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Abstract

Background: Ultrasound-guided popliteal sciatic nerve block (PSNB) is an effective regional anesthetic
technique for below-knee surgeries. Optimization of local anesthetic volume while maintaining a fixed dose is
essential to enhance block efficacy and minimize complications.

Aim: To compare the efficacy and analgesic outcomes of two different volumes of a fixed dose of 2% lidocaine
for ultrasound-guided popliteal sciatic nerve block in below-knee surgeries.

Methods: This double-blinded randomized controlled study included 68 patients undergoing elective below-knee
surgery. Patients were allocated into two groups: Group A received 15 mL of 2% lidocaine with buprenorphine
(0.5 mL), while Group B received the same dose diluted with 5 mL normal saline plus buprenorphine (0.5 mL).
Primary outcomes included block onset and duration; secondary outcomes included rescue analgesic requirement
and hemodynamic stability over 24 hours.

Results: Demographic characteristics, ASA grading, and baseline hemodynamic parameters were comparable
between groups. Block duration was slightly longer in Group B (5.78 + 1.84 h) compared with Group A (4.98 +
1.49 h). Requirement of rescue analgesia was significantly higher in Group A (38.2%) than Group B (5.9%). Pain
scores at rest and movement decreased rapidly in both groups after the first postoperative hour. Hemodynamic
parameters and oxygen saturation remained stable with no adverse events.

Conclusion: Increasing the volume of fixed-dose 2% lidocaine using saline dilution improves analgesic efficacy
and reduces rescue analgesic requirement without compromising safety in ultrasound-guided popliteal sciatic
nerve blocks.
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Introduction

Peripheral nerve blocks play a pivotal role in modern
regional anesthesia by providing effective
intraoperative anesthesia and prolonged
postoperative analgesia while minimizing systemic
opioid requirements. Among lower-limb techniques,
ultrasound-guided popliteal sciatic nerve block has
gained prominence for surgeries involving the leg,
ankle, and foot due to its precision, reliability, and
favorable safety profile. Lidocaine remains widely
used owing to its rapid onset and intermediate
duration of action. However, the optimal volume of
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lidocaine for ultrasound-guided PSNB remains
debated. While higher volumes may enhance spread
and block reliability, they may also increase the risk
of local anesthetic systemic toxicity. Ultrasound
guidance permits volume optimization by enabling
accurate perineural deposition.

This study was undertaken to evaluate whether
altering the volume—while maintaining a fixed
dose—of 2%  lidocaine  improves  block
characteristics and postoperative analgesia in
patients undergoing below-knee surgery.
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Aim and Objectives

Aim: To compare the efficacy of two different
volumes of a fixed dose of 2% lidocaine in
ultrasound-guided popliteal sciatic nerve block for
patients undergoing below-knee surgeries.

Objectives

1. To evaluate and compare the onset and duration
of sensory block achieved with two different
volumes of fixed-dose 2% lidocaine in
ultrasound-guided popliteal sciatic nerve block.

2. To compare postoperative pain intensity at rest
and during movement using the Visual Analog
Scale (VAS) over a 24-hour period.

3. To determine the requirement of rescue
analgesia (tramadol) within the first 24
postoperative hours.

Materials and Methods

Study Design and Setting: A prospective, double-
blinded, randomized controlled study was conducted
at a tertiary care teaching hospital.

Sample Size: A total of 68 patients were enrolled
and randomized equally into two groups (34 per
group).

Inclusion Criteria

Age >18 years

ASA physical status I-1I1
Elective below-knee surgery
Consent for regional anesthesia

Exclusion Criteria
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Patient refusal

Infection at block site
Coagulopathy

Known allergy to study drugs
Pre-existing neuropathy

Intervention

e Group A: 15 mL of 2% lidocaine +
buprenorphine 0.5 mL

e Group B: 15 mL of 2% lidocaine + 5 mL
normal saline + buprenorphine 0.5 mL

Blocks were performed under ultrasound guidance
proximal to the sciatic nerve bifurcation.

Outcome Measures

e Block duration

e Postoperative pain scores (VAS at rest and
movement)

e Rescue analgesic (tramadol) requirement

e Hemodynamic parameters and oxygen
saturation

Statistical Analysis: Data were analyzed using
descriptive statistics and appropriate inferential
tests. A p-value <0.05 was considered statistically
significant.

Results

A total of 68 patients undergoing elective below-
knee surgeries under ultrasound-guided popliteal
sciatic nerve block were included. Patients were
randomized into two equal groups (Group A and
Group B). Results are presented below with
corresponding interpretations.

Table 1: Baseline Demographic and Clinical Characteristics

Variable Group A (n=34) Group B (n=34) p-value
Age <40 years 3 (8.8%) 3 (8.8%) 0.070
Age 41-60 years 21 (61.8%) 24 (70.6%)
Age >60 years 10 (29.4%) 7 (20.6%)
Male 13 (38.2%) 14 (41.2%) 0.486
Female 21 (61.8%) 20 (58.8%)
ASA 1 3 (8.8%) 4 (11.8%) 0.374
ASATI 29 (85.3%) 29 (85.3%)
ASA III 2 (5.9%) 1(2.9%)
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Figure 1: Baseline Demographic and Clinical Characteristics
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Interpretation: Both groups were comparable with respect to age distribution, sex, and ASA physical status. The
majority of patients belonged to the 41-60 year age group and ASA II category, ensuring homogeneity between
study groups.

Table 2: Duration of Sensory Block
Parameter Group A Group B
Block duration (hours, mean + SD) 4.98 +£1.49 5.78+1.84
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Figure 2: Duration of Sensory Block

Interpretation: Group B demonstrated a slightly longer duration of sensory block compared with Group A,
suggesting improved anesthetic spread with increased volume, although the difference was not statistically
significant.

Table 3: Requirement of Rescue Analgesia (Inj. Tramadol)

Requirement Group A Group B
Required 13 (38.2%) 2 (5.9%)
Not required 21 (61.8%) 32 (94.1%)
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Figure 3: Requirement of Rescue Analgesia (Inj. Tramadol)

Interpretation: A significantly higher proportion of patients in Group A required rescue analgesia compared with
Group B, indicating superior postoperative analgesia in the diluted-volume group.
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Table 4: Postoperative Pain Scores (VAS)

Time Group A (Mean £ SD) Group B (Mean = SD)
VAS atrest—0h 3.09 +0.83 2.88 +1.22
VAS atrest—12h 0.68 +0.47 0.32+0.47
VAS atrest—24h 0.71 £0.46 0.82+0.46
VAS on movement — 0 h 4.00+0.78 3.56+1.21
VAS on movement — 24 h 0.88 +0.59 1.35+0.49
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Figure 4: Postoperative Pain Scores (VAS)

Interpretation: Pain scores at rest and during
movement were higher immediately postoperatively
but declined markedly after the first hour in both
groups. Pain control was satisfactory in both groups,
with no clinically relevant differences during later
postoperative periods.

Discussion

Ultrasound-guided popliteal sciatic nerve block
(PSNB) has emerged as a reliable regional
anesthesia technique for below-knee surgeries,
offering effective anesthesia and prolonged
postoperative analgesia with minimal systemic
opioid requirements. The present double-blinded
randomized controlled study compared two different
volumes of a fixed dose of 2% lidocaine for
ultrasound-guided PSNB and demonstrated that
increasing the volume of local anesthetic, without
increasing the dose, improves postoperative
analgesic efficacy and reduces rescue analgesic
requirements while maintaining hemodynamic
stability and safety.

The baseline demographic characteristics and ASA
physical status were comparable between the two
groups, eliminating major confounding variables.
Similar demographic homogeneity has been
emphasized in earlier studies evaluating regional
anesthesia techniques, including the work of Nag et
al., who compared ultrasound-guided single- and
double-point injection techniques for PSNB and
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highlighted the importance of standardized patient
characteristics when assessing block efficacy. The
comparable baseline profiles in the present study
strengthen the validity of the observed differences in
analgesic outcomes.

The duration of sensory block was marginally longer
in the higher-volume group, although the difference
did not reach statistical significance. This
observation aligns with the findings of Perlas et al.,
who demonstrated that improved circumferential
spread of local anesthetic within the common
paraneural sheath resulted in faster onset and more
consistent block characteristics. Their study reported
approximately a 30% reduction in onset time and
improved proximal and distal anesthetic spread,
supporting the concept that volume and distribution,
rather than concentration alone, are critical
determinants of block success. Similarly, Techasuk
et al. reported that a defined minimal effective
volume could achieve successful PSNB in 90% of
patients, reinforcing the relevance of volume
optimization in ultrasound-guided nerve blocks.
Postoperative pain scores at rest and during
movement decreased rapidly in both groups after the
first postoperative hour, indicating effective
analgesia with both techniques. These findings are
consistent with those of Echevarria et al., who
demonstrated satisfactory postoperative analgesia
using continuous sciatic nerve blocks with lidocaine
and bupivacaine after foot and ankle surgery, with
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comparable pain scores and preserved motor
function. Although the present study employed a
single-injection technique, the overall pattern of
effective  early analgesia is comparable,
underscoring the efficacy of lidocaine-based PSNB
when appropriately administered.

A clinically significant finding of the present study
was the markedly lower requirement for rescue
analgesia in the higher-volume group. This outcome
suggests  superior block  consistency and
postoperative pain control when the local anesthetic
volume is increased. Similar reductions in rescue
analgesic consumption have been reported in studies
evaluating adjuvants in peripheral nerve blocks.
Choudary et al. demonstrated that the addition of
dexmedetomidine or clonidine to levobupivacaine in
femoro-sciatic nerve blocks significantly prolonged
analgesia and reduced opioid requirements, with
dexmedetomidine providing the greatest benefit.
Although adjuvants were not the primary variable in
the present study, the reduced tramadol requirement
parallels these findings and highlights that strategies
enhancing block quality—whether through volume
optimization or adjuvant use—can meaningfully
reduce postoperative opioid consumption.

Hemodynamic parameters and oxygen saturation
remained stable and comparable between the two
groups throughout the 24-hour observation period.
These findings are consistent with those reported by
Alfred et al., who showed that ultrasound-guided
peripheral nerve blocks are associated with
improved safety profiles and fewer hemodynamic
disturbances compared with nerve stimulator—
guided or landmark-based techniques. The absence
of local anesthetic systemic toxicity or neurological
complications in the present study further supports
the safety of volume expansion when ultrasound
guidance is employed.

The present results also align with studies evaluating
minimal effective anesthetic concentrations and
volumes. Investigations into lidocaine concentration
optimization have demonstrated that effective nerve
blockade can be achieved with lower concentrations
and carefully titrated volumes, thereby minimizing
toxicity risk while preserving efficacy. The current
study extends this concept by demonstrating that
increasing volume using saline dilution—without
increasing the total drug dose—can enhance
analgesic outcomes, a strategy that may be
particularly valuable in elderly or high-risk patients.
The findings of the present study are consistent with
earlier literature emphasizing the importance of
ultrasound guidance, optimal anesthetic spread, and
tailored dosing strategies in regional anesthesia.
This study contributes meaningful evidence toward
refining ultrasound-guided PSNB techniques for
below-knee surgeries by demonstrating improved
postoperative analgesia and reduced rescue
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analgesic requirements with higher anesthetic
volume

Conclusion

This double-blinded randomized controlled study
demonstrates that increasing the volume of a fixed
dose of 2% lidocaine for ultrasound-guided popliteal
sciatic nerve block enhances postoperative analgesic
efficacy in patients undergoing below-knee
surgeries. Although the duration of sensory block
was only marginally prolonged, the higher-volume
technique resulted in a significantly reduced
requirement for rescue analgesia, indicating more
consistent and effective pain control.

Both study groups exhibited comparable baseline
characteristics, stable hemodynamic parameters,
and maintained optimal oxygen saturation
throughout the perioperative period. Importantly, no
adverse events or features of local anesthetic
systemic toxicity were observed, underscoring the
safety of volume expansion when performed under
ultrasound guidance.

These findings support the concept that optimization
of local anesthetic volume—without increasing the
total drug dose—can improve the quality of regional
anesthesia by facilitating better perineural spread
and nerve coverage. Ultrasound-guided volume
modulation represents a simple, safe, and clinically
effective strategy to enhance analgesic outcomes
while minimizing opioid consumption.

Further multicentric studies with larger sample sizes
and extended follow-up are warranted to validate
these findings, explore long-term outcomes, and
assess the applicability of this approach with other
local anesthetics and adjuvants.
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