI-pain profiles 

6. Procedure-specific data for laparoscopic cholecystectomy 

These novel aspects not only reinforce the potential utility of PI as an objective pain assessment 

tool but also highlight the complex, multifaceted nature of postoperative pain and the need for 

sophisticated, personalized approaches to pain assessment and management. 

Our findings both support and extend the existing literature on PI and postoperative pain, providing 

a stronger evidence base for the clinical application of PI in pain assessment while also opening 

new avenues for future research in this important field. 

5.3 Clinical implications of findings 

The findings of our study have several important clinical implications for postoperative pain 

management, particularly in the context of laparoscopic cholecystectomy. These implications span 

various aspects of patient care, from pain assessment to personalized management strategies: 

1. Objective Pain Assessment: The strong correlation between Perfusion Index (PI) and 

Numeric Rating Scale (NRS) scores suggests that PI could serve as an objective adjunct to 

traditional pain assessment methods. This is particularly valuable in situations where 

patient self-reporting may be unreliable or impossible, such as in the immediate 

postoperative period when patients are still emerging from anesthesia, or in patients with 

communication difficulties. 

Clinical Application: Clinicians could incorporate PI monitoring into their postoperative 

assessment protocols, using it as an additional indicator of pain intensity alongside traditional pain 

scales. 
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2. Early Detection of Significant Pain: The high discriminative ability of PI for moderate and 

severe pain, as demonstrated by our ROC curve analysis, suggests its potential as a 

screening tool for significant postoperative pain. 

Clinical Application: Setting up PI thresholds (e.g., PI < 2.3 for NRS ≥ 4) in postoperative 

monitoring systems could alert healthcare providers to patients potentially experiencing significant 

pain, allowing for timely intervention. 

3. Personalized Pain Management: Our subgroup analyses and clustering results revealing 

different PI-NRS profiles among patient subgroups highlight the need for personalized 

approaches to pain management. 

Clinical Application: Clinicians could consider factors such as age, gender, and BMI when 

interpreting PI values and tailoring pain management strategies. For instance, they might set 

different PI thresholds for different patient subgroups based on our findings. 

4. Continuous Pain Monitoring: The time-dependent correlation between PI and NRS scores 

underscores the dynamic nature of postoperative pain and the potential value of continuous 

monitoring. 

Clinical Application: Implementing continuous PI monitoring in the postoperative period could 

provide real-time insights into pain trends, allowing for more responsive pain management. 

5. Multimodal Pain Assessment: Our multivariate analysis and network analysis results 

emphasize the complex, multifactorial nature of postoperative pain. 

Clinical Application: Clinicians should consider PI as part of a comprehensive pain assessment 

strategy that includes multiple indicators and patient factors, rather than relying on any single 

measure alone. 
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6. Risk Stratification: The predictive model developed in our study could be used to identify 

patients at higher risk of experiencing significant postoperative pain. 

Clinical Application: Implementing such predictive models in clinical decision support systems 

could help healthcare providers identify high-risk patients early, allowing for more proactive pain 

management strategies. 

7. Optimizing Analgesic Administration: The observed changes in PI following analgesic 

administration suggest that PI could be used to assess the effectiveness of pain management 

interventions. 

Clinical Application: Monitoring PI changes after analgesic administration could help clinicians 

evaluate the efficacy of their pain management strategies and make timely adjustments as needed. 

8. Improving Patient Communication: PI monitoring could provide an objective basis for 

discussing pain management with patients, potentially improving patient understanding 

and satisfaction. 

Clinical Application: Clinicians could use PI trends to explain pain patterns and management 

strategies to patients, potentially enhancing patient engagement in their care. 

9. Procedure-Specific Considerations: Our focus on laparoscopic cholecystectomy provides 

valuable procedure-specific data that can inform pain management protocols for this 

common surgery. 

Clinical Application: Hospitals could develop PI-informed pain management protocols specific to 

laparoscopic cholecystectomy, potentially improving standardization of care. 

10. Enhanced Recovery After Surgery (ERAS) Protocols: The insights gained from our study 

could be incorporated into ERAS protocols for laparoscopic cholecystectomy. 
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Clinical Application: PI monitoring could be integrated into ERAS pathways, potentially 

contributing to earlier mobilization and discharge by optimizing pain management. 

11. Training and Education: The complex relationship between PI and pain underscores the 

need for proper training in interpreting and using PI for pain assessment. 

Clinical Application: Healthcare institutions should consider incorporating education on PI 

interpretation and its limitations into their staff training programs. 

12. Resource Allocation: The ability to objectively identify patients experiencing significant 

pain could help in more efficient allocation of healthcare resources. 

Clinical Application: Nursing staff could prioritize attention to patients with low PI values 

indicating potential significant pain, potentially improving overall pain management efficiency. 

13. Research and Quality Improvement: The methodology and findings of our study provide a 

framework for ongoing research and quality improvement initiatives in postoperative pain 

management. 

Clinical Application: Hospitals could implement PI monitoring as part of quality improvement 

projects aimed at enhancing postoperative pain management. 

14. Anesthesia Management: The relationship between PI and pain could inform anesthetic 

management strategies. 

Clinical Application: Anesthesiologists could consider intraoperative PI trends when planning 

postoperative pain management strategies. 

15. Patient-Centered Care: The objective nature of PI measurements, combined with 

traditional pain scales, could lead to more patient-centered pain management by providing 

a more comprehensive picture of the patient's pain experience. 
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Clinical Application: Clinicians could use both PI and NRS scores in their discussions with 

patients about pain management, potentially improving shared decision-making. 

While these clinical implications are promising, it's important to note that PI should be considered 

as an adjunct to, not a replacement for, traditional pain assessment methods. The complex nature 

of pain and the influence of various factors on PI measurements necessitate a thoughtful, 

comprehensive approach to pain assessment and management. 

Furthermore, the implementation of PI-based pain assessment strategies in clinical practice would 

require careful consideration of practical aspects such as staff training, integration with existing 

monitoring systems, and development of clear protocols for PI interpretation and response. 

In conclusion, the findings of our study suggest that Perfusion Index has significant potential to 

enhance postoperative pain assessment and management following laparoscopic cholecystectomy. 

By providing an objective measure that correlates strongly with patient-reported pain scores, PI 

could contribute to more comprehensive, personalized, and responsive pain management 

strategies. However, the translation of these findings into clinical practice should be done 

cautiously, with due consideration of the complex nature of pain and the need for further validation 

in diverse clinical settings. 

5.4 Limitations of the study 

While our study provides valuable insights into the use of Perfusion Index (PI) for postoperative 

pain assessment, it is important to acknowledge several limitations that should be considered when 

interpreting the results: 

1. Single-Center Design: Our study was conducted at a single tertiary care center, which may 

limit the generalizability of our findings to other healthcare settings with different patient 

populations or clinical practices. 
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Implication: Multi-center studies are needed to validate our findings across diverse healthcare 

environments. 

2. Specific Surgical Procedure: We focused exclusively on patients undergoing laparoscopic 

cholecystectomy. While this provides valuable procedure-specific data, it limits the 

applicability of our findings to other surgical procedures. 

Implication: Similar studies need to be conducted for other types of surgeries to establish the 

broader utility of PI in postoperative pain assessment. 

3. Sample Size: Although our sample size (n=95) was adequate for our primary analyses, it 

may have been insufficient for some of the subgroup analyses, potentially limiting the 

robustness of these findings. 

Implication: Larger studies are needed to confirm and expand upon our subgroup analysis results. 

4. Short-Term Follow-Up: Our study was limited to the first 24 hours postoperatively. This 

does not allow for assessment of the long-term relationship between PI and pain or its 

potential role in identifying the development of chronic postoperative pain. 

Implication: Longitudinal studies with longer follow-up periods are needed to understand the long-

term dynamics of the PI-pain relationship. 

5. Lack of Blinding: Due to the nature of PI measurement, it was not possible to blind 

healthcare providers to the PI values. This could have potentially influenced pain 

management decisions and subsequent pain scores. 

Implication: Future studies could consider designs where PI values are only revealed to a subset 

of healthcare providers to assess the impact of this knowledge on pain management. 
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6. Potential Confounding Factors: While we attempted to control for several factors that could 

influence PI measurements, there may be other unidentified or unmeasured variables that 

affect the PI-pain relationship. 

Implication: Further research is needed to identify and quantify all potential factors that may 

influence PI measurements in the postoperative setting. 

7. Subjective Nature of NRS: Despite being a widely used and validated tool, the Numeric 

Rating Scale remains a subjective measure of pain. The correlation between PI and NRS 

may be influenced by individual differences in pain perception and reporting. 

Implication: Future studies could incorporate multiple pain assessment tools or objective measures 

of pain-related behaviors to provide a more comprehensive assessment. 

8. Limited Exploration of Physiological Mechanisms: Our study focused on the clinical 

relationship between PI and pain scores without deeply exploring the underlying 

physiological mechanisms. 

Implication: Further research, possibly including laboratory studies, is needed to elucidate the 

precise physiological pathways linking pain and peripheral perfusion. 

9. Potential for Selection Bias: Despite our best efforts to enroll consecutive patients, there 

may have been some selection bias in our study population. 

Implication: Future studies should employ rigorous randomization techniques to minimize 

potential selection bias. 

10. Limited Assessment of Analgesic Consumption: While we recorded analgesic use, our 

analysis did not extensively explore the relationship between PI, pain scores, and patterns 

of analgesic consumption. 
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Implication: More detailed analysis of analgesic use patterns in relation to PI and pain scores could 

provide additional insights into pain management strategies. 

11. Lack of Control Group: Our study design did not include a control group not undergoing 

surgery, which limits our ability to distinguish between changes in PI due to pain and those 

due to the general effects of surgery and anesthesia. 

Implication: Future studies could include control groups to better isolate the specific effects of 

pain on PI. 

12. Technical Limitations: The accuracy of PI measurements can be affected by factors such 

as movement artifacts or poor peripheral perfusion due to causes other than pain (e.g., 

hypothermia). 

Implication: Development of more robust PI measurement techniques and clearer guidelines for 

measurement conditions are needed. 

13. Limited Generalizability to Special Populations: Our study excluded certain patient 

populations (e.g., elderly patients over 65, those with significant comorbidities) who 

frequently undergo laparoscopic cholecystectomy. 

Implication: Further research is needed to assess the validity of PI for pain assessment in these 

special populations. 

14. Potential for Type I Error in Multiple Analyses: The multiple statistical tests performed in 

our study increase the risk of Type I errors (false positives). 

Implication: Our findings, particularly those from exploratory analyses, should be considered 

hypothesis-generating and require confirmation in future studies. 

15. Limited Economic Analysis: Our study did not include a cost-effectiveness analysis of 

implementing PI monitoring for postoperative pain assessment. 
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Implication: Future research should assess the economic implications of incorporating PI into 

routine postoperative monitoring. 

These limitations highlight the need for cautious interpretation of our findings and underscore the 

importance of further research to address these issues. Despite these limitations, our study provides 

valuable insights into the potential utility of Perfusion Index as an objective tool for postoperative 

pain assessment and lays the groundwork for future investigations in this important area of clinical 

research. 

5.5 Suggestions for future research 

Based on the findings and limitations of our study, several avenues for future research emerge. 

These suggestions aim to address the current limitations, expand our understanding of Perfusion 

Index (PI) as a pain assessment tool, and explore its broader applications in clinical practice: 

1. Multi-Center, Large-Scale Studies: Conduct large-scale, multi-center studies to validate 

the relationship between PI and postoperative pain across diverse healthcare settings and 

patient populations. This would enhance the generalizability of findings and provide more 

robust evidence for clinical application. 

2. Diverse Surgical Procedures: Expand the investigation of PI for pain assessment to a wide 

range of surgical procedures beyond laparoscopic cholecystectomy. This could include 

both minimally invasive and open surgeries, as well as procedures associated with different 

pain profiles. 

3. Longitudinal Studies: Design studies with longer follow-up periods (e.g., weeks to months) 

to assess the long-term relationship between PI and pain. This could provide insights into 

the potential role of PI in identifying patients at risk of developing chronic postoperative 

pain. 
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4. Mechanism Studies: Conduct detailed physiological studies to elucidate the underlying 

mechanisms linking pain, sympathetic activation, and changes in peripheral perfusion as 

measured by PI. This could involve simultaneous measurements of various physiological 

parameters alongside PI. 

5. Comparative Studies: Compare PI with other objective pain assessment tools (e.g., 

pupillometry, skin conductance) to determine its relative efficacy and potential 

complementary role in comprehensive pain assessment strategies. 

6. Interventional Studies: Design randomized controlled trials to assess the impact of PI-

guided pain management on clinical outcomes, including pain control, opioid 

consumption, length of hospital stay, and patient satisfaction. 

7. Special Populations: Investigate the utility of PI for pain assessment in special populations, 

such as elderly patients, pediatric patients, critically ill patients, and those with cognitive 

impairments or communication difficulties. 

8. Integration with Other Technologies: Explore the integration of PI monitoring with other 

technologies, such as electronic health records and clinical decision support systems, to 

enhance its practical application in clinical settings. 

9. Machine Learning and Artificial Intelligence: Develop and validate more sophisticated 

machine learning models for pain prediction based on PI and other relevant variables. This 

could involve the use of deep learning techniques and the incorporation of time-series data. 

10. Standardization Studies: Conduct studies aimed at establishing standardized protocols for 

PI measurement and interpretation, including optimal measurement conditions, frequency 

of measurements, and clinically significant thresholds for different patient populations and 

surgical procedures. 



129 

11. Pharmacological Studies: Investigate the effects of various analgesics and anesthetics on 

PI measurements to better understand how these medications might influence the PI-pain 

relationship. 

12. Combination with Subjective Measures: Explore the potential synergistic value of 

combining PI with traditional subjective pain scales, possibly developing composite pain 

assessment scores that incorporate both objective and subjective elements. 

13. Economic Analyses: Conduct cost-effectiveness studies to assess the economic impact of 

implementing PI monitoring for postoperative pain assessment and management. 

14. Qualitative Research: Perform qualitative studies to explore healthcare providers' and 

patients' perceptions and experiences with PI-based pain assessment, which could inform 

strategies for clinical implementation and patient education. 

15. Non-Surgical Pain Applications: Investigate the potential utility of PI for pain assessment 

in non-surgical contexts, such as chronic pain conditions, labor pain, or procedural pain in 

outpatient settings. 

16. Personalized Medicine Approaches: Develop and validate algorithms for personalized 

interpretation of PI values based on individual patient characteristics, potentially 

incorporating genetic or biomarker data. 

17. Technology Development: Collaborate with biomedical engineers to develop more 

advanced and reliable PI measurement technologies, potentially integrating PI 

measurement into wearable devices for continuous monitoring. 

18. Pediatric-Specific Research: Conduct dedicated studies in pediatric populations to assess 

the validity and feasibility of PI-based pain assessment in children of different ages. 
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19. Cultural and Ethnic Considerations: Investigate potential cultural or ethnic variations in the 

PI-pain relationship, which could be important for global applications of this technology. 

20. Physiological Variability Studies: Explore the normal physiological variability of PI in 

healthy individuals and how this might impact its interpretation in clinical settings. 

21. Anesthesia Depth Studies: Investigate the relationship between PI, pain, and depth of 

anesthesia to potentially use PI as a tool for optimizing anesthetic management. 

22. Stress and Anxiety: Explore the impact of psychological factors such as anxiety and stress 

on PI measurements and their relationship to pain perception. 

23. Chronic Pain Transition: Investigate whether early postoperative PI patterns can predict 

the likelihood of transition to chronic postoperative pain. 

24. Patient-Reported Outcomes: Incorporate a wider range of patient-reported outcomes (e.g., 

functional status, quality of life) in studies of PI-based pain assessment to better understand 

its clinical relevance. 

25. Meta-Analysis: As more studies are conducted, perform comprehensive meta-analyses to 

synthesize evidence across multiple studies and surgical contexts. 

These suggestions for future research aim to address current knowledge gaps, validate and extend 

our findings, and explore the full potential of Perfusion Index as a tool for pain assessment and 

management. By pursuing these research directions, we can work towards developing more 

objective, personalized, and effective approaches to pain management, ultimately improving 

patient care and outcomes. 

5.6 Conclusion 

This study provides compelling evidence for the potential utility of Perfusion Index (PI) as an 

objective tool for acute postoperative pain assessment in patients undergoing laparoscopic 
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cholecystectomy. Through a comprehensive analysis of the relationship between PI and Numeric 

Rating Scale (NRS) pain scores, we have uncovered several key findings that contribute 

significantly to the field of postoperative pain management. 

First and foremost, the strong negative correlation observed between PI and NRS scores (r = -0.64, 

p < 0.001) supports the hypothesis that peripheral perfusion, as measured by PI, is inversely related 

to pain intensity. This relationship was particularly pronounced in the immediate postoperative 

period, suggesting that PI could be especially valuable for pain assessment when patients are still 

emerging from anesthesia and may have difficulty communicating their pain levels effectively. 

The time-dependent nature of the PI-NRS correlation, with the strongest relationship observed in 

the first two hours post-surgery, highlights the dynamic interplay between pain and physiological 

responses in the postoperative period. This finding underscores the potential value of continuous 

PI monitoring for tracking pain trends and guiding timely interventions. 

Our subgroup analyses revealed variations in the PI-NRS relationship across different patient 

characteristics, including age, gender, and BMI. These insights contribute to a more nuanced 

understanding of how individual factors may influence the interpretation of PI values in clinical 

settings. The persistence of a significant correlation even after adjusting for these factors (adjusted 

r = -0.59, p < 0.001) reinforces the robustness of PI as a pain indicator across diverse patient 

populations. 

The high discriminative ability of PI for detecting moderate and severe pain, as demonstrated by 

our ROC curve analysis (AUC = 0.82 for NRS ≥ 4, AUC = 0.88 for NRS ≥ 7), suggests its potential 

as a screening tool for significant postoperative pain. This could be particularly valuable in busy 

clinical settings, allowing for rapid identification of patients who may require more intensive pain 

management. 
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Our exploration of advanced analytical techniques, including machine learning and network 

analysis, has provided novel insights into the complex, multifaceted nature of the relationship 

between PI, pain, and other clinical variables. These findings pave the way for more sophisticated, 

personalized approaches to pain assessment and management. 

However, it is crucial to acknowledge the limitations of our study, including its single-center 

design, focus on a specific surgical procedure, and relatively short follow-up period. These 

limitations highlight the need for further research to validate and extend our findings across diverse 

clinical settings and patient populations. 

The clinical implications of our findings are significant. PI could serve as a valuable adjunct to 

traditional pain assessment methods, providing an objective measure to complement patient-

reported pain scores. Its potential for continuous monitoring could enable more responsive pain 

management strategies, potentially improving patient outcomes and satisfaction. The development 

of predictive models incorporating PI could aid in early identification of patients at risk of 

experiencing significant postoperative pain, allowing for more proactive interventions. 

Looking ahead, numerous avenues for future research emerge from our study. These include multi-

center validation studies, investigations into the physiological mechanisms underlying the PI-pain 

relationship, exploration of PI's utility in diverse surgical procedures and patient populations, and 

the development of more advanced, AI-driven pain prediction models. 

In conclusion, while further research is needed to fully elucidate the role of Perfusion Index in 

postoperative pain assessment and management, our study provides strong evidence for its 

potential as an objective, non-invasive tool for monitoring pain in the postoperative setting. As we 

continue to seek more precise, personalized approaches to pain management, PI represents a 

promising avenue for improving the care and outcomes of surgical patients. 
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The journey towards optimal postoperative pain management is ongoing, and the integration of 

objective measures like Perfusion Index with traditional assessment methods holds great promise 

for enhancing our ability to understand, assess, and manage pain effectively. As we move forward, 

it is crucial that we continue to rigorously investigate and thoughtfully implement these novel 

approaches, always keeping the goal of improved patient care at the forefront of our efforts. 
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