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Abstract

Background: Hypotension following spinal anesthesia for lower segment caesarean
section (LSCS) is a common complication that may adversely affect maternal and fetal
outcomes. Early identification of patients at risk can facilitate timely preventive measures.
The perfusion index (PI), derived from pulse oximetry, reflects peripheral vascular tone
and may serve as a non-invasive predictor of post-spinal hypotension. Methods: This
prospective observational study was conducted among 100 parturients undergoing
elective LSCS under subarachnoid block. Baseline perfusion index was measured prior to
spinal anesthesia using a pulse oximeter probe. Participants were categorized into two
groups based on baseline PI: Low PI (<3.5) and High PI (>3.5). Hemodynamic parameters
were monitored intraoperatively. Hypotension was defined as a decrease in systolic blood
pressure to less than 80% of baseline or <90 mmHg. The incidence, severity, and timing
of hypotension, along with vasopressor requirement, were recorded and analyzed.
Results: The overall incidence of post-spinal hypotension was 40%. Hypotension
Received: February 12,2026 |occurred significantly more frequently in the high PI group compared with the low PI
Revised: March 11, 2026 group (60% vs 20%, p < 0.001). The onset of hypotension was earlier in patients with PI
Accepted: March 31, 2026 >3.5 (3.85 * 1.46 minutes) compared with those with PI <3.5 (8.28 + 2.72 minutes).
Published: April 14, 2026 Patients in the high PI group also experienced a greater percentage fall in systolic blood
pressure and required higher doses of vasopressors. Logistic regression analysis
identified baseline PI as the only independent predictor of hypotension. Discussion: The
findings suggest that baseline perfusion index reflects underlying vascular tone and
autonomic balance, influencing the haemodynamic response to spinal anesthesia. Higher
PI values are associated with increased risk and severity of hypotension, supporting its
role as a useful screening parameter in obstetric anesthesia. Conclusion: Baseline
perfusion index is a simple, non-invasive, and clinically useful predictor of hypotension
following subarachnoid block in parturients undergoing LSCS. Incorporating PI into
routine pre-anesthetic assessment may facilitate early risk stratification and proactive
haemodynamic management.
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INTRODUCTION

Subarachnoid block (SAB), commonly known as spinal
anesthesia, is the most widely preferred anesthetic
technique for lower segment caesarean section (LSCS)
due to its rapid onset, reliable sensory and motor
blockade, simplicity, and minimal fetal drug exposure
compared to general anesthesia. Despite these
advantages, maternal hypotension remains one of the
most common and clinically significant complications
associated with SAB, posing risks to both the mother and
the fetus [1].

The primary mechanism of hypotension following spinal
anesthesia is sympathetic blockade. The administration
of local anesthetic into the subarachnoid space results in

inhibition of preganglionic sympathetic fibers, leading to
vasodilation, decreased systemic vascular resistance, and
venous pooling. This ultimately reduces venous return
and cardiac output, causing a decline in arterial blood
pressure. The clinical importance of this hypotension lies
in its impact on uteroplacental perfusion, as reduced
maternal blood pressure can compromise fetal
oxygenation and lead to fetal hypoxia and acidosis.
Therefore, early identification and prevention of
hypotension are critical in obstetric anesthesia practice

[2].

Physiological changes during pregnancy further increase
the susceptibility of parturients to hemodynamic
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instability. The gravid uterus compresses the inferior
vena cava and aorta in the supine position, resulting in
aortocaval compression and decreased venous return.
Additionally, pregnancy is associated with increased
blood volume, reduced systemic vascular resistance, and
elevated cardiac output due to hormonal influences.
Although these changes are adaptive, they make the
maternal cardiovascular system more sensitive to
sympathetic blockade, thereby increasing the likelihood
of hypotension following spinal anesthesia [2,3].

Given the high incidence and potential complications of
spinal anesthesia-induced hypotension, identifying
reliable predictors is essential. Traditional predictors
such as age, body mass index, and baseline blood
pressure have shown limited predictive value due to
significant interindividual variability. Hence, there is a
need for objective, noninvasive, and easily measurable
parameters that can accurately predict hypotension in
clinical practice.

The perfusion index (PI) has emerged as a promising
noninvasive parameter for this purpose. It is derived
from pulse oximetry and represents the ratio of pulsatile
to non-pulsatile blood flow in peripheral tissues. The PI
reflects peripheral perfusion and is influenced by
vascular tone, local temperature, and sympathetic
nervous system activity. A higher PI indicates
vasodilation and lower sympathetic tone, whereas a
lower PI suggests vasoconstriction and higher
sympathetic activity [4].

The association between baseline PI and post-spinal
hypotension is based on autonomic physiology. Patients
with higher baseline PI are likely to have reduced
sympathetic tone and increased peripheral vasodilation.
When spinal anesthesia induces further sympathetic
blockade, these patients may experience a greater
reduction in systemic vascular resistance and blood
pressure. Conversely, individuals with lower baseline PI
may have higher sympathetic tone, providing some
degree of protection against severe hypotension. Thus,
baseline PI can serve as a simple and noninvasive
predictor of hemodynamic response following spinal
anesthesia [5,6].

Various methods have been investigated to predict
hypotension after spinal anesthesia, including heart rate
variability, stroke volume variation, and pleth variability
index. Although these methods offer valuable insights,
they often require advanced monitoring equipment and
are not feasible in all clinical settings. In contrast, the
perfusion index is easily obtainable using standard pulse
oximeters, does not require invasive procedures, and
provides continuous real-time monitoring, making it
highly suitable for routine clinical use, particularly in
resource-limited settings [7,8].

From a physiological perspective, spinal anesthesia leads
to redistribution of blood from the central circulation to
the peripheral vascular compartments due to
vasodilation. This results in decreased preload and
afterload, leading to reduced cardiac output and arterial
pressure. The severity of these changes depends on the
extent of sympathetic blockade and the patient’s baseline
autonomic status. Since PI reflects peripheral vascular
tone and sympathetic activity, it offers valuable insight
into the patient’s hemodynamic reserve and potential
response to spinal anesthesia [10].

Several studies have demonstrated a significant
association between higher baseline PI values and the
occurrence of hypotension following spinal anesthesia in
cesarean sections. Although the exact cutoff values vary
across studies, the consistent finding is that patients with
higher PI are more prone to significant decreases in
blood pressure after SAB. This supports the role of PI as
a useful screening tool in obstetric anesthesia [11].

In addition to its predictive value, the perfusion index can
be monitored continuously during the perioperative
period. Changes in PI can reflect alterations in vascular
tone and response to interventions such as fluid therapy
and vasopressor administration. Furthermore, PI may
also be influenced by factors such as pain, anxiety, and
temperature, providing additional information about the
patient’s physiological status [12].

Given its simplicity, noninvasive nature, and clinical
applicability, the perfusion index holds significant
potential as a predictor of hypotension in obstetric
anesthesia. Early identification of high-risk patients can
facilitate timely preventive measures, thereby improving
maternal and fetal outcomes.

The present study was undertaken to evaluate the role of
baseline perfusion index as a predictor of hypotension
following subarachnoid block in patients undergoing
lower segment caesarean section.

AIM & OBJECTIVES

To evaluate the role of baseline perfusion index (PI) as a
predictor of hypotension following subarachnoid block
in patients undergoing lower segment caesarean section
(LSCS).

Objectives:

. To assess the baseline perfusion index (PI) in
the upper limb of parturients undergoing LSCS.

. To determine the incidence of hypotension
following subarachnoid block.

. To evaluate the association between baseline
perfusion index and the occurrence of hypotension after
spinal anesthesia.

MATERIALS AND METHODS
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This prospective observational study was conducted in
the Department of Obstetrics and Gynaecology at S.C.B.
Medical College and Hospital, Cuttack, Odisha, over a
period of 18 months from February 2024 to June 2025.
The study aimed to evaluate the relationship between
baseline perfusion index (PI) and the incidence of
hypotension following subarachnoid block in patients
undergoing lower segment caesarean section (LSCS).

A total of 100 parturients scheduled for elective LSCS
under spinal anesthesia were included using a
convenience sampling method. Participants were
selected based on predefined inclusion and exclusion
criteria. Inclusion criteria comprised ASA physical status
II, singleton full-term pregnancy (=37 weeks), and
willingness to participate. Patients with
contraindications to spinal anesthesia, pre-existing
hypertension, cardiovascular or systemic disorders,
obesity (BMI >40 kg/m?), emergency LSCS, or
conditions likely to cause hemodynamic instability were
excluded.

After obtaining informed consent, standard monitoring
including non-invasive blood pressure, ECG, and pulse
oximetry was established. Baseline parameters such as
heart rate, systolic and diastolic blood pressure, mean
arterial pressure, oxygen saturation, and perfusion index
were recorded with the patient in the supine position with
left uterine displacement. The perfusion index was
measured using a pulse oximeter probe attached to the
left index finger.

RESULTS

Participants were divided into two groups based on
baseline PI values: Group 1 (PI <3.5) and Group 2 (PI
>3.5), with 50 patients in each group. Subarachnoid
block was administered under aseptic precautions at the
L3-L4 or L4-L5 interspace using a standard dose of
hyperbaric bupivacaine. Hemodynamic parameters and
PI were recorded at baseline, immediately after spinal
anesthesia, at 1, 3, and 5 minutes, and then at 5-minute
intervals until the end of surgery.

Hypotension was defined as a fall in systolic blood
pressure to less than 80% of baseline or below 90 mmHg.
The primary outcome was the incidence of hypotension,
while secondary outcomes included severity, time of
onset, number of episodes, vasopressor requirement,
bradycardia, and associated symptoms such as nausea
and vomiting.

Data were recorded in a structured proforma and
analyzed wusing appropriate statistical —methods.
Categorical variables were expressed as percentages and
compared using Chi-square or Fisher’s exact test, while
continuous variables were expressed as mean + standard
deviation and analyzed using t-test or Mann—Whitney U
test. A p-value <0.05 was considered statistically
significant.

Ethical approval was obtained from the Institutional
Ethics Committee, and confidentiality of participants
was maintained throughout the study.

A total of 100 parturients undergoing elective LSCS under spinal anesthesia were included in the study. The analysis
focuses on baseline characteristics, perfusion index distribution, and its association with post-spinal hypotension.

Table 1: Distribution of Patients According to Age Group (n = 100)

Age group (years) n %
20-24 20 20.0
25-29 40 40.0
30-32 25 25.0
33-35 15 15.0
Total 100 100.0

The majority of participants belonged to the 25-29 years age group (40%), followed by 30-32 years (25%). This reflects

a typical obstetric population in the reproductive age group.

Table 2: Distribution According to BMI Category (n = 100)

BMI category (kg/m?) n %
<25 26 26.0
25-29.9 42 42.0
30-34.9 24 24.0

>35 8 8.0
Total 100 100.0

A large proportion (66%) of patients were overweight or obese, which may influence haemodynamic responses during

spinal anesthesia.
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Table 3: Baseline Perfusion Index and Group Distribution (n = 100)

Parameter Low PI (3.5) (n=50) High PI (>3.5) (n=50) Total
Mean PI 2.72+0.42 4.58 +£0.76 3.65+1.12
Range 2.00-3.50 3.60—6.20 2.00-6.20
Group n %
Low PI (3.5) 50 50.0
High PI (>3.5) 50 50.0
Total 100 100.0

Participants were equally distributed into low and high PI groups. The clear difference in mean PI confirms appropriate

classification.

Table 4: Comparison of Baseline Haemodynamic Parameters Between PI Groups (n = 100)

Parameter Low PI (Mean + SD) High PI (Mean = SD) p value
SBP (mmHg) 123.12 £ 11.06 124.35 £ 8.04 0.525
DBP (mmHg) 77.25+6.38 77.76 + 6.38 0.688
MAP (mmHg) 92.53+6.07 93.29 +4.68 0.487

HR (beats/min) 88.18 £9.38 91.50 +£9.62 0.084

Baseline haemodynamic parameters were comparable between groups (p > 0.05), indicating that differences in outcomes

are likely attributable to PI rather than baseline instability.

Table 5: Incidence of Post-Spinal Hypotension According to PI Group (n =100)

Hypotension Low PI n (%) High PI n (%) Total n (%)
Absent 40 (80.0) 20 (40.0) 60 (60.0)
Present 10 (20.0) 30 (60.0) 40 (40.0)

Total 50 50 100

Chi-square = 16.67, p < 0.001

Hypotension occurred significantly more frequently in the High PI group (60%) compared to the Low PI group (20%),

indicating a strong association between higher baseline PI and hypotension.

Table 6: Severity and Onset of Hypotension According to PI Group
(A) Severity of Hypotension

Severity Low PI n (%) High PI n (%) Total
None 40 (80.0) 20 (40.0) 60
Mild 4 (8.0) 14 (28.0) 18
Moderate 5(10.0) 11 (22.0) 16
Severe 1(2.0) 5(10.0) 6
p =0.001
(B) Time to Onset (minutes, hypotensive patients only)
Group Mean + SD
Low PI 8.28£2.72
High PI 3.85+1.46
p <0.001

Patients in the High PI group not only had a higher incidence of hypotension but also experienced earlier onset and greater

severity, indicating poorer haemodynamic stability.

DISCUSSION

The present study was conducted to evaluate the role of
baseline perfusion index (PI) as a predictor of
hypotension following subarachnoid block in parturients
undergoing lower segment caesarean section. The
findings demonstrate that baseline PI is significantly
associated with the incidence, severity, and timing of
post-spinal hypotension, thereby supporting its utility as

a simple and non-invasive predictive tool in obstetric
anaesthesia.

In this study, the overall incidence of post-spinal
hypotension was 40%, which is consistent with previous
reports indicating a high and variable incidence of
hypotension following spinal anaesthesia in caesarean
delivery [20]. A key finding was the significantly higher
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incidence of hypotension in the high PI group compared
to the low PI group (60% vs 20%, p < 0.001). This
threefold increase highlights the strong predictive value
of baseline PI. Similar observations have been reported
by Duggappa et al., who demonstrated a markedly higher
incidence of hypotension in patients with P1>3.5 [6], and
by Toyama et al., who identified baseline PI as a reliable
predictor with good sensitivity and specificity [11].
These findings reinforce the concept that higher baseline
PI reflects lower sympathetic tone and increased
vasodilation, predisposing patients to exaggerated
haemodynamic responses after spinal blockade.

The severity of hypotension was also significantly
greater in the high PI group, with more patients
experiencing moderate to severe hypotension compared
to the low PI group. This aligns with previous studies
indicating that PI is not only predictive of hypotension
occurrence but also of its clinical severity. Lal et al.
similarly reported a higher number of hypotensive
episodes and greater haemodynamic instability in
patients with higher PI values [21]. The present findings
further support the physiological basis that reduced
baseline vascular tone enhances the impact of
sympathetic blockade, leading to more pronounced
blood pressure reductions.

Another important observation was the significantly
earlier onset of hypotension in the high PI group (3.85 vs
8.28 minutes, p < 0.001). Early onset hypotension is
clinically relevant as it may occur before routine
monitoring intervals, necessitating proactive
management. Nandini et al. also reported that
hypotension tends to occur earlier in patients with higher
PI values, particularly within the first 10 minutes
following spinal anaesthesia [22]. This emphasizes the
importance of vigilant monitoring and early intervention
in high-risk patients identified by elevated baseline PI.

The magnitude of systolic blood pressure fall was
significantly greater in the high PI group, with a mean
reduction of approximately 36% compared to 25% in the
low PI group. This finding is consistent with Toyama et
al., who reported a positive correlation between baseline
PI and the degree of blood pressure reduction following
spinal anaesthesia [11]. The observed correlation in the
present study (r = 0.344, p = 0.030) further supports this
association, indicating that higher PI is linked to more
severe haemodynamic compromise.

Vasopressor requirement was universal among
hypotensive patients; however, the total dose required
was significantly higher in the high PI group. This
finding is clinically important as it reflects increased
haemodynamic instability and greater resource
utilization. Duggappa et al. similarly demonstrated that
higher baseline PI was associated with increased
vasopressor requirement [6]. The ability of PI to predict

not only the occurrence but also the treatment intensity
of hypotension enhances its clinical relevance.

Baseline haemodynamic parameters such as systolic
blood pressure, diastolic blood pressure, mean arterial
pressure, and heart rate were comparable between the
two groups, indicating that routine vital signs may not
adequately predict hypotension risk. This finding
supports previous studies which have shown that
conventional parameters lack predictive accuracy due to
interindividual variability [23]. In contrast, PI provides
additional physiological insight into peripheral vascular
tone, making it a more sensitive predictor.

Multivariable logistic regression analysis confirmed that
PI group was the only independent predictor of
hypotension, while BMI, baseline MAP, and gestational
age were not significant. This is in agreement with prior
studies suggesting that PI reflects functional vascular
status rather than static demographic variables [24]. The
ROC analysis in the present study demonstrated fair
predictive ability (AUC = 0.739), which is comparable
to previous studies reporting AUC values ranging from
0.80t0 0.91 [5,25]. Although variability exists in optimal
cut-off values across studies, the threshold of
approximately 3.5 used in this study remains clinically
relevant and widely supported.

Maternal adverse effects such as nausea, vomiting,
bradycardia, and shivering were more frequent in the
high PI group, although not statistically significant. This
trend is consistent with the higher incidence and severity
of hypotension observed in this group. Previous studies
have similarly linked hypotension with increased
maternal discomfort and intraoperative symptoms [20].

Neonatal outcomes, including Apgar scores and NICU
admission, were comparable between groups despite
differences in maternal haemodynamics. This suggests
that timely detection and management of hypotension
can mitigate adverse fetal outcomes. Hung et al. also
reported that early identification and management of
hypotension are crucial in maintaining favorable
neonatal outcomes [25].

Overall, the findings of this study highlight the clinical
utility of baseline perfusion index as a predictor of post-
spinal hypotension. Its non-invasive nature, ease of
measurement, and ability to provide real-time
physiological information make it a valuable addition to
routine pre-anaesthetic assessment. Incorporating PI into
clinical practice may facilitate early risk stratification,
proactive haemodynamic management, and improved
maternal safety.

CONCLUSION

The present study demonstrates that baseline perfusion
index (PI) is a reliable, non-invasive, and independent
predictor of hypotension following subarachnoid block
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in parturients undergoing lower segment caesarean
section. Despite comparable baseline characteristics and
haemodynamic parameters, significant differences were
observed in hypotension outcomes between PI groups.
Patients with a baseline PI >3.5 had a markedly higher
incidence of hypotension, approximately three times
greater than those with lower PI values. Additionally,
hypotension in the high PI group occurred earlier, was
more severe, and required higher vasopressor doses,
indicating greater haemodynamic instability.

Baseline PI remained the only independent predictor of
hypotension after adjusting for other variables such as
BMI, baseline mean arterial pressure, and gestational
age. Receiver operating characteristic analysis further
supported its predictive value, demonstrating acceptable
sensitivity and specificity. The positive correlation
between PI and the magnitude of systolic blood pressure
fall reinforces its physiological relevance.

Although maternal adverse effects were more frequent in
the high PI group, neonatal outcomes remained
comparable, suggesting effective management of
hypotension. Overall, baseline PI can serve as a practical
tool for early risk stratification and proactive
haemodynamic management in obstetric anaesthesia.
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