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Purpose: Transversus abdominis plane (TAP) block is a widely accepted technique for postoperative pain management in kidney
transplant (KT) patients, typically with 0.25-0.5% bupivacaine. Lower concentrations, such as 0.125%, may reduce systemic toxicity
while remaining effective. This study aimed to compare the efficacy and safety of 0.125% versus 0.25% bupivacaine for TAP block in
KT patients.

Patients and Methods: In this prospective, double-blind, randomized trial, KT patients received either 0.125% or 0.25% bupiva-
caine for ultrasound-guided TAP block prior to surgery, followed by intravenous fentanyl patient-controlled analgesia postoperatively.
The primary outcome was 24-hour fentanyl consumption. Secondary outcomes included intraoperative fentanyl use, time to first
analgesic request, pain scores, TAP block complications, opioid-related side effects, and patient satisfaction.

Results: Seventy-six patients were enrolled, with 74 completing the study (37 per group). Baseline characteristics were comparable
between groups. Intraoperative fentanyl use was significantly lower in the 0.25% bupivacaine group (140.5 +39.7 mcg) compared to the
0.125% group (166.8 +44.7 mcg; P =0.009). However, 24-hour postoperative fentanyl consumption did not differ significantly, with the
0.125% group using 201.5 £ 110.4 mcg and the 0.25% group using 177.3 = 104.1 mcg (mean difference: —24.2; 95% CI: —73.9 to 25.5;
P =0.335). The 0.25% group had a longer median time to first analgesic request (15 vs 10 minutes; P = 0.020). Postoperative pain scores,
TAP block complications, and patient satisfaction were similar between groups.

Conclusion: TAP block with 0.125% bupivacaine provided comparable postoperative opioid consumption and pain scores to 0.25%,
without associated complications.

Keywords: transversus abdominis plane block, TAP block, bupivacaine, kidney transplant, renal transplant, postoperative pain, opioid

consumption

Introduction
Postoperative pain is a widely recognized issue after kidney transplant (KT), with some patients experiencing intense
discomfort that can be difficult to manage.' Effective postoperative pain management after KT is crucial, as it facilitates
early oral intake, early mobilization, and improved respiratory function—key factors in optimizing graft outcomes and
patient recovery.”>

Guidelines from the Enhanced Recovery After Surgery (ERAS) society and other expert consensus recommend multimodal
analgesia—including the use of opioids, non-opioid analgesics, and regional anesthesia such as the transversus abdominis plane
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(TAP) block—to optimize pain control and minimize opioid use in this high-risk population.>* However, analgesic options in
patients with reduced kidney function are limited. Accumulation of renally excreted opioids and their toxic metabolites may lead
to oversedation, myoclonus, seizures, and respiratory depression.” Non-steroidal anti-inflammatory drugs (NSAIDs) should be
avoided due to their potential nephrotoxicity.®” Epidural block may be controversial because of the risk of epidural hematoma
from platelet dysfunction or reduced graft perfusion caused by hypotension.®

TAP block has emerged as a valuable component of multimodal analgesia for abdominal surgeries, including KT, by
targeting the T10-L1 spinal nerves located between the internal oblique (IO) and transversus abdominis (TA) muscles.**'° It
covers the typical KT incision area without the side effects or risks associated with neuraxial techniques.'' Recent meta-
analyses have shown that TAP blocks significantly reduce postoperative opioid consumption and pain scores in KT recipients,
with bupivacaine concentrations commonly ranging from 0.25% to 0.5%.”'* TAP block with a lower concentration, such as
0.125% bupivacaine, has also been effective for pain control in various types of surgery, including laparoscopic appendect-
omy, laparoscopic hysterectomy, lower abdominal surgery, and inguinal hernia repair.>'® Furthermore, in inguinal hernia
repair, TAP block using 0.125% bupivacaine has been shown to be as effective as 0.25% in reducing opioid consumption and
postoperative pain scores.'"'®

Renal failure increases the risk of local anesthetic systemic toxicity (LAST), largely due to reduced drug clearance.
Additionally, conditions common in renal failure, such as uremia and acidosis, can lead to higher concentrations of free
local anesthetics in the body.'” As a result, careful selection of local anesthetic concentration is essential to balance
analgesic efficacy and minimize toxicity. However, despite its widespread use, current evidence—summarized in
systematic reviews—shows that the optimal bupivacaine concentration to maximize efficacy while minimizing toxicity
in the KT population remains unclear.'?

We hypothesized that ultrasound-guided TAP block using 0.125% bupivacaine would provide postoperative analgesia
that is not clinically inferior to that achieved with 0.25% bupivacaine, as measured by 24-hour fentanyl consumption,
while potentially offering a better safety profile with respect to LAST. To test this, we conducted a randomized, double-
blind clinical trial comparing these two concentrations in KT recipients.

Materials and Methods
Design and Ethics

This prospective, double-blind, randomized controlled trial was conducted at Srinagarind Hospital, Khon Kaen
University, Thailand, from October 2023 to December 2024. All kidneys were donated voluntarily with written informed
consent, in accordance with the principles of the Declaration of Istanbul on Organ Trafficking and Transplant Tourism.
All procedures followed the ethical standards laid down in the Declaration of Helsinki. The study protocol was approved
by the Khon Kaen University Ethics Committee for Human Research (HE661296) and registered with the Thai Clinical
Trials Registry (TCTR20230919004). Written informed consent was obtained from all participants prior to enrollment.
The trial was designed, conducted, and reported in accordance with the Consolidated Standards of Reporting Trials
(CONSORT) guidelines for randomized clinical trials.

Participants

Adults aged 18 years or older with end-stage renal disease (ESRD) scheduled for KT and classified as American Society
of Anesthesiologists Physical Status (ASA PS) Class III or IV were eligible for inclusion in this study. Patients were
excluded if they had a history of chronic pain, had used analgesic medication within 24 hours prior to surgery, or had
been on long-term treatment (at least 3 months) with antidepressants, antipsychotics, anticonvulsants, or clonidine.
Additional exclusion criteria were a known allergy to any of the study medications, current pregnancy or lactation,
contraindications to performing a TAP block such as coagulopathy or localized skin infection, and either inability or
refusal to use intravenous patient-controlled analgesia (IV PCA). Patients were withdrawn from the study if they required
re-operation within 24 hours postoperatively, exhibited symptoms of LAST, or experienced intraperitoneal injection
during the TAP block procedure.
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Randomization and Blinding

Participants were randomly assigned in a 1:1 ratio to either the 0.125% or 0.25% bupivacaine group using a computer-
generated block-of-four randomization list. The randomization sequence was generated by an independent statistician
from the Clinical Epidemiology Unit who was not involved in patient recruitment, intraoperative management, or
outcome assessment. Allocation concealment was ensured with sequentially numbered, sealed opaque envelopes, opened
only after the patient arrived in the operating room. In the 0.25% group, patients received 50 mg of bupivacaine (10 mL)
and 100 mcg of adrenaline (0.1 mL), diluted with normal saline to a total volume of 20 mL. In the 0.125% group, patients
received 25 mg of bupivacaine (5 mL) and 100 mcg of adrenaline (0.1 mL), also diluted to 20 mL. Both solutions were
prepared in identical syringes, matched for volume and appearance, by a research team member not involved in patient
care or outcome assessment. As a result, the anesthesiologists performing the TAP block, the attending anesthesiologist,
and the outcome assessors were all blinded to group allocation.

Study Protocol

Preoperative

After KT scheduling, patients received study information and provided written informed consent. They were then
instructed on how to use the IV PCA device and the numerical rating scale (NRS) for pain assessment. Baseline
characteristics—including sex, age, weight, height, body mass index (BMI), underlying diseases, ASA PS classification,
and laboratory values—were recorded.

Intraoperative

Standard monitoring and preoxygenation were performed. Baseline vital signs were recorded 5 minutes after the patient
was positioned on the operating table. General anesthesia was induced with fentanyl (1 mcg/kg IV), propofol
(1.5-2.5 mg/kg 1V), and either succinylcholine (1-1.5 mg/kg IV) or rocuronium (1-1.2 mg/kg IV), followed by
endotracheal intubation. Paracetamol 1000 mg IV was administered after intubation.

An ultrasound-guided unilateral TAP block was performed on the surgical side after intubation using an in-plane
technique, targeting the posterior end of the TAP (posterior approach). The block was performed by one of three
experienced anesthesiologists from the research team, all proficient in the technique. A linear ultrasound probe was
placed at the midaxillary line between the subcostal margin and iliac crest. The three muscle layers—external oblique
(EO), internal oblique (IO), and transversus abdominis (TA)—were identified, and the probe was moved posteriorly to
the most posterior limit of the TAP between the 10 and TA muscles (Figure 1). Once the needle tip was properly
positioned, the assigned concentration of bupivacaine (0.25% or 0.125%) was administered. Correct TAP placement was

Lateral . : Medial

Figure | Ultrasonographic image of the posterior transversus abdominis plane (TAP) block. The needle is inserted at the midaxillary line from medial to lateral using an in-
plane technique, targeting the posterior end of the TAP. Blue arrow, needle patch; yellow area, target plane for local anesthetic deposition.
Abbreviations: EO, external oblique muscle; IO, internal oblique muscle; TA, transversus abdominis muscle.
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confirmed by visualizing the needle tip between the IO and posterior end of TA muscles with fascial plane separation
during injectate spread. As the block was performed under general anesthesia, sensory testing was not feasible; block
effectiveness was therefore assessed indirectly by hemodynamic responses to surgical stimulation, with more than 20%
increases in blood pressure or heart rate prompting supplemental fentanyl. TAP block-related complications—such as
hematoma, LAST, and intraperitoneal injection—were monitored.

General anesthesia was maintained with sevoflurane in oxygen and air, targeting a minimum alveolar concentration of
1. Intraoperative fentanyl was administered at the attending anesthesiologist’s discretion in response to hemodynamic
changes (increase of >20% from baseline), with 25 mcg IV doses titrated every 5 minutes as needed. No other analgesics
were used intraoperatively. Intraoperative data were recorded, including total fentanyl consumption, incision site,
operative time, and estimated blood loss.

At the end of surgery, patients received ondansetron 8 mg IV for postoperative nausea and vomiting (PONV)
prophylaxis. Anesthesia was then discontinued, and neuromuscular blockade was reversed. No additional local anesthetic

was administered via wound infiltration by the surgeon.

Postoperative

After extubation, patients were connected to IV PCA (fentanyl 10 mcg/mL; PCA-only mode, 1 mL bolus, 5-minute
lockout, maximum 8 mL/hour) for at least 24 hours. Standard postoperative care was provided, and patients were
transferred to the ward or ICU as clinically indicated. All patients also received 1000 mg of IV paracetamol every 6 hours
for 24 hours. Postoperative pain scores using the NRS (at rest and during activity) and opioid-related complications
(PONYV, drowsiness, and pruritus) were assessed every 6 hours for 24 hours by ward nurses blinded to group allocation.
Cumulative fentanyl consumption and time to first analgesic request were retrieved from the IV PCA machine records.
Patient satisfaction with pain management was assessed at 24 hours postoperatively using a 5-point Likert scale
(1 = strongly disagree, 2 = disagree, 3 = neither agree nor disagree, 4 = agree, 5 = strongly agree).

Outcomes Measurement

The primary outcome was cumulative fentanyl consumption during the first 24 hours after surgery. Secondary outcomes
included intraoperative fentanyl use, time to first analgesic request, NRS pain scores at rest and with movement at 0, 6, 12,
18, and 24 hours postoperatively, and complications related to the TAP block or opioid use—such as hematoma, LAST,
intraperitoneal injection, PONV, drowsiness, and pruritus. Patient satisfaction with pain management was also assessed.

Sample Size Calculation

Our data from KT recipients who received a TAP block with 0.25% bupivacaine showed a mean 24-hour postoperative
fentanyl consumption of 221.25 £+ 62.45 mcg. Using this value, a sample size calculation was performed with 90% power,
a significance level of 0.05, and margin of 20% (44.25 mcg). The calculation indicated that at least 34 patients were
required per group. To allow for a potential 10% dropout rate, the final sample size was set at 38 patients per group.

Statistical Analysis

Analyses were performed on a per-protocol basis, including all randomized patients who received the allocated TAP
block and completed 24-hour postoperative follow-up (n = 74). There were no missing data among the 74 analyzed
patients; therefore, no imputation methods were required. Categorical variables were reported as frequencies and
percentages and analyzed using either the Chi-square test or Fisher’s exact test, as appropriate. Continuous variables
were presented as mean + standard deviation (SD) or median with interquartile range (IQR) and compared using the
independent #-test or Mann—Whitney U-test, as appropriate. Mean or median differences and their 95% confidence
intervals (CI) were calculated. Repeated NRS pain scores were analyzed using generalized estimating equations (GEE)
with Bonferroni correction. All statistical analyses were conducted using STATA version 18 (StataCorp LP, College
Station, TX, USA). A p-value of less than 0.05 was considered statistically significant.
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Results

Eighty-one patients scheduled for KT were screened for eligibility. Five were excluded due to the unavailability of an
anesthesiologist to perform the TAP block. Seventy-six patients were enrolled and randomized to receive either 0.125%
or 0.25% bupivacaine in the TAP block, with 38 patients in each group. One patient in the 0.25% group was withdrawn
due to postoperative delirium that prevented IV PCA use, and one in the 0.125% group was withdrawn after requiring
reoperation, leaving 74 patients who completed the study (Figure 2).

Baseline characteristics and intraoperative data were similar between the groups (Table 1). Although baseline serum
creatinine and estimated glomerular filtration rate (GFR) were slightly different between groups (with numerically higher
serum creatinine and lower GFR in the 0.125% group), these differences were not statistically significant, and all patients
had end-stage renal disease requiring transplantation. Most participants were male (53.9%) with a mean age of 43 years.
All patients were classified as ASA PS class 3. The most common comorbidity was hypertension (79.7%). Regarding
intraoperative data, 93.2% had a right-sided incision, the average operative time was 138 minutes, and estimated blood
loss ranged from 150 to 200 mL.

Fentanyl consumption and time to first analgesic request are shown in Table 2. Intraoperative fentanyl consumption
was significantly lower in the 0.25% group compared to the 0.125% group (140.5 £39.7 mcg vs 166.8 £44.7 mcg; mean

[ Enrollment ] Assessed for eligibility (n=81)

Excluded (n=5)
» ¢ Unavailable block performer (n=5)
+ Declined to participate (n=0)

Randomized (n=76)

!

v [ Allocation v
Allocated to 0.125% group (n=38) Allocated to 0.25% group (n=38)
+ Received allocated intervention (n=38) + Received allocated intervention (n=38)
«+ Did not receive allocated intervention (n=0) «+ Did not receive allocated intervention (n=0)
v [ Follow-Up J v
L
Lost to follow-up (reoperation) (n=1) Lost to follow-up (postoperative delirium) (n=1)
Discontinued intervention (n=0) Discontinued intervention (n=0)
[ Analysis ] v

Analyzed (n=37)
+ Excluded from analysis (n=1)

J
Analyzed (n=37)
+ Excluded from analysis (n=1)

Figure 2 Consolidated Standards of Reporting Trials (CONSORT) flow diagram of the study population.

Abbreviation: IV PCA, intravenous patient-controlled analgesia.
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Table 1 Baseline Characteristics and Intraoperative Data of Kidney
Transplant Recipients Categorized by Bupivacaine Concentration Used for

TAP Block
Variables 0.125% Group | 0.25% Group | p-value
(n=37) (n=37)
Male sex 20 (54.1) 21 (56.8) 0.851
Age (years) 43.1 £ 116 424114 0.801
Weight (kg) 589 % 137 573+ 113 0.840
BMI (kg/m?) 223 + 44 215 %36 0.585
ASA PS classification Il 37 (100.0) 37 (100.0) NA
Comorbidities 0.772
Hypertension 30 (81.1) 29 (78.4)
Diabetes melilitus 3 (8.1) 2 (54
Dyslipidemia 4 (10.8) 1 (2.7)
Coronary artery disease 1 (2.7) 1 (2.7)
Cerebrovascular disease 0 (0) 1 (2.7)
Baseline laboratory
sCr (mg/dL) 10.8 + 4.8 9.1 £37 0.068
GFR (mL/min/1.73m?) 58+32 6522 0.054
Hb level (g/dL) 1135+ 1.8 11.9 £ 2.1 0.220
Platelet (cell x 10%/uL) 240.4 * 66.9 2329 £ 615 0.619
Baseline vital signs
Systolic BP (mmHg) 150.9 + 21.1 153.9 + 279 0.597
Diastolic BP (mmHg) 87.7 + |68 88.1 = 145 0.894
MAP (mmHg) 106.7 £ 16.5 1092 £ 17.7 0.526
Heart rate (bpm) 838 + 109 875+ 132 0.190
Incision site >0.999
Right 35 (94.6) 34 (91.9)
Left 2 (5.4) 3(8.1)
Operative time (min) 138.1 +27.6 138.2 + 35.2 0.985
Blood loss (mL); median (IQR) 200 (100, 200) 150 (50, 200) 0.161

Note: Data are presented as number (%) or mean + SD unless otherwise indicated.
Abbreviations: TAP, transversus abdominis plane; BMI, Body Mass Index; ASA PS, American
Society of Anesthesiologists Physical Status; sCr, serum creatinine; GFR, glomerular filtration rate;
Hb, hemoglobin; BP, blood pressure; MAP, mean arterial pressure.

difference: —26.2 mcg, 95% CI: —45.8 to —6.6, P = 0.009). However, total fentanyl consumption within the first 24 hours
postoperatively did not differ significantly between the groups (177.3 +£104.1 mcg in the 0.25% group vs 201.5+110.4
mcg in the 0.125% group; mean difference: —24.2 mcg, 95% CI: —73.9 to 25.5, P = 0.335). The median time to first
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Table 2 Comparison of Fentanyl Consumption and Time to First Analgesic Dose Between 0.125% and
0.25% Bupivacaine Groups for TAP Block in Kidney Transplant Recipients

Variables 0.125% Group 0.25% Group Mean or Median p-value
(n=37) (n=37) Difference (95% CI)

Fentanyl consumption (mcg)®

Intraoperative 166.8 + 44.7 140.5 + 39.7 —26.2 (—45.8 to —6.6) 0.009%*
24-hour postoperatively 2015+ 1104 177.3 £ 104.1 —24.2 (-73.9 to 25.5) 0.335
Time to first analgesia dose (min)® 10 (0, I5) 15 (10, 30) 5 (0 to 15) 0.020%

Notes: *Data presented as mean * SD, ®Data presented as median (IQR), *p value < 0.05 indicates statistical significance.
Abbreviation: TAP, transversus abdominis plane.

analgesic dose was significantly shorter in the 0.125% group at 10 (0, 15) minutes compared to 15 (10, 30) minutes in the
0.25% group (P = 0.020).

Pain scores assessed by the NRS (Table 3) did not differ significantly between the two groups at any time point, either
at rest or during activity. The overall difference in pain NRS over the 24-hour postoperative period, analyzed using GEE,
was 0.1 (95% CI: —1.0 to 1.1, P = 0.889) at rest and 0.2 (95% CI: —0.9 to 0.6, P = 0.620) during activity.

Incidence of adverse events is shown in Table 4. No complications related to the TAP block—such as hematoma,
LAST, or intraperitoneal injection—were observed in either group. Among opioid-related complications, the most
common was PONV, which occurred in 7 patients (9.5%): 4 in the 0.25% group and 3 in the 0.125% group, with no
significant difference. One patient in the 0.25% group experienced drowsiness. Regarding patient satisfaction, most
participants (75%) strongly agreed with the postoperative pain control method, and mean satisfaction scores were high in
both groups.

Table 3 Comparison of Postoperative Pain Score (NRS 0-10) at Rest and During Activity
Between 0.125% and 0.25% Bupivacaine Groups for TAP Block in Kidney Transplant

Recipients
Variables 0.125% Group | 0.25% Group Mean or Median p-value
(n=37) (n=37) Difference (95% CI)

Pain NRS at rest
T0* 43 +34 47 £25 0.4 (1.0 to 1.8) 0.557
Té6* 48 +28 42+23 —0.6 (—1.8 to 0.6) 0.319
TI2° 4 (0, 5) 4 (0, 5) 0(-ltol) 0.998
Tig® 3(0,5) 3(0,5) 0 (0 to 2) 0.633
T24° 2 (0, 3) 2 (0, 4) 0(0to2) 0.448

Pain NRS during activity
ToP 7(5,9) 8(7,8) 0(-1to0?2) 0.477
TeP 7(6,9) 7 (5, 8) =1 (-2 to 0) 0.124
TI2? 59+ 2.1 53+27 —0.6 (—1.7 to 0.5) 0.273
TI8 5419 48 +25 —0.6 (—1.6 to 0.4) 0.252
T24° 4420 45+24 0.1 (-1.0to I.1) 0917

Notes: *Data presented as mean % SD, "Data presented as median (IQR).
Abbreviations: TAP, transversus abdominis plane; NRS, Numerical rating scale; T, postoperative time (hours).
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Table 4 Incidence of Adverse Events and Patient Satisfaction with Pain
Management Within 24 hours Between 0.125% and 0.25% Bupivacaine
Groups for TAP Block in Kidney Transplant Recipients

Variables 0.125% Group | 0.25% Group | p-value
(n=37) (n=37)

Complication from TAP block 0 (0) 0 (0) NA

PONV 3(8.1) 4(11.8) 0.711

Drowsy 0 (0) 1 (2.7) 0.493

Pruritus 0 (0) 0 (0) NA

Patient’s satisfaction; mean + SD 47 £ 0.6 47 £ 0.5 > 0.999

Notes: Data presented as number (%) unless indicated otherwise, Complications from TAP block
included hematoma, local anesthetic systemic toxicity (LAST), and intraperitoneal injection,
Patient satisfaction with pain management assessed using a 5-point Likert scale.

Abbreviations: TAP, Transversus abdominis plane; PONV, post operative nausea and vomiting.

Discussion

This randomized controlled trial evaluated the efficacy and safety of two bupivacaine concentrations (0.125% vs 0.25%) for
ultrasound-guided TAP block in KT recipients. The 0.25% concentration, more commonly used, has been shown in several
studies to significantly reduce opioid consumption and postoperative pain compared to placebo in this population.*** Our
findings demonstrate that TAP block with 0.125% bupivacaine offers a comparable level of postoperative opioid sparing and
pain control to 0.25%. This is consistent with previous reports, such as Erdogan Ar1 et al'® who found no significant difference
in opioid use or pain scores between 0.125% and 0.25% bupivacaine for TAP block in inguinal hernia surgery. Similarly,
Prabhu et al'” reported comparable analgesic efficacy between these concentrations in unilateral inguinal hernia repair.

Additional supportive evidence comes from a recent pediatric trial that compared these two concentrations of
bupivacaine in children undergoing unilateral inguinal hernia repair, demonstrating that both concentrations provided
equally effective postoperative pain control.>> Moreover, a recent meta-analysis supports the use of low-dose TAP blocks
for cesarean section, indicating that lower concentrations of local anesthetic can provide analgesia and opioid-sparing
effects comparable to higher-dose regimens.>*

Patients in the 0.25% bupivacaine group required significantly less intraoperative fentanyl and had a longer median time to
first postoperative analgesic request. The reduced intraoperative fentanyl use in this group may reflect a faster onset or denser
neural blockade achieved with the higher local anesthetic concentration.”> In contrast, the 0.125% concentration may have
produced a less dense block, resulting in more frequent breakthrough pain early in the postoperative period and prompting
earlier requests for rescue analgesia.”® Although the difference in median time to first analgesic request between groups was
statistically significant (10 minutes vs 15 minutes; P = 0.020), this 5-minute gap is unlikely to be clinically meaningful. To our
knowledge, no formal minimal clinically important difference (MCID) has been defined for time to first rescue analgesia after
regional anesthesia. However, previous TAP block studies in lower abdominal or hernia surgery have reported between-group
differences in the range of tens of minutes to several hours (eg, Erdogan Ari et al'® reported a time to first morphine request of
182 minutes in the 0.25% group and 143 minutes in the 0.125% group), which are substantially larger than the difference
observed here. In addition, our IV PCA regimen used a 5-minute lockout interval, and all patients had immediate access to
rescue analgesia. Under these conditions, a 5-minute difference is unlikely to alter the quality of postoperative pain control or
overall recovery. Therefore, while statistically detectable, the longer time to first analgesic request in the 0.25% group should
be interpreted as a small effect of limited clinical relevance.

The observed NRS scores indicated moderate pain at rest and moderate-to-severe pain during activity early postoperatively
(TO and T6). This pattern reflects inherent limitations, including the somatic focus of the single-shot unilateral TAP block
which poorly addresses visceral pain from graft manipulation or peritoneal irritation. Furthermore, given the patients’ severe
renal impairment, the fentanyl PCA regimen was conservatively dosed to prioritize safety over aggressive analgesia, and
NSAIDs were contraindicated. Despite these factors, pain scores progressively improved over 24 hours, and high mean patient
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satisfaction scores (4.7/5 in both groups) suggest an acceptable balance between analgesia and safety was achieved. This
reinforces that TAP block functions as one component of multimodal management, rather than a complete solution for all pain
sources in this high-risk cohort.

No significant differences in pain scores were observed at any postoperative time point, either at rest or during
activity. This similarity may be due to patients’ ability to self-administer opioids via IV-PCA until adequate pain relief
was achieved.?” Despite this, the total opioid consumption was comparable between groups.

Although the 0.25% bupivacaine group showed an early analgesic advantage, it did not lead to reduced overall opioid use or
improved pain scores during the first 24 hours postoperatively. This suggests that the effectiveness of the TAP block may depend
more on the volume of injectate and accurate anatomical placement than on anesthetic concentration.”® Regarding safety, no TAP
block—related complications—such as hematoma, LAST, or intraperitoneal injection—were observed in either group.

The use of ultrasound guidance, the addition of adrenaline, and the posterior approach for the TAP block likely
enhanced the block’s efficacy and minimized complications in this study. Previous research has shown that ultrasound
guidance improves both the effectiveness and safety of nerve blocks and allows for a lower minimum effective volume of
local anesthetic.”’ A prior study using the landmark technique for TAP block in KT patients found no reduction in
postoperative morphine requirements and suggested that ultrasound guidance could improve block success.’® The
addition of epinephrine to bupivacaine can prolong block duration by slowing systemic absorption.’’ We also employed
the posterior approach, which has been associated with reduced postoperative opioid use and longer analgesia duration
compared to the lateral approach.®? Additionally, all TAP blocks were performed by experienced anesthesiologists, which
likely contributed to the consistent success of the procedure. This contrasts with earlier studies that did not control for
operator experience and found no significant improvement in block efficacy over controls.*

The incidence of opioid-related adverse events was low and comparable between groups. Patient satisfaction was also
high in both groups, supporting the clinical acceptability of 0.125% bupivacaine.

Our findings indicate that both concentrations provide effective analgesia, reinforcing the use of lower bupivacaine
concentrations to reduce the risk of LAST while maintaining adequate pain control. This study builds on previous meta-
%12 confirming that a 0.125% bupivacaine TAP block is as safe and effective as the standard 0.25% in
reducing perioperative opioid use. These results align with ERAS recommendations, which emphasize optimizing both safety

analytic evidence,

and efficacy—especially in KT patients who are at increased risk for analgesic-related complications.”*

This study’s strengths include its randomized, double-blind design, use of standardized protocols, and comprehensive
evaluation of both efficacy and safety. Our findings help address existing evidence gaps by supporting the use of low-
dose local anesthetic regimens for TAP block in KT surgery.

However, several limitations should be considered. First, plasma bupivacaine levels were not measured. Given that
our patient population had impaired renal function, evaluating systemic bupivacaine exposure would have provided
important safety data. Without these measurements, our conclusions about toxicity are inferred rather than confirmed.
Second, because TAP blocks were performed under general anesthesia, we did not perform systematic postoperative
sensory mapping to document dermatomal coverage, and silent block failures cannot be completely excluded. Third, the
trial was powered only for the primary outcome; secondary endpoints were exploratory and may have been under-
powered. Accordingly, nonsignificant findings for these outcomes should be interpreted with caution. In addition, the
follow-up period was limited to 24 hours, preventing evaluation of long-term outcomes such as persistent postoperative
pain or delayed complications. Lastly, these results may not be generalizable to techniques involving continuous TAP
block or the use of adjuvant medications. Future studies should include plasma local anesthetic monitoring and longer
follow-up to assess long-term efficacy and safety, which are especially important in KT patients due to their heightened

risk of analgesic-related complications and chronic pain.

Conclusion

Ultrasound-guided TAP block using 0.125% bupivacaine provides comparable postoperative opioid consumption, analgesic
efficacy, and patient satisfaction to the standard 0.25% concentration in KT recipients, without an increase in adverse events.
Although the 0.25% group demonstrated a statistically longer time to first rescue analgesia, the 5-minutes difference is
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unlikely to be clinically relevant in the context of immediate [V PCA availability. These findings support the use of the lower
bupivacaine concentration for single-shot unilateral TAP blocks in KT recipients.
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