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Abstract

Background: Ultrasound-guided peripheral nerve block provides effective regional anaesthesia and postoperative analgesia. Conventional
assessment of block success depends on sensory and motor testing, which is subjective, time-consuming, and difficult in sedated or poorly
cooperative patients. Perfusion index, obtained from pulse oximetry, reflects peripheral vascular tone and can serve as an objective marker of
sympathetic blockade. Objectives. To evaluate perfusion index as an early predictor of successful ultrasound-guided peripheral nerve block
and to determine the diagnostic performance of early perfusion index changes. Methods: This prospective observational study included 100
patients undergoing ultrasound-guided peripheral nerve block at Gandhi Medical College, Secunderabad, Telangana, India, from October
2022 to September 2023. Perfusion index was recorded at baseline and at 5, 10, 15, and 20 minutes after block administration. Block success
was assessed using standard sensory and motor criteria. Perfusion index values and 10-minute perfusion index ratio were compared between
successful and failed or incomplete blocks. Results: Successful block was achieved in 88 patients, while 12 patients had incomplete or failed
block. Baseline perfusion index was comparable between groups. Patients with successful block showed a progressive rise in perfusion index
from 5 minutes onward. At 10 minutes, perfusion index was 4.28 + 1.36 in successful blocks compared with 2.36 + 0.81 in failed or incomplete
blocks. A 10-minute perfusion index ratio of >1.5 showed 86.4% sensitivity, 83.3% specificity, and an area under the curve of 0.93. Conclusion:
Early rise in perfusion index is a simple, non-invasive, and objective indicator of successful ultrasound-guided peripheral nerve block. The 10-
minute perfusion index ratio showed excellent predictive performance.
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Introduction
Peripheral nerve blocks are widely used in modern anaesthesia because they provide site-specific anaesthesia, reduce perioperative opioid
requirement, and support postoperative analgesia. The use of ultrasound has strengthened the practice of regional anaesthesia by allowing
direct visualization of neural structures, adjacent vessels, pleura, needle advancement, and local anaesthetic spread [1-3]. Compared with
landmark-based techniques, ultrasound guidance offers better anatomical precision and helps reduce repeated needle passes, vascular
puncture, and procedure-related discomfort [4,5]. Despite these advantages, the final success of a peripheral nerve block still depends on
adequate neural blockade and timely identification of incomplete block before surgical incision.

In routine practice, block success is usually assessed by loss of cold, pinprick, or touch sensation and by reduction in motor power in the
relevant nerve distribution. These methods are simple and clinically familiar, but they are subjective and require patient cooperation.
Assessment becomes difficult in anxious, sedated, unresponsive, paediatric, or cognitively impaired patients. Repeated sensory testing also
consumes operating room time and can delay surgical readiness. In addition, definitions of block success vary across clinical studies, which
creates difficulty when comparing outcomes among regional anaesthesia trials [6]. Therefore, an objective, rapid, and non-invasive method
for assessing block success has practical relevance.
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The perfusion index is derived from the photoplethysmographic signal of a pulse oximeter and represents the ratio between pulsatile and non-
pulsatile blood flow at the sensor site [7]. Successful peripheral nerve block produces sympathetic blockade before complete sensory and
motor blockade. This sympathetic block causes vasodilatation, increased peripheral blood flow, and a rise in perfusion index in the blocked
limb. Previous investigations have shown that perfusion index increases after epidural-induced sympathectomy and after successful regional
block, supporting its biological plausibility as a marker of block onset [8,9]. The method is attractive because it is continuous, non-invasive,
inexpensive, and available on many standard monitors.

Studies on brachial plexus and supraclavicular blocks have reported that early changes in perfusion index and perfusion index ratio can predict
block success before complete clinical sensory and motor assessment [10-13]. However, cut-off values and the time point with the best
diagnostic performance vary across studies. Receiver operating characteristic curve analysis is useful for assessing the discriminative ability
of continuous diagnostic variables such as perfusion index [14]. The present study was conducted to evaluate perfusion index as an early
predictor of successful ultrasound-guided peripheral nerve block. The primary objective was to compare serial perfusion index values between
successful and failed or incomplete blocks. The secondary objective was to determine the diagnostic performance of early perfusion index
values and the 10-minute perfusion index ratio for predicting successful block.

METHODOLOGY

Study design, setting and period: This prospective observational study was conducted in the Department of Anaesthesiology, Gandhi Medical
College, Secunderabad, Telangana, India. The study period was from October 2022 to September 202 3. The study followed routine clinical
practice and did not alter the standard anaesthetic technique. Approval was obtained from the Institutional Ethics Committee before enrolment,
and written informed consent was obtained from all participants.

Study population: A total of 100 adult patients scheduled for elective surgery under ultrasound-guided peripheral nerve block were included.
Patients of either sex with American Society of Anesthesiologists physical status | or Il were considered eligible. Patients with peripheral
vascular disease, diabetes with clinically evident neuropathy, severe cardiovascular instability, local infection at the block site, allergy to local
anaesthetic drugs, coagulopathy, failed pulse oximeter signal, or refusal to participate were excluded. Demographic details, ASA physical
status, body mass index, and duration of surgery were recorded.

Block technique and perfusion index measurement: All blocks were performed under standard monitoring with electrocardiography, non-
invasive blood pressure, and pulse oximetry. Ultrasound-guided peripheral nerve block was performed by an experienced anaesthesiologist
using aseptic precautions and an appropriate high-frequency linear probe or curvilinear probe depending on the block site. Local anaesthetic
type, volume, and concentration were selected according to institutional protocol and surgical requirement. Perfusion index was measured
using a pulse oximeter probe placed on the limb receiving the block. Readings were recorded at baseline before block administration and at
5, 10, 15, and 20 minutes after completion of local anaesthetic injection. Perfusion index ratio at 10 minutes was calculated as perfusion index
at 10 minutes divided by baseline perfusion index, in line with previous perfusion index studies [10-13].

Outcome assessment: Sensory block was assessed using response to pinprick or cold sensation in the relevant nerve distribution. Motor block
was assessed using loss or reduction of movement appropriate to the blocked nerve territory. Block was considered successful when adequate
sensory and motor blockade was achieved within the observation period and surgery proceeded without conversion to general anaesthesia or
major rescue supplementation. Incomplete or failed block was defined as inadequate sensory or motor blockade requiring rescue
supplementation, additional block, or alternative anaesthetic management.

Statistical analysis: Data were entered in a spreadsheet and analysed using appropriate statistical software. Continuous variables were
expressed as mean + standard deviation, and categorical variables were expressed as frequency and percentage. Perfusion index values
were compared between successful and failed or incomplete block groups. A p-value less than 0.05 was considered statistically significant.
Receiver operating characteristic curve analysis was used to identify the predictive performance of perfusion index values and perfusion index
ratio for successful block [14]. Sensitivity, specificity, area under the curve, and 95% confidence interval were calculated.

Results

A total of 100 patients undergoing ultrasound-guided peripheral nerve block were included in the study. The mean age of the study population
was 42.8 + 12.6 years. Males constituted 58.0% of the participants, while females constituted 42.0%. Most patients belonged to ASA physical
status |. The mean body mass index was 24.9 + 3.5 kg/m2. The mean duration of surgery was 92.4 + 28.7 minutes. The baseline demographic
and clinical characteristics of the study participants are shown in Table 1.

Table 1. Baseline characteristics of the study participants

Variable Value
Total number of patients 100

Age, years 428+ 12.6
Male 58 (58.0%)
Female 42 (42.0%)
BMI, kg/m? 249+35
ASA physical status | 64 (64.0%)
ASA physical status Il 36 (36.0%)
Duration of surgery, minutes 92.4 + 28.7

Successful peripheral nerve block was achieved in 88 patients, giving an overall block success rate of 88.0%. Incomplete or failed block was
observed in 12 patients. The mean onset time of sensory block was 11.6 + 3.4 minutes, while the mean onset time of motor block was 16.8 +
4.2 minutes. Rescue analgesia or supplementation was required in 12.0% of patients with inadequate block effect. Minor vascular puncture
was observed in 2.0% of patients, while no patient developed local anaesthetic systemic toxicity, pneumothorax, or any major complication
(Table 2).

Table 2. Block characteristics and outcome

Variable Value
Successful block 88 (88.0%)
Incomplete/failed block 12 (12.0%)
Sensory block onset time, minutes 11.6+34
Motor block onset time, minutes 16.8+4.2
Requirement of rescue supplementation 12 (12.0%)
Vascular puncture 2 (2.0%)
Local anaesthetic systemic toxicity 0(0.0%)
Pneumothorax/major complication 0(0.0%)

The baseline perfusion index was comparable between patients with successful and failed blocks. However, patients with successful block
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showed a progressive rise in perfusion index after the block. The increase was evident from 5 minutes and became more marked at 10, 15,
and 20 minutes. In contrast, patients with failed or incomplete block showed only minimal change in perfusion index during the observation
period. The difference between the two groups was statistically significant from 5 minutes onward (Table 3).

Table 3. Comparison of perfusion index between successful and failed block groups

Time interval Successful block (n=88) Failed/incomplete block (n=12) p-value
Baseline PI 2.12+0.74 2.04 + 0.69 0.724
Pl at 5 minutes 3.04 +1.02 2.21+0.72 0.006
Pl at 10 minutes 4.28 + 1.36 2.36 + 0.81 <0.001
Pl at 15 minutes 4.86 + 1.48 2.48 + 0.86 <0.001
Pl at 20 minutes 5.18 + 1.52 2.56 + 0.91 <0.001
Pl ratio at 10 minutes 2.05+0.68 1.17+£0.32 <0.001

The mean percentage increase in perfusion index at 10 minutes was significantly higher among patients with successful block compared with
those with failed or incomplete block. A perfusion index ratio of 21.5 at 10 minutes showed good predictive ability for successful block, with
sensitivity of 86.4% and specificity of 83.3%. The area under the receiver operating characteristic curve for the 10-minute perfusion index ratio
was 0.93, indicating excellent diagnostic performance. Among the evaluated parameters, the 10-minute perfusion index ratio showed the best
overall predictive performance (Table 4).

Table 4. Predictive perffomance of perfusion index for successful block

Parameter Cut-off value Sensitivity | Specificity | AUC 95% CI

Pl at 5 minutes 2.8 78.4% 75.0% 0.82 0.72-0.91
Pl at 10 minutes 3.2 84.1% 83.3% 0.88 0.79-0.96
Pl ratio at 10 minutes >1.5 86.4% 83.3% 0.93 0.86-0.99
Pl at 15 minutes >3.6 88.6% 83.3% 0.91 0.83-0.98

A statistically significant negative correlation was observed between the 10-minute perfusion index ratio and sensory block onset time,
indicating that patients with a greater rise in perfusion index had faster sensory block onset. A similar negative correlation was also observed
with motor block onset time. These findings suggest that an early rise in perfusion index after ultrasound-guided peripheral nerve block is
associated with successful and earlier block establishment.

Overall, perfusion index demonstrated a consistent and clinically useful rise in patients with successful ultrasound-guided peripheral nerve
block. Among the measured parameters, the 10-minute perfusion index ratio showed the best predictive performance and appeared to be a
reliable early objective marker of block success.

Discussion

The present study evaluated perfusion index as an early objective predictor of successful ultrasound-guided peripheral nerve block in 100
patients. The overall block success rate was 88.0%, and successful blocks were associated with a clear and progressive increase in perfusion
index after local anaesthetic injection. Baseline perfusion index was similar in both groups, but significant separation between successful and
failed orincomplete blocks appeared from 5 minutes onward. This pattern supports the physiological concept that sympathetic blockade occurs
early and produces vasodilatation before complete sensory and motor block is clinically evident [7-9].

The 10-minute perfusion index ratio showed the best diagnostic performance in this study, with an area under the curve of 0.93. This finding
is clinically important because a reliable 10-minute marker can help the anaesthesiologist identify inadequate block before incision and before
unnecessary delay. Galvin et al. reported that peripheral flow index was an early indicator of regional block success, while Kus et al.
demonstrated a significant increase in perfusion index after successful infraclavicular block [9,10]. Similarly, Abdelnasser et al. found that
perfusion index and perfusion index ratio were useful for predicting successful supraclavicular block, with strong diagnostic performance at 10
minutes [11].

The magnitude of perfusion index rise in the present study was lower than that reported in some earlier supraclavicular block studies, but the
direction and clinical interpretation were consistent. Differences in block site, local anaesthetic volume, baseline vascular tone, ambient
temperature, patient anxiety, limb position, and monitoring equipment can influence absolute perfusion index values. For this reason, the
perfusion index ratio is useful because it normalizes the post-block value against the patient’s own baseline value. Lal et al. also highlighted
the value of perfusion index ratio in ultrasound-guided supraclavicular block and reported that it performed well as an objective indicator of
block success [13].

The present study also found a negative correlation between 10-minute perfusion index ratio and sensory as well as motor onset time. This
suggests that a faster and greater vascular response is linked to earlier clinical establishment of block. Kim et al. reported that epinephrine
can influence perfusion index because of its vasoconstrictive effect, emphasizing the need to interpret perfusion index in the context of the
local anaesthetic mixture used [12]. Therefore, standardization of drug composition, recording time points, limb temperature, and pulse
oximeter placement is important when perfusion index is used for research or clinical decision-making.

From a practical viewpoint, perfusion index monitoring is simple, non-invasive, repeatable, and available through routine pulse oximetry. It
does not replace sensory and motor testing in cooperative patients, but it provides an additional objective sign that is valuable when clinical
assessment is delayed, uncertain, or unreliable. The findings of this study support its use as an adjunct for early block assessment in busy
operating room settings. Larger multicentre studies with block-specific cut-off values can further strengthen its clinical utility.

Limitations

This study was conducted at a single centre with a moderate sample size, which limits external applicability. The blocks were evaluated over
a short observation period and long-term analgesic outcomes were not assessed. Perfusion index was influenced by ambient temperature,
anxiety, vasoactive drugs, and peripheral vascular tone, although standard monitoring conditions were maintained. Different peripheral nerve
block sites were not analysed separately.

Conclusion

Perfusion index demonstrated a significant and progressive rise after successful ultrasound-guided peripheral nerve block. The increase was
evident within 5 minutes and became more discriminative at 10 minutes. A 10-minute perfusion index ratio of 1.5 showed excellent predictive
performance, with good sensitivity, specificity, and area under the curve. These findings indicate that perfusion index is a useful objective
adjunct for early assessment of block success. It is simple, non-invasive, continuous, and available through routine pulse oximetry. Clinical
sensory and motor assessment remains essential, but perfusion index can support faster recognition of successful or inadequate block in the
operating room and improve perioperative decision-making without added procedural risk.
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