
www.neuroquanotology.com eISSN: 1303-5150 

Neuroquantology | March 2025 | Volume 23 | Issue 03 | Page 64-74| Doi: 10.48047/nq.2025.23.3.NQ25009 
Dr Amithab S R, Perfusion Index As A Tool For Acute Postoperative Pain Assessment; In Correlation With Visual Analogue Score For Pain 
Assessment 
 

64 

 
 

Perfusion Index As A Tool For Acute Postoperative Pain Assessment; In 
Correlation With Visual Analogue Score For Pain Assessment 

 

1 Dr Amithab S R ( M D Anesthesiology)  , Department of Anaesthesiology, GMC, Surat, Gujarat 
India. 

2 Dr. Harsha Patel ,Additional Professor ,Department of  Anesthesiology, Government Medical 
College Surat,  Gujarat 

3 Dr Athira Venugopal (MD Anaesthesiology) , Department of Anesthesiology, GMC, Surat, 
Gujarat,India 

Corresponding author: Dr Amithab S R 

Abstract 

Background: Pain is an inevitable part of postoperative period. Visual Analogue Scale (VAS) is a 

common for self-reported pain assessment tool, while Perfusion index (PI) is a non-invasive, objective 

pain assessment tool. This study was conducted to assess the PI as a tool for acute postoperative 

pain assessment by correlating it with Visual Analogue Scale score for pain assessment.  

Materials and Methods: This prospective study was done for a period of one year. Study included 60 

patients, aged 18-60 years, scheduled for laparoscopic cholecystectomy under general anesthesia. 

Data, including PI, VAS score, pulse rate (PR), systolic blood pressure (SBP), diastolic BP (DBP), and 

respiratory rate (RR), were collected at specific time points: before premedication (baseline), upon 

arrival at PACU, at the first request for analgesia (T1), 15 minutes after providing analgesics (T1+15), 30 

minutes after providing analgesics (T1+30), when VAS was <3 (T2), and before discharge from PACU. 

Data thus collected was subjected to statistical analysis. 

Results: Mean age of study patients was 37.4±10.9 years, with majority being female. There was a 

positive trend in PI and a corresponding negative trend in VAS scores over time following analgesia 

administration. Specifically, the PI increased gradually, indicating improved peripheral perfusion, 

while the VAS scores decreased, reflecting a reduction in pain levels, thus indicating a significant 

inverse relationship between Perfusion Index and VAS scores during the postoperative period. 

Conclusions: Monitoring PI in postoperative period is a promising tool for postoperative pain 

management and it appears to be an excellent objective pain assessment tool. 
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Introduction 

Pain is a subjective experience that can adversely affect psychological and physiological health. 

Unmanaged postoperative pain may lead to serious complications in the respiratory (e.g., atelectasis, 

pneumonia), cardiovascular (e.g., hypertension, arrhythmias), and endocrine systems (e.g., increased 

catecholamine release), as well as promote thromboembolism and prolong hospital stays.[1] Effective 

pain management post-surgery is therefore essential. Key goals include assessing pain severity, 
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selecting appropriate analgesics, and evaluating treatment responses. However, as pain is subjective, 

emotional and psychological factors can complicate its assessment. Common tools for self-reported 

pain assessment include the Visual Analogue Scale (VAS) and Numeric Rating Scale (NRS),[2,3] both of 

which outperform a four-point verbal categorical rating scale.[4] Nonetheless, their validity varies due 

to differences in psychometric stability, and some patients, like those with mental impairments or 

unconsciousness, may struggle to communicate pain, necessitating objective pain assessment tools. 

Various studies have explored these tools, with the most commonly used being the Faces Pain Scale-

Revised, Physiological indicators, Behavioral Pain Scale (BPS), Critical Care Pain Observation Tool, 

electrophysiological measures like electromyography (EMG), Functional MRI, Surgical Stress Index, 

and Analgesic Nociception Index (ANI).  

The perfusion index (PI) is a non-invasive, continuous measure of peripheral perfusion, 

derived from pulse oximetry by expressing the pulsatile signal as a percentage of the non-pulsatile 

signal (AC/DC x100). It ranges from 0.02% (very weak pulse) to 20% (very strong pulse). Changes in 

sympathetic tone can affect smooth muscle and perfusion levels.[5] Most anesthetics induce 

vasodilation, while pain causes vasoconstriction. The activation of the sympathetic nervous system 

during pain increases vasomotor tone, thereby reducing the perfusion index. Adequate analgesia can 

alleviate sympathetic stimulation, resulting in increased perfusion index.[6,7] Thus, change in 

perfusion index can be used as an objective method for assessment of pain and evaluation of 

analgesia following supplementation of analgesic drug. Few studies have been done to evaluate 

perfusion index as an objective tool for postoperative pain assessment. This study was conducted to 

assess the Perfusion Index as a tool for acute postoperative pain assessment by correlating it with 

Visual Analogue Scale score for pain assessment. 

Materials and Methods 

This prospective observational study was carried out at tertiary care center from July 2023 – June 

2024, after obtaining approval from the institutional ethical committee with approval number 

GMCS/STU/ETHICS-2/Approval/9681/23. Also, this study was registered in the Clinical Trials Registry 

India, with registration number CTRI/2023/06/053483. Study included 60 patients, aged 18-60 years, 

with ASA grade I, II or III, scheduled for laparoscopic cholecystectomy under general anesthesia. 

Patients with chronic pain disorder, peripheral vascular disease, those taking psychotropic drug, 

Pregnant patients, and cases in which intraoperatively laparoscopic procedure w a s converted to 

open cholecystectomy were excluded from the study. Written informed consent was obtained from 

each patient prior to their enrolment in the study.  

Methodology 

A thorough pre-anesthesia evaluation was performed the day before surgery, during which patients 

were instructed on using the Visual Analog Scale (VAS) to express their pain levels. On the day of 

surgery, baseline vital signs—including pulse, systolic and diastolic blood pressure, mean arterial 

pressure, oxygen saturation, perfusion index, and respiratory rate—were recorded in the pre-operative 

room. Patients received premedication with Inj Glycopyrrolate (0.004 mg/kg IV) and Inj Midazolam 

(0.02 mg/kg IV), followed by anesthesia induction using Inj Fentanyl (2 mcg/kg IV) and Inj Propofol (2-

2.5 mg/kg IV) after pre-oxygenation with 100% O2 for 3 minutes. Propofol infusion at 4 mg/kg/hour 

was initiated, and a supraglottic airway device was inserted, with neuromuscular blockade achieved 

using Inj Vecuronium (0.12 mg/kg IV). Anesthesia was maintained with O2, N2O, and a continuous 
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Propofol infusion at 4-8 mg/kg/hour, adjusting the respiratory rate to maintain end-tidal carbon dioxide 

within 35-45 mmHg. At the end of the surgery, all patients were extubated and transferred to the Post 

Anesthesia Care Unit (PACU) upon achieving an Aldrete score >9. In the PACU, patients were monitored 

with electrocardiogram, pulse oximetry, and automatic non-invasive blood pressure (NIBP), and 

perfusion index (PI) values were measured using a Masimo pulse co-oximeter, with the probe attached 

to the middle fingertip of the hand opposite to the blood pressure monitoring site. Patients were 

observed until they requested analgesia (VAS ≥3), at which point Inj Paracetamol (1 g IV) was 

administered. Following analgesic provision, VAS scores and PI were assessed every 15 minutes until 

the VAS score dropped below 3. If a patient’s VAS remained >3 after 30 minutes, rescue analgesia with 

Inj Tramadol (1.5 mg/kg) was given. Data, including PI, VAS score, pulse rate (PR), systolic blood 

pressure (SBP), diastolic BP (DBP), and respiratory rate (RR), were collected at specific time points: 

before premedication (baseline), upon arrival at PACU, at the first request for analgesia (T1), 15 minutes 

after providing analgesics (T1+15), 30 minutes after providing analgesics (T1+30), when VAS was <3 

(T2), and before discharge from PACU. Data thus collected was entered in Microsoft excel sheet and 

subjected to statistical analysis. 

Statistical analysis 

The statistical analysis was done using the computer program SPSS (Statistical Package for the Social 

Science; SPSS Inc., Chicago, Illinois, USA). Comparison of the various point values was done using 

paired t-test. Relationship between VAS and PI before and after analgesic administration was 

analyzed using Pearson correlation analysis. The difference was considered to be statistically 

significant when p-value was <0.05, and highly significant when p-value was ≤0.001. 

Results  

In this study, mean age of the study patients was 37.4±10.9 years, with majority of patients 

being in the age group of 31-40 years. Out of 60 patients, 49 were female and 11 were male, 

with a male to female ratio of around 1:4. Most of the patients had normal BMI, and were 

ASA Grade II. (Table 1) 

Table 1: Characteristics of Study Patients 

 

Parameters Frequency (n) Percentage (%) 

Age (in years) 18-30  19 31.66 

31-40 21 35.00 

41-50  13 21.66 

>50  07 11.68 

Total 60 100 

Gender  Male 11 18.33 

Female 49 81.67 

BMI Underweight (<18.5) 03 05.00 

Normal (18.5-24.9) 44 73.33 
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Overweight (28-29.9) 12 20.00 

Obese (>30.00) 1 01.67 

ASA Grade Grade I 00 00.00 

Grade II 41 68.33 

Grade III 19 31.67 

 

The mean baseline pulse rate (PR) of study population was 81.80+9.51 bpm, mean systolic blood 

pressure (SBP) was 116±8.34 mmHg, mean diastolic BP (DBP) was 74.40±6.16 mmHg, mean mean 

arterial pressure (MAP) of study population was 88.28±7.07 mmHg, and mean respirator rate (RR) was 

15.40±1.50 / min. (Figure 1-5) We noted statistically significant fall in pulse rate, SBP, DBP, and MAP at 

all the time points as compared to T1. However, RR remained within normal range (12-20 per min) in 

all the patients throughout the study period.  

 

 

 

 

Figure 1: Mean pulse rate at Different time intervals 
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Figure 2: Mean Systolic Blood Pressure at Different time intervals 

 

 

Figure 3: Mean Diastolic Blood Pressure at Different time intervals 
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Figure 4: Mean Arterial Pressure at Different time intervals 

 

 

 

Figure 5: Mean Respiratory Rate at Different time intervals 
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The changes in perfusion index (PI) during study duration are presented in Table 2. The mean perfusion 

index (PI) at baseline was 2.95±1.28, which reduced to 1.51±0.495 immediately on arriving in PACU (p 

<0.001). The mean PI remained significantly below the baseline values at all time intervals (p<0.001). 

(Table 2) 

Table 2: Trend in Perfusion Index (PI) during study period 

 

 Mean p-value (Compared to 

Baseline) 

p-value (Compared 

to T1) 

Before premedication (Baseline) 2.95±1.28   

On arriving PACU 1.51±0.495 <0.001  

When VAS ≥3 (T1) 1.09±0.359 <0.001  

T1+15 minutes 1.82±1.40 <0.001 <0.001 

T1+30 minutes 2.17±1.33 <0.001 <0.001 

When VAS <3 (T2) 2.26±1.29 <0.001 <0.001 

Before discharge from PACU 2.33±1.28 <0.001 <0.001 

 

Before pre-medication (baseline), VAS was 0. Immediately on arriving in PACU, the mean VAS score 

in study patients was 1.83±1.08. At T1, when VAS was ≥3 and patient asked for analgesia, mean VAS 

was 4.23±0.62, which was highest during study period. The mean VAS decreased significantly after 

administration of analgesic at all time intervals as compared to VAS at T1 (p<0.001). (Table 3) There 

was a statistically significant fall in VAS score at all time as compared to T1. 

Table 3: Trends in VAS Score during study period 

 Mean±s.d.  p-value (Compared to 

Baseline) 

 p-value (Compared 

to T1) 

Before 

premedication (Baseline) 

00.00   

On arriving PACU 1.83±1.08 <0.001  

When VAS ≥3 (T1) 4.23±0.62 <0.001  

T1+15 minutes 3.15±0.88 <0.001 <0.001 

T1+30 minutes 2.00±0.84 <0.001 <0.001 

When VAS <3 (T2) 1.57±0.50 <0.001 <0.001 

Before discharge 

from PACU 

1.37±0.48 <0.001 <0.001 

 

Table 4 shows a positive trend in PI and a corresponding negative trend in VAS scores over time 
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following analgesic administration. PI increased gradually, indicating improved peripheral perfusion, 

while the VAS scores decreased, reflecting a reduction in pain levels.  

Table 4: Difference in PI and VAS from Time to First dose with Analgesia 

Time point PI VAS 

T1 1.09 4.23 

Difference from T1 

T1+15 minutes 0.73 -1.08 

T1+30 minutes 1.08 -2.23 

T2 1.17 -2.26 

Before discharge from PACU 1.24 -2.87 

 

A significant negative correlation was found between changes in PI and changes in VAS scores at each 

time point. The strongest negative correlation was observed before shifting to the ward (r = -0.71, 

p<0.0001), suggesting that as VAS score decreases, PI increases indicating improved peripheral 

perfusion with decrease in VAS Score. The correlations and p-values are summarized Table 5.  

 

 

Table 5: Correlation between difference in VAS score and PI 

 Diff in VAS 

T1 to T1+15 

Diff in VAS T1 

to T1+30 

Diff in VAS T1 

to T2 

Diff in VAS T1 

to before 

shifting to 

ward 

p-value 

Diff in PI T1 

to T1+15 

-0.548 - - - <0.0001 

Diff in PI T1 

to T1+30 

- -0.316 - - 0.0138 

Diff in PI T1 

to T2 

- - -0.36 - 0.0069 

Diff in PI T1 to 

before shifting    

to ward 

- - - -0.71 <0.0001 
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Discussion 

Pain is an inevitable part of the postoperative period. It is a subjective symptom that can affect 

outcome negatively in surgical patients during postoperative period.[1] In the past years, there have 

been many subjective pain assessment tools for assessing pain in patients, among which the self-

report pain scale like VAS and NRS are the most commonly used. These tools however are not reliable 

in conditions like when patients cannot communicate properly or sedated patients in ICUs. Use of 

vital signs has been shown to be neither valid nor reliable for pain assessment since hemodynamic 

changes are affected by numerous other etiologies.[8] Thus, the necessity of some objective pain 

assessment tools has aroused. PI is one such tool, which is a non-invasive measure of peripheral 

perfusion that is obtained from a pulse oximeter by passing infrared rays. It is the ratio of the pulsatile 

blood flow to the non-pulsatile blood. It was an American engineer named Joekiani, who founded a 

non-invasive patient monitoring technology, Masimo SET (Signal Extraction Technology) for the first 

time. In contrast to the conventional pulse oximeter which measures oxygen saturation from ratio 

between transmitted red and infrared light, Masimo Signal Extraction Technology (SET) infrared 

signal depends upon the amount of blood at the monitoring site, not upon blood oxygenation. Thus, 

we designed this study to assess PI as a tool for acute postoperative pain assessment in correlation 

with visual analogue score for pain assessment.  

In our study, majority of patients belonged to 31-40 years age group (35%), with mean age 

of the study population being 37.4±10.9 years. (Table 1) Majority of the patients were females with 

a female to male ration of 4:1. This might be because all of the patients underwent surgery for 

Cholelithiasis which is commonly seen in female population over 40 years of age. Usually, 

cholelithiasis is common in obese females, but in our study majority of patients had BMI within 

normal range of 18.5-24.9 Kg/m2 (73.33 %), and only one patient was obese. In a similar study by 

Mohammed SA et al[9], mean of study patients posted for lumbar spine discectomy was 36.68±10.33 

years, with female dominance (52.85%). These findings are consistent with previous studies.[10-13]  

Hemodynamic changes in response to pain underscore the intricate relationship between 

pain perception and cardiovascular function. The mean baseline value of PR was 81.8±9.51 bpm, SBP 

was 116±8.34 mmHg, DBP was 74.40±6.16 mmHg, MAP was 88.28±7.07 mmHg, and RR was 

15.40±1.50 /min. There was statistically significant rise in all the hemodynamic parameters (PR, SBP, 

DBP, MAP) from baseline at immediately arriving on PACU and reached the peak value when patient 

was in pain at T1 (VAS ≥3) (p<0.001). After administering analgesia at T1, there was a gradual 

decrease in these parameters over time. All the hemodynamic parameters reached their lowest 

observed value at T2 when all patients had satisfactory analgesia (VAS <3) (p<0.05) and before 

shifting the patient to ward (p<0.001). We have observed a significant decrease in PR, SBP, DBP, and 

MAP before administration of analgesia when patient was in pain (VAS ≥3) and after administering 

analgesia as well as when patient had satisfactory analgesia (VAS <3). Thus, the trend of decrease in 

hemodynamic parameters shows the onset of analgesic effect. Similar observations were made in 

previous studies. [9-16]  

We used Masimo pulse oximeter for measuring perfusion index in our study because 

Masimo's Signal Extraction Technology (SET) enhances the accuracy of readings in challenging 

conditions, such as low perfusion or motion, providing reliable perfusion index measurements. 

Masimo devices have been validated against various standards and clinical scenarios, consistently 

showing high accuracy in measuring both oxygen saturation and perfusion index. The intuitive design 

and clear display of Masimo monitors make it easy for healthcare providers to obtain and interpret 
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perfusion index readings quickly. The mean baseline perfusion index value before premedication of 

our study population was 2.95±1.28. (Table 2) There was statistically significant decrease in mean 

perfusion index from baseline on immediately arriving at PACU (1.51±0.495) (p<0.001) and 

reached the lowest value of 1.09±0.359 when patient was in pain at T1 (VAS ≥3) (p<0.001). After 

administering analgesia at T1, there was a gradual increase in mean perfusion index over time. The 

mean perfusion index reached the highest observed value at T2 (2.26±1.29) when all patients had 

satisfactory analgesia (VAS <3) (p<0.001) and before shifting the patient to ward (2.33±1.28) 

(p<0.001). Thus, trend of increase in perfusion index shows the onset of analgesic effect. There was 

a statistically significant difference in mean perfusion index when patient was in pain and after 

analgesia administration over time period (p<0.001). In a similar study, Tapar H et al[10], observed a 

significant increase in PI value from a pre-analgesic value of 2.80±0.77 to a post-analgesic value of 

3.97±0.94 (p<0.001). Similarly, significant increase in PI value after giving analgesia has been observed 

n previous studies, as compared to pre-analgesia value.[9,11-17]  

The mean VAS Score on arriving PACU was found to be 1.83±1.08. (Table 3) The mean VAS 

Score reached the peak value when patient was in pain at T1 (VAS ≥3) (P <0.001). After administering 

analgesia at T1, there was a gradual decrease in mean VAS Score over time. The mean VAS Score 

reached the lowest observed value at T2 when all patients had satisfactory analgesia (VAS <3) (P 

<0.001) and before shifting the patient to ward (P<0.001). Thus, trend of decrease in VAS score shows 

the onset of analgesic effect. There was a statistically significant difference in mean VAS Score when 

patient was in pain and after analgesia administration (P<0.001). In a similar study, Kumar S et al[12], 

observed that mean VAS Score of the patients when they first request for analgesia was 

6.75±1.34, which reduced to 1.86±1.24 thirty minutes after administering analgesia (p<0.001). These 

findings are in accordance with previous literature.[9-11,13] Smaller sample size is one of the 

limitations of this study. Furthermore, it was a single center study, without any control group.  

Conclusion 

The findings of this study showed that when VAS score decreases, PI increases indicating improved 

peripheral perfusion with decrease in VAS Score. There was a significant inverse relationship between 

PI and VAS scores during the postoperative period, advocating the use of PI as an early, objective 

indicator for pain assessment. PI in armamentarium of anesthesiologist gives confidence to the 

doctor and quality to the patient. From preliminary observation of this study, we concluded that 

monitoring PI in postoperative period is a promising tool for postoperative pain management and it 

appears to be excellent objective pain assessment tool, particularly in patients who cannot 

communicate properly or in sedated patients in ICUs. 
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