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INTRODUCTION
Percutaneous Nephrolithotomy (PCNL) remains the treatment of 
choice for large or complex renal calculi, combining a minimally 
invasive approach with high efficacy in stone clearance. However, 
despite its minimally invasive nature, the procedure frequently leads 
to significant postoperative pain attributed to renal tract dilation, 
parenchymal injury, and capsular distension [1,2]. Optimising pain 
control is critical—not only for improving patient well-being but also 
for enabling early ambulation, reducing reliance on opioids, and 
preventing associated adverse effects like nausea and respiratory 
complications [3].

Conventional postoperative analgesia methods for PCNL primarily 
include systemic opioids and Local Anaesthetic Infiltration (LAI) at 
the surgical site. While LAI is simple to perform, its analgesic effect 
is limited in duration and insufficient for managing visceral pain [2]. 
Opioids, although effective, frequently lead to complications such 
as nausea, vomiting, pruritus, and respiratory depression, which 
may hinder recovery [3].

The Erector Spinae Plane Block (ESPB), introduced by Forero M 
et al., in 2016, has emerged as an innovative regional anaesthetic 

technique within multimodal analgesia protocols [4]. This technique 
involves injecting local anaesthetic deep to the erector spinae 
muscle, allowing for multidermatomal spread and potential blockade 
of both somatic and visceral afferents [5]. ESPB has demonstrated 
promising outcomes across a range of surgeries, including those 
involving the thoracic cavity, abdomen, and renal system, by 
significantly lowering postoperative opioid needs [6].

Recent trials have suggested that ESPB may surpass LAI in 
effectiveness, especially in renal procedures [6-8]. However, limited 
research exists on landmark-based ESPB techniques [7]. Therefore, the 
present study aimed to compare the efficacy of landmark-guided ESPB 
with local anaesthetic infiltration in patients undergoing PCNL, with 
primary outcomes including time to first rescue analgesia, cumulative 
tramadol consumption, and number of rescue doses, and secondary 
outcomes comprising incidence of PONV, time to mobilisation, time to 
oral intake, patient satisfaction, and complications.

MATERIALS AND METHODS
This was a single-blind, randomised controlled trial conducted in 
the Department of Anaesthesiology, KIMSDU, Karad, Maharashtra, 
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ABSTRACT
Introduction: Percutaneous Nephrolithotomy (PCNL) is 
standard for large/complex renal stones, yet remains painful 
postoperatively. The Erector Spinae Plane Block (ESPB) may 
offer superior analgesia compared to conventional Local 
Anaesthetic Infiltration (LAI).

Aim: To compare the efficacy of landmark-guided ESPB and 
LAI for postoperative analgesia following PCNL.

Materials and Methods: This single-blind, randomised controlled 
trial was conducted at the Department of Anaesthesiology, 
Krishna Institute of Medical Sciences (KMISDU), Krishna 
Vishwa Vidyapeeth, Malkapur, Karad, Maharashtra, India, from 
March 2023 to August 2024. Sixty adults undergoing elective 
PCNL were randomly allocated (computer sequence, sealed 
envelopes)  into two groups (n=30 each): Group A received 
landmark-guided ESPB with 20 mL 0.2% ropivacaine, and 
Group B received LAI with 20 mL 0.2% ropivacaine. The 
primary endpoints were time to first rescue analgesia, 24-
hour tramadol consumption, and the number of rescue 
doses. Secondary endpoints were Postoperative Nausea and 
Vomiting (PONV), time to mobilisation, time to oral intake, 
patient satisfaction (0-10), and complications including 
local anaesthetic systemic toxicity. Analysis used Statistical 

Package for Social Sciences (SPSS) version 25.0; p-value 
<0.05 was significant.

Results: All 60 patients were analysed (30 per group). Groups 
were comparable at baseline: age (42.3±9.6 vs 41.7±10.2 years), 
gender (male 60.0% vs 56.7%), weight (65.4±7.8 vs 64.7±8.1 
kg), ASA I/II (66.7%/33.3% vs 73.3%/26.7%), and surgery 
duration (88.5±12.1 vs 89.3±13.4 min). ESPB significantly 
prolonged time to first rescue analgesia (8.10±1.41 vs 2.48±0.75 
h; p-value <0.0001), reduced tramadol use (123.33±27.79 
vs 205.00±39.86 mg; p-value <0.0001), and lowered rescue 
doses (1.67±0.66 vs 3.70±0.70; p-value <0.0001). Secondary 
outcomes favoured ESPB including lower PONV (10.0% vs 
43.3%), earlier mobilisation (10.5±2.1 vs 18.7±3.3 h; p-value 
<0.01), faster oral intake (6.2±1.4 vs 12.3±2.5 h; p<0.01), and 
higher patient satisfaction (8.6±1.0 vs 6.3±1.4; p-value <0.001). 
No complications occurred in either group.

Conclusion: Landmark-guided ESPB provided superior 
postoperative analgesia compared to LAI following PCNL, with 
delayed rescue need, lower opioid consumption, fewer rescue 
doses, faster recovery milestones, and greater satisfaction, 
without added complications. ESPB is a safe, opioid-sparing 
technique suitable for inclusion in multimodal analgesia 
protocols for PCNL.
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was generated by an independent statistician, and participants 
were enrolled by a senior anaesthesiologist not involved in data 
collection. 

Blinding: The study followed a single-blind design. The patients were 
blinded to allocation, though the anaesthesiologist administering 
the block was necessarily unblinded. To minimise bias, outcome 
assessment and statistical analysis were performed by investigators 
blinded to allocation, with standardised anaesthetic protocols and 
postoperative regimens applied across both groups. 

Out of 65 screened patients, 60 met the eligibility criteria and were 
included; 5 were excluded (2 due to anticoagulant therapy, 2 with 
spinal deformities, and 1 with local infection at the injection site).

The primary outcomes were time to first rescue analgesia, total 
tramadol consumption in 24 hours, and number of rescue doses. 
The secondary outcomes included incidence of PONV, time to 
mobilisation, time to oral intake, patient satisfaction score {10-point 
Visual Analogue Scale (VAS)], and complications such as LAST.

STATISTICAL ANALYSIS
Data were analysed using IBM SPSS Statistics for Windows, version 
25.0 (IBM Corp., Armonk, NY, USA). Continuous variables were 
expressed as mean±standard deviation and compared using the 
independent samples t-test. Categorical variables were presented 
as frequencies and percentages and analysed with the Chi-square 
test or Fisher’s exact test as appropriate. A p-value <0.05 was 
considered statistically significant.

RESULTS
Baseline characteristics such as age, gender distribution, weight, 
ASA physical status, and duration of surgery were comparable 
between the two groups (p-value >0.05), as shown in [Table/Fig-2]. 
Similarly, intraoperative parameters, including the type of anaesthesia 
and the number of puncture attempts, did not differ significantly. 
The mean block duration in the ESPB group was 22±3 minutes, 
with a sensory onset time of 8.5±1.2 minutes [Table/Fig-3].

India from March 2023 to August 2024 (18 months). Ethical 
approval was obtained from the Institutional Ethics Committee (IEC 
No: KIMSDU/IEC/03/2023, dated 05/04/2023 and Clinical Trails 
No: CTRI/2024/08/073029). Written informed consent was taken 
from all participants. The LAI arm served as the control group, 
reflecting the routinely used postoperative analgesic strategy for 
PCNL at current study centre, while the ESPB arm served as the 
intervention.

Sample size calculation: The required sample size was calculated 
a priori using G*Power version 3.1.9.7. Based on the randomised 
study by Ramachandran S et al., (2021) [9] comparing ESPB with 
LAI after PCNL, which showed a markedly longer time to first 
rescue analgesia (median 12-h with ESPB vs 30 min with LAI) and 
a significant reduction in 24-h tramadol requirement, assumed a 
30% reduction in 24-h tramadol consumption with ESPB versus 
LAI for the present trial. With two-sided α=0.05, power (1-β)=0.80 
and equal allocation, 26 patients per group were required; allowing 
for attrition/protocol deviations, authors enrolled 30 per group (total 
N=60).

Inclusion criteria: Adults aged 18–65 years with American Society 
of Anaesthesiologists (ASA) physical status I or II scheduled for 
elective PCNL under General Anaesthesia (GA) were included. 

Exclusion criteria: Patients with known allergy to local anaesthetic 
agents, infection at the intended injection site, coagulopathy or 
bleeding disorders, anatomical spinal abnormalities, or current use 
of anticoagulant therapy were excluded.

Randomisation, allocation, and blinding: Patients were randomly 
allocated into two groups (n=30 each) using a computer-generated 
random number table [Table/Fig-1], with assignments placed in 
sequentially numbered, sealed, opaque envelopes. 

[Table/Fig-1]:	 Consolidated ONSORT Flow Diagram.

Group A (ESPB group) received a landmark-guided ESPB at the T8 
level with 20 mL of 0.2% ropivacaine, while 

Group B (LAI group) received 20 mL of 0.2% ropivacaine infiltrated 
around the surgical site. 

Study Procedure
The choice of ropivacaine 0.2%, 20 mL for both ESPB and LAI was 
based on prior PCNL studies that used 20 mL ropivacaine for ESPB 
and for local wound infiltration (e.g., 20 mL of 0.375% ropivacaine 
in both arms) and on published guidance describing typical ESPB 
concentrations (0.25-0.375%) at similar volumes; 0.2% was used to 
maintain plane spread while minimising the risk of Local Anaesthetic 
Systemic Toxicity (LAST) [10,11]. The randomisation sequence 

Variables
Group A (ESPB) 

(n=30) (Mean±SD)
Group B (LAI) 

(n=30) (Mean±SD) p-value

Mean age (years) 42.3±9.6 41.7±10.2 0.81

Gender (Male/Female) 18/12 17/13 1.00

Weight (kg) 65.4±7.8 64.7±8.1 0.73

ASA grade (I/II) 20/10 22/8 0.77

Duration of surgery 
(min)

88.5±12.1 89.3±13.4 0.80

[Table/Fig-2]:	 Demographic characteristics of study participants.
Values are expressed as mean±standard deviation or number of patients. p-values were 
calculated using the unpaired Student’s t-test for continuous variables (age, weight, duration 
of surgery) and the Chi-square test or Fisher’s exact test (where appropriate) for categorical 
variables (sex, ASA grade)

Parameters
Group A (ESPB) 

(Mean±SD) (n=30)
Group B (LAI) 

(Mean±SD) (n=30) p-value

Type of anaesthesia GA GA NS

Mean duration of 
block (min)

22±3 Not applicable -

Mean onset of 
sensory block

8.5±1.2 Not applicable -

Number of puncture 
attempts

1.1±0.3 1.0±0.2 0.41

[Table/Fig-3]:	 Intraoperative parameters.
Values are presented as mean±standard deviation. Both groups received general anaesthesia as 
the primary anaesthetic technique. Duration and onset of block were applicable only to Group 
A (ESPB). p-values were calculated using the unpaired Student’s t-test for continuous variables 
(block duration, onset time, puncture attempts) and descriptive comparison for categorical 
variables (type of anaesthesia). 

Primary postoperative analgesic outcomes: The ESPB group 
demonstrated significantly better analgesic efficacy across all primary 
outcomes [Table/Fig-4]. The mean time to first rescue analgesia 
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was notably longer in group A (8.10±1.41 hours) than in group B 
(2.48±0.75 hours; p-value <0.0001). Additionally, group A required 
significantly lower total tramadol over 24 hours (123.33±27.79 mg) 
compared to group B (205.00±39.86 mg; p-value <0.0001). The 
average number of rescue analgesic doses was also fewer in group 
A (1.67±0.66) than in group B (3.70±0.70; p-value <0.0001).

nausea and vomiting was significantly reduced, with earlier recovery 
milestones. These findings are concordant with prior reports in 
abdominal and colorectal surgery, where ESPB was associated 
with reduced perioperative opioid requirements and improved 
postoperative comfort [12,13], and they also align with evidence in 
PCNL showing fewer opioid-related adverse effects when ESPB is 
used instead of wound infiltration [9]. The agreement across studies 
likely reflects the multisegmental paravertebral spread achieved by 
ESPB, which provides both somatic and visceral analgesia relevant 
to pain after renal tract instrumentation.

Functional recovery outcomes in the ESPB group, including earlier 
mobilisation and resumption of oral intake, were in line with the 
findings of Pandey SP et al., and Mandal AK et al., who highlighted 
the role of ESPB in accelerating recovery in both renal and 
laparoscopic procedures [14,15]. This study further demonstrated 
that patient satisfaction scores were higher with ESPB, reflecting 
the clinical relevance of effective pain control in perioperative care. 
Recent higher-level evidence corroborates these observations. 
Singh A et al., conducted a systematic review and meta-analysis of 
randomised controlled trials and confirmed that ESPB significantly 
prolongs analgesia and reduces opioid requirements following PCNL 
[16]. Similarly, Long K et al., performed a network meta-analysis 
comparing multiple regional anaesthesia techniques for PCNL and 
concluded that ESPB, paravertebral block, and quadratus lumborum 
block significantly reduced postoperative opioid consumption, 
whereas local infiltration offered no advantage over placebo [17]. 
Moreover, Turkan H et al., reported comparable opioid consumption 
between ESPB and anterior quadratus lumborum block, both 
markedly superior to no block, further reinforcing the role of ESPB 
as an effective component of multimodal analgesia in PCNL [18].

The safety profile in this study was favourable, with no block-related 
complications observed. These results are consistent with earlier 
studies by Tulgar S et al., and Gultekin MH et al.,  who demonstrated 
a low complication rate and high feasibility of ESPB in urological 
and abdominal procedures [11,19]. Although ultrasound guidance 
is often advocated, findings of this study support the clinical utility of 
landmark-guided ESPB in resource-limited settings, in agreement 
with the conclusions of Sia CJY et al., [20].

Taken together, current evidence indicates that ESPB offers 
reliable postoperative analgesia, reduces opioid requirements, and 
facilitates enhanced recovery after PCNL. The present study adds 
to this growing body of literature by demonstrating that even a 
landmark-guided technique can achieve these outcomes effectively 
when performed under standardised protocols.

Limitation(s)
This single-centre, single-blind randomised trial was a priori powered 
only for the primary analgesic endpoint; therefore, estimates for 
secondary outcomes and complications should be interpreted as 
exploratory, and the study was not powered to detect uncommon 
adverse events or to support subgroup analyses. Follow-up 
was limited to the first 24 hours, so longer-term outcomes (e.g., 
persistent pain, readmissions, functional recovery) were not 
assessed. The ESPB was delivered by a landmark technique; while 
effective in this setting, reproducibility may vary with operator and 
may not fully mirror ultrasound-guided practice elsewhere. The 
comparator LAI regimen used a single concentration and volume 
of ropivacaine, which may limit generalisability to other infiltration 
protocols. Finally, although patients and outcome assessors were 
blinded, the proceduralist could not be, introducing a possibility of 
performance bias inherent to block studies.

CONCLUSION(S)
The present study demonstrates that landmark-guided ESPB 
provides significantly superior postoperative analgesia compared to 
LAI in patients undergoing PCNL. ESPB resulted in prolonged time 

Outcome measures
Group A (ESPB) 

(Mean±SD) (n=30)
Group B (LAI) 

(Mean±SD) (n=30) p-value

Time to first rescue 
analgesia (hrs)

8.10±1.41 2.48±0.75 <0.0001

Total tramadol 
consumption (mg/24 
hrs)

123.33±27.79 205.00±39.86 <0.0001

Number of rescue 
doses (in 24 hrs)

1.67±0.66 3.70±0.70 <0.0001

[Table/Fig-4]:	 Primary postoperative analgesic outcomes.
Values are mean±standard deviation. p-values were calculated using the unpaired Student’s 
t-test. Time to first rescue analgesia is the interval (in hours) from the end of surgery to the first 
postoperative rescue analgesic. Total tramadol consumption is the cumulative dose (mg) ad-
ministered in the first 24 hours. Number of rescue doses is the count of protocol-defined rescue 
administrations given within 24 hours. 

Secondary outcomes: PONV occurred less frequently in the ESPB 
group (3 patients; 10%) compared to the LAI group (13 patients; 
43.3%), which was statistically significant (p-value=0.0024). 
Moreover, patients in group A mobilised earlier (10.5±2.1 hours) 
than those in group B (18.7±3.3 hours; p-value <0.01). Time to 
oral intake was also earlier in group A (6.2±1.4 hours) compared to 
group B (12.3±2.5 hours; p-value <0.01). Patient satisfaction scores 
(VAS 1-10) were higher in the ESPB group (8.6±1.0) than in the LAI 
group (6.3±1.4; p<0.001), as detailed in [Table/Fig-5].

Outcome measures

Group A (ESPB) 
(Mean±SD) 

(n=30)

Group B (LAI) 
(Mean±SD) 

(n=30) p-value

Patients with PONV 
(%)

3 (10%) 13 (43.3%) 0.0024

Time to mobilisation 
(hrs)

10.5±2.1 18.7±3.3 <0.01

Time to oral intake 
(hrs)

6.2±1.4 12.3±2.5 <0.01

Patient satisfaction 
score (VAS 1-10)

8.6±1.0 6.3±1.4 <0.001

[Table/Fig-5]:	 Secondary outcomes.
Values are mean±standard deviation or number of patients (%). p-values were calculated using 
the unpaired Student’s t-test for continuous outcomes (time to mobilisation, time to oral intake, 
patient satisfaction score) and the Chi-square test (or Fisher’s exact test, as appropriate) for 
categorical outcomes (incidence of PONV). Times are reported in hours (h) and were measured 
from the end of surgery to first mobilisation and to first tolerated oral intake. Patient satisfaction 
was assessed at 24 hours on a 0-10 VAS (higher scores indicate greater satisfaction). 

Complications and safety profile: No major complications were 
observed in either group. There were no reported cases of LAST, 
pneumothorax, surgical site infection, or haemodynamic instability. 
No block failures occurred in the ESPB group.

Discussion
The present study demonstrates that landmark-guided ESPB 
provides superior postoperative analgesia compared with LAI 
in patients undergoing PCNL. Patients in the ESPB group had a 
significantly longer duration before requiring rescue analgesia, lower 
tramadol consumption, and fewer rescue doses, confirming its 
opioid-sparing potential. These findings are consistent with previous 
clinical reports describing the multilevel somatic and visceral 
analgesia achieved through ESPB via spread into the paravertebral 
and epidural spaces [8,11].

In current randomised trial of patients undergoing percutaneous 
nephrolithotomy, the ESPB demonstrated a clear opioid-sparing 
effect compared with local anaesthetic infiltration: 24-hour tramadol 
consumption and the number of rescue doses were lower, the time to 
first rescue analgesia was longer, and the incidence of postoperative 
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to first analgesic request, reduced tramadol consumption, fewer 
rescue doses, and improved patient satisfaction, with fewer opioid-
related side-effects such as nausea and vomiting. Additionally, 
earlier mobilisation and oral intake were noted in the ESPB group, 
supporting its role in enhanced recovery protocols. The technique 
was safe, effective, and feasible using anatomical landmarks. ESPB 
may thus be considered a valuable component of multimodal 
analgesia in PCNL, particularly in resource-limited settings.
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