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Perfusion index is a non-invasive pulse oximetry-derived marker of peripheral perfusion and may reflect nociceptive response
during general anaesthesia. This observational study included 40 patients undergoing laparoscopic surgery, where perfusion index
was recorded during port insertion and after fentanyl administration. Perfusion index decreased from 5.09 + 1.00 before induction to
2.71 £0.59 at port insertion and then increased from 3.78 + 0.60 at P1 to 5.23 + 0.58 at P3 after fentanyl. Thus, perfusion index showed
clear response to painful stimulus and analgesic supplementation so it may be used as a simple objective adjunct for intraoperative

analgesia assessment.
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Background:
Laparoscopic surgery is commonly preferred because it gives
smaller incision, less tissue handling and faster recovery [1].
Pneumoperitoneum, port insertion and airway manipulation can
produce autonomic and hemodynamic response during
anaesthesia [2]. Pain cannot be reported by the patient during
general anaesthesia, so nociception is assessed by indirect
clinical signs [3]. Heart rate, blood pressure, sweating and
movement are useful but they are not fully objective markers of
nociception [4]. These signs may be affected by anaesthetic
depth, vasoactive drugs, volume status and autonomic tone [5].
Nociception monitors such as ANI, SPI, NOL and pupillometry
have been studied for intraoperative analgesia guidance [6].
Many objective nociception monitors need separate equipment
and may not be available in routine operation theatres [7].
Perfusion index is a non-invasive pulse oximetry-derived value
that reflects peripheral perfusion [8]. Painful surgical stimulus
increases sympathetic activity and may reduce perfusion index
through peripheral vasoconstriction [9, 10]. Therefore, it is of
interest to evaluate the perfusion index as an objective tool for
assessing analgesia and to determine its correlation with heart
rate and mean arterial pressure in patients undergoing
laparoscopic surgery under general anesthesia.

Materials and Methods:

This prospective observational study was conducted in the
Department of Anaesthesiology, MGM Medical College, Indore,
over 12 months after ethics committee approval. Written
informed consent was taken from all patients. Forty patients
aged 18-60 years, of either sex, ASA grade I and II, posted for
elective laparoscopic surgery under general anaesthesia were
included. Patients refusing consent, allergic to anaesthetic drugs,
or having autonomic dysfunction, peripheral vascular disease,
diabetes mellitus, substance abuse, chronic pain disorder,
neurological illness or psychiatric illness were excluded. After
pre-anaesthetic evaluation and 8 hours fasting, patients were
shifted to operation theatre. ECG, NIBP, pulse oximeter and
capnography were attached and baseline readings were
recorded. Premedication was given with glycopyrrolate 0.004
mg/kg and midazolam 0.05 mg/kg intravenously. After
preoxygenation, anaesthesia was induced with fentanyl 2 pg/kg
and propofol 1.5-2.5 mg/kg. Intubation was facilitated with
succinylcholine 1.5 mg/kg. Anaesthesia was maintained with
oxygen, nitrous oxide and isoflurane and muscle relaxation was
maintained with atracurium. Perfusion index, heart rate, systolic
blood pressure, diastolic blood pressure, mean arterial pressure
and EtCO: were recorded at pre-induction, post-induction, post-
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intubation, pneumoperitoneum, first port insertion, second port
insertion and third port insertion. After first port insertion,
fentanyl 0.5 pg/kg was given intravenously. After third port
insertion, PI, heart rate, NIBP and MAP were recorded every 5
minutes for 30 minutes. At the end of surgery, neuromuscular
blockade was reversed and patients were extubated after
adequate recovery. Data were entered in Microsoft Excel and
analysed using SPSS version 25.0. Quantitative data were
expressed as mean * SD and median with interquartile range,
while categorical data were expressed as number and
percentage. Shapiro-Wilk test was used for normality, paired t-
test for follow-up comparison and Pearson correlation for
correlation of perfusion index with vital parameters. A p value
<0.05 was taken as statistically significant.

Results:

The present study included 40 patients undergoing laparoscopic
surgery under general anaesthesia, with balanced sex
distribution and mainly ASA grade I-II patients (Table 1).
Perfusion index showed a clear fall from pre-induction value of
5.09 £ 1.00 to 2.71 + 0.59 at port insertion and then improved
gradually after fentanyl administration (Table 2). Pulse rate
increased during port insertion and declined from P1 to P3,
while mean arterial pressure remained largely stable across the
study time points (Table 3). On paired comparison, perfusion
index and pulse rate showed significant changes from P1 to P3,
but SBP, DBP and MAP did not show significant changes (Table
4). Correlation analysis showed strong negative correlation of
perfusion index with pulse rate, while its correlation with SBP,
DBP and MAP was weak and non-significant (Table 5).

Table 1: Study population characteristics

Variable Category / measure  Value

Age group  18-20 years 5 (12.50%)
21-30 years 10 (25.00%)
31-40 years 10 (25.00%)
41-50 years 8 (20.00%)
51-60 years 7 (17.50%)

Age Mean + SD 37.35 + 14 years
Median (IQR) 36.5 (24.25-48.5) years
Range 18-60 years

Sex Male 20 (50.00%)
Female 20 (50.00%)

Weight Mean + SD 59.38 £9.48 kg
Median (IQR) 60 (52.75-64) kg
Range 40-90 kg

ASA grade I 14 (35.00%)
1I 26 (65.00%)

Table 2: Perfusion index at study time points
Time point Mean+SD  Median (IQR)

Range
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Pre-induction 5.09 +£1.00 5.00 (4.50-5.80) 3.5-7.2 Time point Pulse rate, mean * SD  MAP, mean * SD

Post-induction ~ 4.51+0.78 4.50 (4.00-5.02) 2.9-6.5 Pre-induction 93.10 + 6.43 92.52 £ 6.20

Post-intubation ~ 3.88 + 0.66 3.80 (3.47-4.20) 2.8-5.9 Post-induction ~ 94.22 +5.55 92.00 +5.92

PIO 2.71+0.59 2.85(2.30-3.12) 1.2-4.1 Post-intubation ~ 98.58 +5.01 91.15+9.43

PI1 3.78 £0.55 3.80 (3.40-4.12) 2.4-49 PO 101.45 +4.47 90.15 +12.31

PI2 4.59 +0.57 4.60 (4.20-5.00) 3.4-5.8 P1 98.72 +4.47 91.28 +12.20

PI3 5.23+0.58 515 (4.80-5.72) 4.2-6.3 P2 91.75 + 4.40 92.05 +10.24

At 5 minutes 5.68 +0.52 5.70 (5.20-6.10)  4.8-6.5 123) 84.68 + 3.82 92.35 +9.62

At 10 minutes 5.92+049 6.10 (5.60-6.20)  4.9-6.8 At 5 minutes 79.60 + 3.34 90.35 +10.43

At 15 minutes 5.68 +0.52 5.65 (5.35-6.10)  4.5-6.8 At 10 minutes 76.68 + 3.51 88.28 +9.30

At 20 minutes 5.35+0.34 5.35 (5.10-5.60)  4.7-5.9 At 15 minutes 80.35 * 6.53 90.15 + 6.84

At 25 minutes 5.53 +0.36 5.55 (5.30-5.80)  4.8-6.1 At 20 minutes 87.05£3.95 87.40 +8.35

At 30 minutes 5.73 £ 0.36 5.75 (5.50-6.00)  5.0-6.3 At 25 minutes 84.72+£3.91 92.08 £7.32
At 30 minutes 82.48 +4.34 93.70 £ 7.31

Table 3: Pulse rate and mean arterial pressure at study time points
Table 4: Comparison of perfusion index and hemodynamic parameters

Variable Plmean+SD P2mean+SD P3meantSD PlvsP2 PlvsP3 P2vsP3

Perfusion index 3.78 £0.60 4.59 +0.57 5.23 +0.58 <0.0001 <0.0001 <0.0001

Pulse rate 98.72 + 4.47 91.75 +4.37 84.68 + 3.82 <0.0001 <0.0001 <0.0001

Systolic BP 118.00+16.99  120.38+13.20 121.35+13.66  0.244 0.190 0.403

Diastolic BP 78.45 +11.74 78.18 £10.32 78.55 + 8.55 0.842 0.954 0.722

Mean arterial pressure ~ 91.28 +12.20 92.05 +10.24 92.35 £ 9.62 0.592 0.549 0.755

Table 5: Correlation of perfusion index with vital parameters

Time point Pulse rate r (p value) SBPr (p value) DBPr (p value)

MAP r (p value)

Pre-induction _ -0.858 (<0.0001) 0.030 (0.852) -0.084 (0.608) -0.046 (0.778)
Post-induction  -0.857 (<0.0001) 0.143 (0.380) 0.044 (0.787) 0.054 (0.739)
Post-intubation  -0.801 (<0.0001) 0.202 (0.212) 0.164 (0.313) -0.004 (0.980)
PO -0.600 (<0.0001) 0.008 (0.963) -0.260 (0.106) -0.164 (0.312)
Pl -0.748 (<0.0001) 0.018 (0.915) -0.202 (0.210) -0.128 (0.432)
P2 -0.734 (<0.0001) 0.047 (0.774) -0.097 (0.551) -0.049 (0.766)
P3 -0.765 (<0.0001) 0.128 (0.432) -0.001 (0.997) 0.061 (0.710)
At 5 minutes -0.488 (0.001) 0.121 (0.458) -0.004 (0.978) 0.048 (0.769)
At10 minutes  -0.447 (0.004) -0.011 (0.946) -0.012 (0.941) -0.017 (0.916)
At15minutes  -0.189 (0.243) -0.112 (0.490) -0.005 (0.975) -0.049 (0.764)
At20 minutes  -0.988 (<0.0001) -0.076 (0.639) 0.008 (0.962) -0.009 (0.958)
At 25 minutes  -0.996 (<0.0001) -0.231 (0.151) -0.120 (0.460) -0.138 (0.397)
At 30 minutes  -0.996 (<0.0001) -0.252 (0.117) -0.218 (0.177) -0.268 (0.094)
Discussion: response. Blood pressure did not correlate significantly with PI

This pattern supports that perfusion index responds early to
painful surgical stimulus. Port insertion causes sympathetic
activation and peripheral vasoconstriction. As PI reflects
peripheral pulsatile blood flow, this vasoconstriction can reduce
PI even when blood pressure remains apparently stable [11]. In
the present study the lowest PI was seen at port insertion. This
supports the idea that PI may detect nociceptive response
through vascular tone change. Hasanin et al. also reported that
PI may help in pain assessment among critically ill patients
where subjective reporting is difficult [12]. The rise in PI after
fentanyl is also clinically meaningful. It suggests reduction in
sympathetic tone after analgesic supplementation. Chu et al.
observed that PI increased after analgesic administration in
PACU patients, though the relation with pain score was weak
[13]. Similar direction was seen in labour analgesia also. Kupeli
and Kulhan reported that PI increased when pain decreased
after epidural analgesia. This supports the biological link
between analgesia, reduced sympathetic tone and better
peripheral perfusion [14]. The significant inverse correlation
between PI and pulse rate in our study is important. When pulse
rate increased, PI reduced. This means both variables were
reflecting sympathetic response, but from different sides: heart
rate from chronotropic response and PI from peripheral vascular

in the present study. This is expected because blood pressure is
influenced by cardiac output, systemic vascular resistance,
anaesthetic depth, fluid status and drugs. So PI may change
before SBP, DBP or MAP show a measurable shift. Gulen et al.
also supported PI as an objective marker of pain relief in renal
colic patients after analgesic treatment. Their study was not
intraoperative, but it supports the same physiological direction
that PI changes with pain relief [15]. Post-operative studies also
support this observation but with caution. Bihani et al. found PI
useful for post-operative pain assessment after upper limb
surgeries under supraclavicular block [16]. However, Kwon ef al.
reported that intraoperative PI change did not strongly predict
acute post-operative pain after laparoscopic colorectal surgery
[17]. Ramegowda et al. also found significant rise in PI after
rescue fentanyl in laparoscopic cholecystectomy patients and
reported inverse correlation with HR, MAP and VAS [18]. So PI
should be considered as an adjunct marker, not a complete
replacement for clinical judgement. The clinical value of PI in
this study is its simplicity. It is non-invasive, continuous and
available from routine pulse oximetry. In routine anaesthesia
practice, especially where advanced nociception monitors are
not available, PI can provide an additional objective signal
during painful stimulus and analgesic response. Still, the
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findings should be interpreted carefully. The sample size was
small and it was a single-centre study. PI can be affected by
temperature, probe position, vasopressor use, hypovolemia,
vascular tone and depth of anaesthesia. Post-operative pain
score and opioid requirement were not correlated in this study.
Overall, the study shows that perfusion index falls during
laparoscopic port insertion and improves after fentanyl. Its
strong inverse relation with pulse rate and weak relation with
blood pressure suggest that PI reflects peripheral sympathetic
response better than routine pressure parameters. Therefore, PI
can be used as a simple supportive tool for assessing
intraoperative analgesic adequacy during laparoscopic surgery
under general anaesthesia.

Conclusion:

Perfusion index showed a marked fall during laparoscopic port
insertion and it increased significantly after fentanyl
administration. Pulse rate declined after fentanyl, while systolic
blood pressure, diastolic blood pressure and mean arterial
pressure remained relatively stable. Thus, perfusion index may
be used as a simple non-invasive supportive tool for assessing
analgesic adequacy during laparoscopic surgery under general
anaesthesia.

References:
[1] Jin D et al. Ann Transl Med. 2021 9:1177. [PMID: 34430618]
[2] Hum B et al. Front Surg. 2023 10:1234246. [PMID: 37638120]

©Biomedical Informatics (2026)

[3] Oh SK et al. Korean | Anesthesiol. 2024 77:31. [PMID:
36926752]

[4] Snoek MAJ et al. Br ] Anaesth. 2025 134:180. [PMID:
39609176]

[5] Surekha C et al. Indian | Anaesth. 2022 66:260. [PMID:
35663221]

[6] Desai SD et al. Perioper Care Oper Room Manag. 2025
41:100577. [DOI: 10.1016 /j.pcorm.2025.100577]

[71 Badam B et al. Anaesth Pain Intensive Care. 2025 29:541.
[DOI: 10.35975/ apic.v29i6.2925]

[8] XuXetal. ] Clin Anesth. 2025 103:111800. [PMID: 40023043]

[9]1 LiH etal. BMC Anesthesiol. 2025 25:78. [PMID: 39962378]

[10] Ma D et al. Front Med (Lausanne). 2022 9:963185. [PMID:
36091708]

[11] Coutrot M et al. Anaesth Crit Care Pain Med. 2021 40:100964.
[PMID: 34687923]

[12] Hasanin A et al. | Clin Monit Comput. 2017 31:961. [PMID:
27665572]

[13] Chu CL et al. PLoS One. 2018 13:0197630. [PMID:
29768487]

[14] Kupeli I & Kulhan NG. Pak | Med Sci. 2018 34:1262. [PMID:
30344588]

[15] Gulen M et al. Heliyon. 2022 8:e10606. [PMID: 36148281]

[16] Bihani P et al. Cureus. 2024 16:e55529. [PMID: 38576659]

[17] Kwon JH et al. | Clin Med. 2019 8:1299. [PMID: 31450578]

[18] Ramegowda DS et al. Panacea | Med Sci. 2025 15:25. [DOI:
10.18231/pjms.v.15.1.1.25-29]

Caveat Emptor is applicable among the literate community where
required and possible. The publisher, its journal, editors and the
internal/external reviewers take adequate steps to check, evaluate, correct,
edit, revise and improve content where possible and required.

4302



