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ABSTRACT

Background: Vasoconstriction and a drop in the perfusion index (PI) are brought on by an unpleasant
stimulus. The visual analog scale (VAS) is a subjective instrument for measuring pain. To employ PI as an
objective measure for postoperative pain assessment, our study will correlate PI with VAS.

Materials and Methods: A study including 72 patients (18-50 years old) undergoing laparoscopic
cholecystectomy was carried out prospectively through observation. The first timepoint (T1) in the
postoperative phase, during which heart rate (HR), mean arterial blood pressure (MAP), peripheral oxygen
saturation (SPO2), VAS, and PI were collected, was regarded as the initial request for analgesia. 1 mcg/kg
of inj. fentanyl was utilized as a rescue analgesic. After thirty minutes of rescue analgesia, all previously
listed parameters were recorded at the second timepoint (T2). The second request for rescue analgesia was
taken as the third timepoint (T3) and thirty minutes later as the fourth timepoint (T4) and all the above-said
parameters were recorded.

Results: PI increased after rescue analgesia from T1 (8.29+2.50) & T3 (8.63+2.49) to T2 (9.42+2.41) &
T4 (9.38+2.54) respectively. This increase in PI between the time points were statistically significant with
p-value <0.05. With respect to other parameters, PI shows a significant negative correlation between HR,
MAP, SPO2 and VAS score at T2 and T4 with p-value <0.05. However, there was no significant correlation
between SBP and PI at any time point.

Conclusion: Perfusion Index values can be utilized as a reference when choosing the right analgesic to
treat postoperative pain as well as an objective instrument for assessing postoperative pain.
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1. Introduction

Pain is a complex subjective experience that poses
challenges in quantification. The visual analogue scale

The International Association for the Study of Pain (ISAP)
defines pain as ° An unpleasant sensory and emotional
experience associated with actual or potential tissue
damage’.! In most cases, pain stems from a multifactorial
physical origin. The subject perceives it through peripheral
and central feedback mechanisms.? As pain represents the
most unpleasant sensation, it should be the primary focus of
management during treatment. It triggers the sympathetic
nervous system, leading to the release of stress hormones
that result in increased oxygen uptake.3
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stands as the predominant tool for pain evaluation.* The
primary goal of pain assessment revolves around grading
the severity of pain, which, in turn, aids in mitigating post-
operative complications and in selecting suitable analgesics
for the intensive care unit and post-operative ward.> PI and
VAS score has been used as an objective and subjective
measurement for the assessment of pain and analgesia. The
perfusion index values range from 0.02% to 20% which
indicates higher the PI better is the tissue perfusion. ®’

The perfusion index can be used to measure peripheral
perfusion when under general anesthesia. The index denotes
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the proportion of pulsatile to non-pulsatile blood flow inside
peripheral vascular tissue, and it is ascertained through
the measurement of infrared light absorption using a pulse
oximeter.

The perfusion index functions as an indirect, non-
invasive, and continuous parameter for evaluating peripheral
perfusion.® Sensations of pain during surgical procedures
fluctuate over time due to their direct impact on the
sympathetic nervous system. Consequently, alterations in
the sympathetic nervous system influence smooth muscle
tone and the perfusion index/peripheral perfusion. '

In laproscopic surgeries, various factors affect the PI such
as patient’s position, pneumoperitoneum and hemodynamic
instability. Pneumoperitonium is created and patient is
placed in reverse trendelenberg position during laparoscopic
surgery. All these factors decrease the PI and this decrease
in PI may cause tissue damage and other side effects
due to a decrease in perfusion to the tissue organs.!!
Therefore, monitoring of PI during laparoscopic surgery is
vital. '? Given the known association between laparoscopic
surgeries and significant post-operative pain, it is crucial to
address the potential consequences such as hemodynamic
and respiratory changes as well as delayed return to normal
activity 13. The study help to facilitate the administration of
appropriate analgesia for patients, thereby reducing post-
operative complications and enhancing the well-being of
patients in post-operative care units and ICUs. This study’s
main goals were to determine the relationship between
the visual analogue score (VAS) and the pulse oximetry
perfusion index (PI) and to evaluate the tool’s suitability for
use as an objective means of measuring post-operative pain.

2. Materials and Methods

This prospective observational study was carried out
at a government hospital following Enrolment in the
Clinical Trial Registry of India under registration number
(CTRI/2023/05/052476).

2.1. Inclusion criteria

The study included seventy-two patients aged 18
to 50 years, belonging to ASA (American Society
of  Anaesthesiology) I/II, scheduled for elective
cholecystectomy under general anesthesia, and who
were deemed conscious and able to cooperate during the
immediate postoperative period.

2.2. Exclusion criteria

In this study patients with unstable hemodynamic
parameters, a history of neurological, psychiatric, or
chronic pain disorders, and pre-existing cardiovascular,
pulmonary, or metabolic diseases were excluded.

2.3. Procedure

Three sections of a semi-structured questionnaire were
used to collect data. Names, ages, sexes, and other
sociodemographic details were gathered in the first section.
The peripheral oxygen saturation (SPO2), mean arterial
pressure, systolic and diastolic blood pressure, and baseline
pulse rate were all recorded in the second section.
Postoperative data such as pulse rate (HR), systolic and
diastolic blood pressure, mean arterial pressure (MAP),
spO2, PI, and visual analogue score (VAS) were recorded
in the third section.

The visual analog scale (VAS) is a subjective instrument
that depends on the patient’s self-expression of pain level.
Patients rate their level of pain on a range from 0 to
10. One hand was used to measure blood pressure while
the other held the oximeter probe on its middle fingertip.
If the SpO2 was less than 90%, an oxygen mask was
put on. Every patient was watched until they asked to
be given rescue medication. Pre-medication was given to
each of the 72 study participants to guarantee their safety
and comfort. This involved injecting intravenously with
Inj. Glycopyrrolate (0.01 mg kg-1), Inj. Midazolam (0.01
mg kg-1), and Inj. Fentanyl (2 mg kg-1). Subsequently,
intravenous induction was carried out using Inj. Propofol
2 mg kg-1 and Inj. Vecuronium 0.1 to produce muscular
relaxation.

Immediately following induction, we meticulously
observed their heart rate, blood pressure, mean arterial
pressure, oxygen saturation, and perfusion index.

Clinical confirmation of endotracheal intubation was
obtained, as well as by analyzing the capnographic
waveform. End-tidal carbon dioxide (EtCO2) was
maintained between 35 and 40 mmHg by adjusting
the ventilatory rate while the patients were ventilated with
a tidal volume of 6-8 mg kg-1. O2:N20 40:60, isoflurane
1-1.5 vol%, and injectable vecuronium (0.01 mg kg-1)
were used to maintain anesthesia. We made sure the
patients’ hemodynamic stability maintained steady during
the entire surgical process. Following surgery, patients
received cautious attention and were given injections of
glycopyrrolate (0.01 mg kg-1) and neostigmine (0.05 mg
kg-1) to aid in their recovery.

During the postoperative period, heart rate (HR), mean
arterial blood pressure (MAP), peripheral oxygen saturation
(SPO2), visual analog scale (VAS), and perfusion index
(PI) were measured. The first timepoint (T1) was the
initial request for pain treatment. The rescue analgesia
was achieved by injection of 1 mcg/kg of fentanyl. The
second timepoint (T2) was the half-hour following the
rescue analgesia, during which all of the previously listed
parameters were again measured.

The request for rescue analgesia that followed was
labeled as the third timepoint (T3). The next timepoint
(T4) was the 30-minute period that followed, during
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which time each of the previously mentioned parameters
was recorded. The principal objective was to establish a
correlation between the visual analog scale (VAS) and
the pulse oximetry perfusion index (PI). Evaluating the
pulse oximetry perfusion index as an objective means of
assessing post-operative discomfort and its association with
alterations in hemodynamic parameters was the secondary
goal.

2.4. Statistical analysis

Statistical analysis of the data was performed using
SPSS23.0 (IBM SPSS Statistics for Windows, Version 23.0.
Armonk, NY: IBM Corp). Descriptive statistics of HR, SBP,
MAP, SPO2, VAS and PI were expressed using mean and
SD. Categorical variables were expressed using frequency
and percentage. The correlation of HR, SBP, MAP, SPO2,
and VAS with PI was analysed using Karl —Pearson’s
coefficient of correlation. A p-value <0.05 was considered
statistically significant.

3. Results

A total of 72 patients (18-50 years) undergoing laparoscopic
cholecystectomy were evaluated in this study. The mean age
of the participants was 38.2+ 2.3 years. And majority of
the patients were females (45) than males (27). Perfusion
Index increased after rescue analgesia from T1 (8.29+2.50)
& T3 (8.63+2.49) to T2 (9.42+2.41) & T4 (9.38+2.54)
respectively. This increase in PI between the time points was
statistically significant with p p-value <0.05.

As shown in Figure 1, after fentanyl administration, the
Heart rate decreased from 103.78+/- 11.64 at T1 to 92+/-
13.18 at T2. Mean arterial pressure readings decreased from
102.29+/-11.56mmHg at T1 to 96.61+/-9.91mmHg at T2
(Figure 2).

Systolic blood pressure readings decreased from
136.47+/-16.63 mmHg at T1 to 131.31+/-12.51 mmHg at
T2 Perfusion Index shows a significant negative correlation
between HR, MAP at T2 and T4 with p-value <0.05.

There was no significant correlation between Systolic
blood pressure and perfusion index at any time point. Again,
the Perfusion Index shows a significant negative correlation
between SPO2 and VAS score at T2 and T4 with p-value
<0.05 (Figures 3 and 4).

4. Discussion

In the present study, we observed that after the
administration of fentanyl, HR readings decreased from
103.78+/- 11.64 at T1 to 92+/-13.18 at T2. SBP and MAP
readings decreased from (136.474/-16.63) mmHg and
(102.29+/-11.56) mmHg at T1 to (131.31+/-12.51) mmHg
and (96.61+/-9.91) mmHg at T2 respectively.

Our study was similar to a study conducted by Dhanger
S et al, in which, PI was significantly higher at T2 than

12 120

2

10 ~ /- — T 100

80

T 6 60 £
el
4 40 ——HR
2 20
0 0
Before At the timeCompletion ~ T1 T LE] T4

induction of of
induction induction

Figure 1: Changes in HR with respect to PI at various time points
(PI Perfusion Index; HR- Heart Rate measured per minute)
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Figure 2: Changes in MAP with respect to PI at various time points
(PIperfusion index and MAP- mean arterial pressure)
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Figure 3: Changes in SPO2 with respect to PI at various
time points (PI- perfusion index and SPO2- peripheral oxygen
saturation at room Air)
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Figure 4: Changes in VAS with respect to PI at various time points
(PI- perfusion index and VAS- visual analogue score)
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at T1 (mean increase % = 92.2 + 80.9%). The rise in
PI was inversely proportional to VAS, HR and MAP with
statistically significant p values. Hence, they concluded that
PI can be added to other indicators of pain assessment in the
post-operative care unit. 14

As per study done by Sanjeev et al, the PI was
significantly higher at T2 than at T1 (mean increase % =
94.3 + 82.7%). PI was found to be inversely proportional
to HR, VAS and MAP. The mean decrease % was
70.5+£19.88%, 11.1£7.2% and 3.96 = 5.01% in VAS, HR
and MAP respectively. !> This indicates PI increases with
adequate pain relief as indicated by a decrease in VAS,
HR and MAP. A decrease in VAS was associated with
an increase in PI but the correlation was not statistically
significant as the degree of the increase in PI in relation
to the decrease in VAS was variable among patients and
depends upon the subjective feeling of pain in patients. Our
study showed a significant decrease in HR, MAP and VAS
with an increase in PI with P < 0.05 after administration of
intravenous fentanyl.

Next study done by Surekha et al, showed that PI values
after fentanyl increased from 5.33 + 2.67 (P1) t0 5.99 + 2.8
(P2) (P < 0.001) and to 6.3 + 2.88 (P3) (P < 0.001).'® This
increase correlated with a decrease in HR (P <0.001). They
concluded that PI can be a tool to monitor the nociception
in anaesthetised patients during administration of analgesia.
Similarly, our study also showed an increase in PI from 8.29
+ 2.50 (T1) to 9.42 + 2.49 (T2) after giving intravenous
Fentanyl with (P < 0.05) henceforth giving the conclusion
that PI can be used as an objective tool to assess pain.

This study’s use of multiple exclusion criteria limits the
usefulness of utilizing ASA grade I or II cases with non-
fluid shift surgeries because it introduces a confounding
variable. The study’s small sample size is another drawback.
An increased sample size could yield additional proof to
bolster the initial findings presented here.

5. Conclusion

Perfusion Index values can be used as an objective tool
for assessment of Post-operative pain and also to guide the
selection of appropriate analgesics to relieve postoperative
pain.

6. Ethical approval

This study was done after taking approval from the
institutional ethical committee (MIMS/IEC/2023/697).
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