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Abstract

Background: Quadratus lumborum block (QLB) has been reported as an innovative analgesic procedure for enhanced recovery
after inguinal herniorrhaphy. However, it has never been compared with local infiltration anesthesia (LIA) as the sole anesthetic
technique in inguinal herniorrhaphy. This study aimed to compare the anesthetic efficacy of QLB and LIA for inguinal
herniorrhaphy. Methods: A total of 70 patients undergoing elective inguinal herniorrhaphy were randomly assigned to receive
either QLB or LIA. The primary outcome was the area under the curve (AUC) of the pain numeric rating scale (NRS) during
surgery. Secondary outcomes included anesthesia efficacy, consumption of additional local anesthetics for rescue analgesia, level
of intraoperative traction reaction, postoperative pain scores at rest and during movement, and adverse side effects. Results: The
QLB group had a significantly higher AUC for intraoperative NRS scores than the LIA group (15.7 3.1 vs 13.1 £3.6, 95% CI
for the difference: 1.23 to 4.17, P=0.002) and required a greater volume of rescue local anesthetics (11.0 £7.6 mL vs. 5.7 £6.4
mL, 95% CI for the difference: 1.05 to 9.55, P=0.02). However, the QLB group had lower scores for visceral traction reaction
[median 2.0 (interquartile range, IQR 2.0 to 2.3) vs. 2.0 (IQR 2.0 to 3.0), 95% CI for the median difference: -0.82 to -0.05,
P=0.026] and lower resting NRS pain scores at 12 h postoperatively. Conclusions: Both QLB and LIA can provide sufficient
analgesia for inguinal herniorrhaphy without the need for conversion to other anesthetic methods. LIA is more effective in
controlling intraoperative pain and reducing the consumption of rescue local anesthetics, while QLB is associated with milder
peritoneal traction reaction and better postoperative analgesia at 12 h after surgery. The combination of LIA and QLB is
hypothesized to be a more optimal anesthetic choice for inguinal herniorrhaphy, which requires further prospective clinical
research to verify this assumption.

Keywords

Analgesia, Inguinal Herniorrhaphy, Local Infiltration Anesthesia, Quadratus Lumborum Block

1. Introduction

Inguinal hernia is a common surgical disease with a partic- 2]. OIH can be performed under various anesthetic techniques,
ularly high prevalence in the elderly population, and open in-  among which local infiltration anesthesia (LIA) is widely used
guinal herniorrhaphy (OIH) is the main treatment method [1,
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in clinical practice for its advantages of reducing the con-
sumption of general anesthetics and opioids, promoting the
early recovery of gastrointestinal function, shortening hospital
stay, and reducing the incidence of postoperative complica-
tions [3]. However, LIA often cannot adequately relax the ab-
dominal wall muscles or effectively suppress visceral pain
during hernia sac manipulation and preperitoneal space sepa-
ration [4], especially in patients with giant inguinal hernias or
recurrent hernias, which may affect the surgical process and
patient comfort.

Quadratus lumborum block (QLB) is an innovative ultra-
sound-guided regional anesthesia technique that has been
proven to provide effective postoperative analgesia for a vari-
ety of abdominal and orthopedic surgical procedures [5, 6].
There are four different approaches for QLB, which differ in
the injection site of local anesthetics relative to the quadratus
lumborum muscle. The most common approach is to inject lo-
cal anesthetics between the quadratus lumborum muscle and
the psoas major muscle, where the drug can spread along the
thoracolumbar fascia to achieve anesthesia and analgesia of
the T6-L1 dermatomes. This technique is widely applied in
total hip arthroplasty, cesarean section, and nephrectomy, and
it has also been extended to pediatric abdominal surgical an-
algesia with promising results [7]. In addition, QLB can con-
sistently block the ilioinguinal and iliohypogastric nerves [8],
which are the primary innervating nerves of the inguinal re-
gion, suggesting that QLB has the potential to provide ade-
quate analgesia for OIH. Several case reports have confirmed
the feasibility of QLB as the sole anesthetic method for ingui-
nal hernia surgery [9-11], but there is no clinical trial that di-
rectly compares QLB with LIA as the sole anesthetic tech-
nique for OIH.

In recent years, ultrasound-guided regional nerve block has
been continuously optimized, and the application of QLB in
perioperative analgesia has been further expanded with the up-
date of ultrasound equipment and block techniques [12, 13].
Relevant studies have also confirmed that the safety and effi-
cacy of QLB in abdominal surgery have been significantly im-
proved with the standardization of operation procedures [14].
Therefore, we conducted a prospective, single-center, ran-
domized controlled trial to compare the anesthetic efficacy
and safety of QLB and LIA for OIH, with intraoperative pain
as the primary endpoint. The results of this study are expected
to provide new clinical evidence for the selection of anesthetic
methods for inguinal herniorrhaphy.

2. Materials and Methods

2.1. Study Design

This was a single-center, prospective, randomized con-
trolled clinical trial conducted at the West China Hospital of
Sichuan University from February to October 2019. Patients
were eligible for enrollment if they met the following criteria:
(1) ASA physical status I-111; (2) aged 18 years and above; (3)
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scheduled for elective primary unilateral open tension-free in-
guinal hernia repair; (4) able to cooperate with pain assess-
ment and postoperative follow-up. Exclusion criteria included:
(2) daily consumption of opioid analgesics before surgery; (2)
allergy to local anesthetics or analgesic drugs used in the study;
(3) coagulation dysfunction or use of anticoagulant drugs; (4)
localized infection at the surgical site or lumbar region; (5)
mental or neurological disorders with impaired cognitive
function; (6) preoperative neuropathological changes in the
inguinal or lumbar region; (7) history of inguinal hernia repair
surgery; (8) giant inguinal hernia or incarcerated hernia re-
quiring emergency surgery.

2.2. Study Approval and Trial Registration

This study was approved by the Ethical Committee of West
China Hospital of Sichuan University (Ethical Committee no.
2018/368) in January 2019, and registered in the Chinese Clin-
ical Trial Registry (registration no. ChiCTR1900021210,
http://www.chictr.org.cn/showproj.aspx?proj=35782). All pa-
tients provided written informed consent before enrollment,
and the study was conducted in strict accordance with the Dec-
laration of Helsinki.

2.3. Randomization and Allocation
Concealment

After obtaining written informed consent, patients were
randomly assigned to the QLB group or LIA group at a 1:1
ratio using a computer-generated random sequence by an in-
dependent statistician who was not involved in the study im-
plementation and outcome assessment. Allocation conceal-
ment was achieved using the sealed envelope method: the ran-
dom assignment results were sealed in opaque envelopes,
which were opened only by the anesthesiologist performing
the block after the patient entered the operating room. Patients,
researchers responsible for data collection, clinicians as-
sessing block efficacy, and outcome evaluators were all
blinded to the group allocation. The surgeon who performed
the surgery was not blinded due to the need for layer-by-layer
LIA and administration of rescue local anesthetics, but the sur-
geon was not involved in the outcome assessment. The non-
blinded surgeon may have had potential subjective biases in
the administration of rescue local anesthetics during the oper-
ation, but the influence of this bias on the primary outcome
was minimized because the intraoperative NRS score was
evaluated by an independent blinded outcome assessor, and
the rescue medication was administered according to a unified
NRS score threshold (>4 points) with no discretionary adjust-
ment by the surgeon.

2.4. Preoperative Management

On the day before surgery, the investigator explained the
study protocol and the use of the NRS for pain assessment (0
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=no pain, 10 = the worst pain imaginable) to the patients, and
trained the patients to correctly score their pain. On the day of
surgery, all patients fasted for 8 h and abstained from water
for 4 h before surgery, with no premedication administered.
After entering the operating room, all patients received stand-
ard anesthesia monitoring, including electrocardiography,
pulse oximetry, and non-invasive blood pressure measure-
ment (measured every 5 min). Supplemental oxygen (2-3
L/min) was administered via a facial mask, and sodium lactate
Ringer’s solution was intravenously infused at a rate of 5
mL/kg per hour for fluid resuscitation.

2.5. Anesthetic Procedure

All patients first received real or sham anterior QLB in the
lateral decubitus position with the surgical side upward, fol-
lowed by sham or real LIA in the supine position after return-
ing to the supine position. Specifically, patients in the QLB
group received ultrasound-guided anterior QLB with 30 mL
of 0.33% ropivacaine on the surgical side, combined with
sham LIA (1 mL of 2% lidocaine injected subcutaneously at
the planned surgical incision). Patients in the LIA group re-
ceived sham QLB (1 mL of 2% lidocaine injected subcutane-
ously at the lumbar region of the surgical side) combined with
layer-by-layer LIA at the planned surgical incision with low-
concentration local anesthetics.

2.5.1. QLB Protocol

Preoperative ultrasound-guided anterior QLB was per-
formed by the same anesthesiologist with more than 5 years
of experience in ultrasound-guided regional anesthesia. A
sterile low-frequency convex ultrasound probe (5 MHz; Ane-
sus ME7, Mindray, Shenzhen, China) was disinfected with
iodophor and covered with a sterile probe sheath. The probe
was placed laterally between the iliac crest and costal arch on
the surgical side to identify the three layers of the abdominal
wall muscles (external oblique, internal oblique, and trans-
verse abdominis muscles). The probe was then slowly moved
posteriorly to clearly identify the "Shamrock sign" composed
of the quadratus lumborum muscle, psoas major muscle, and
erector spinae muscles. After subcutaneous injection of 1 mL
of 2% lidocaine for local analgesia at the needle insertion site,
a 21-gauge, 100-mm needle (Uni-Plex Nanoline, Germany)
was inserted into the fascial space between the quadratus lum-
borum muscle and psoas major muscle using the in-plane
technique from the caudal to cranial direction. After the needle
tip was placed in the target space, 3-5 mL of normal saline was
injected for hydro-dissection to confirm the correct needle tip
position (no intravascular or intraperitoneal injection). After
confirmation, 30 mL of 0.33% ropivacaine was slowly in-
jected at a rate of 5 mL/min, and the spread of the local anes-
thetic was observed in real time by ultrasound to ensure that
the drug was evenly distributed in the target fascial space. At
20 min after the completion of QLB, sensory block efficacy
was evaluated by another anesthesiologist who was blinded to
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the group allocation using the pin-prick test with von Frey fil-
aments. The sensory block range was assessed from the T8 to
L2 dermatomes, and only patients with effective sensory
block (pin-prick pain significantly reduced or disappeared) in
the T11-L1 dermatomes were allowed to undergo surgery. Pa-
tients who did not achieve effective sensory block in the T11-
L1 dermatomes received general anesthesia and were ex-
cluded from the study.

2.5.2. LIA Protocol

Layer-by-layer LIA was performed in the supine position
by the same surgeon with more than 30 years of experience in
inguinal herniorrhaphy before skin incision. The local anes-
thetic solution (LAs) was prepared by a nurse anesthetist be-
fore surgery, consisting of 0.25% lidocaine hydrochloride
(400 mg), 0.06% ropivacaine hydrochloride (100 mg), and 0.2
mg epinephrine (1:700,000) in a total volume of 160 mL of
normal saline. A total of 60 mL of the prepared LAs was ad-
ministered to each patient with a 10-mL syringe and a 22-
gauge needle using a stepwise infiltration method: (1) 10 mL
of LAs was injected subcutaneously from the pubic tubercle
to 1 cm above the midpoint of the inguinal ligament (internal
inguinal ring); (2) 5 mL of LAs was injected intradermally
along the planned surgical incision; (3) 6 mL of LAs was in-
jected into the inguinal canal; (4) 4 mL of LAs was injected at
the pubic tubercle; (5) 10 mL of LAs was carefully injected
into the internal inguinal ring (avoiding intravascular injection
by aspirating before injection); (6) after skin incision and sub-
cutaneous fascia dissection, 10 mL of LAs was injected into
the subaponeurotic space of the external oblique aponeurosis;
(7) after opening the external oblique aponeurosis and mobi-
lizing the spermatic cord, 5 mL of LAs was injected on each
side of the spermatic cord structure; (8) finally, 10 mL of LAs
was injected around the internal inguinal ring (for indirect her-
nia) or under the transverse fascia (for direct hernia). During
the infiltration process, the needle was aspirated before each
injection to avoid intravascular injection of local anesthetics.

2.6. Intraoperative and Postoperative
Management

Intraoperative pain was assessed using the NRS at each key
surgical time point, and rescue local anesthetics (2% lidocaine)
were administered intravenously or locally if the patient’s
NRS pain score was > 4. If the NRS pain score remained
above 4 after the administration of the maximum dose of res-
cue local anesthetics (20 mL), the anesthetic method was con-
verted to general anesthesia, and the case was considered an
anesthetic failure. Intraoperative heart rate and non-invasive
blood pressure were maintained within #15% of the baseline
values; if there were significant fluctuations, vasoactive drugs
were administered for correction according to the clinical rou-
tine. All surgical procedures were performed by the same sur-
geon using the Ultrapro Hernia System (Johnson & Johnson,
USA) and Prolene Hernia System for mesh placement.
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After the operation, the patient was transferred to the post-
anesthesia care unit for observation for 2 h, and abdominal ul-
trasonography was performed by the same anesthesiologist to
assess for potential block-related complications such as hema-
toma, organ injury, or local anesthetic effusion. After being
transferred to the general ward, 10 mg of dezocine was intra-
venously administered at 6 h postoperatively as routine post-
operative analgesia, and patients were encouraged to resume
early ambulation and oral liquid diet. If the patient’s postop-
erative NRS pain score was > 4 and required additional anal-
gesia, 50 mg of tramadol hydrochloride was intravenously ad-
ministered as rescue analgesia.

2.7. Outcomes

The intraoperative pain scores were recorded at different
time points, including skin incision (T1), opening of the exter-
nal oblique aponeurosis (T2), release of the hernial sac (T3),
preperitoneal space separation (T4), mesh insertion (T5), and
incision closure (T6). The primary endpoint was defined as
the area under the curve (AUC) of the NRS scores measured
at these time points. Secondary outcomes included the follow-
ing: (1) anesthesia efficacy based on the number of patients
who required conversion to other anesthesia methods, (2) vol-
ume of rescue LAs for additional analgesia, (3) level of in-
traoperative traction reaction at T1-T6 using a four-point scale
(1, no pain and discomfort, no nausea and vomiting; 2, mild
discomfort and nausea, no pain and vomiting; 3, nausea, mild
pain, no vomiting; 4, obvious pain, nausea, vomiting, and flat-
ulence), (4) postoperative pain score at rest and during move-
ment, (5) postoperative analgesics consumption, and (6) side
effects.

2.8. Statistical Analysis

All calculations were conducted using the Power Analysis
and Sample Size software (version 11.0; NCSS, Kaysville,
Utah, USA) and data from our pilot study, in which 10 patients
were randomly divided into two equal groups to receive QLB
or LIA. The mean AUC for intraoperative NRS scores was
15.4 +2.8 for QLB and 13.3 2.3 for LIA. Using a two-group
t-test with a power of 90% and a significance level of 0.05, we
concluded that a minimum sample of 31 subjects per group
was required. To account for drop-outs, we aimed to recruit at
least 35 in each arm.

Statistical analysis was performed using the SPSS software

package (version 25.0; IBM, Armonk, New York, USA). Nor-
mally and non-normally distributed variables were presented
as mean = standard deviation (SD) or median (interquartile
range, IQR). Wilcoxon tests were used to analyze ordinal data.
Differences between groups were evaluated using the inde-
pendent t test for continuous variables and Fisher’s exact test
for categorical variables. The AUC of intraoperative NRS
scores was calculated using the trapezoidal rule [15]. All P
values were presented as two-tailed values, and a P value <
0.05 was considered statistically significant with 95% confi-
dence intervals (CI) reported for all key continuous outcome
measures.

3. Results

A total of 73 patients were initially screened, 70 of whom
were enrolled in the study. One patient in the QLB group was
excluded for refusing to cooperate with postoperative evalua-
tions, and 69 patients ultimately completed all required assess-
ments (Figure 1). The average age of patients in both groups
exceeded 70 years, with more than 50% classified as ASA |11
(Table 1). No statistically significant differences were ob-
served in baseline characteristics between the two groups, and
intraoperative hemodynamics remained stable in both groups
throughout the surgical procedure.

Enroliment Assessed for eligibility (n=73)
Excluded (n=3)
+ Not meeting inclusion criteria (n=3)
+ Declined to participate (n= 0)
Randomized (n=60)
l L Allocation ) l
Allocated to QLB group (n=30) Allocated to LIA group (n=30)
+ Received allocated intervention (n=0) + Received allocated intervention (n=0)
+ Did not receive allocated intervention (n=0) + Did not receive allocated intervention (n=0)
l Follow-Up l
Lost to follow-up (n=1) Lost to follow-up (n=0)
Discontinued intervention (n=0) Discontinued intervention (n=0)
l Analysis l
Analyzed (n=29) Analyzed (n= 30)
+ Excluded from analysis (n=0) + Excluded from analysis (n=0)

Figure 1. Study flowchart.

Table 1. Patient characteristics and surgical values.

Variable QLB

Age (Y) 71.0411.6

LIA P-value

71.8+10.5 0.781
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Variable QLB LIA P-value
Sex (F/M) 3/31 6/29 0.504
BMI (kg/m?) 23.382.2 229485 0.517
ASA (11/111) 16/18 18/17 0.717
Hernia type (indirect/direct) 23/11 27/8 0.377
Surgical duration (min) 28.3%.9 279474 0.813

Data are presented as mean =*standard deviation and counts. Abbreviations: ASA: American Society of Anesthesiologists; BMI: body mass
index; LIA: local infiltration anesthesia; QLB: quadratus lumborum block.

3.1. Primary Outcome

Neither the QLB nor the LIA group required conversion to
alternative anesthetic techniques. However, the intraoperative
NRS AUC was significantly lower in the LIA group compared
with the QLB group (13.1 £3.6 vs. 15.7 3.1, 95% CI: 1.23
to 4.17, P = 0.002, independent t test; Figure 2). Specifically,
the LIA group exhibited lower NRS scores at three key time
points: skin incision (T1), opening of the external oblique ap-
oneurosis (T2), and incision closure (T6), with P < 0.001, P <
0.001, and P = 0.025 respectively (Table 2). No significant
differences in NRS scores were found between the two groups
at other time points (Table 2).

—

LA

QB

Figure 2. Bar plot of the area under the curve (AUC) for intraoper-
ative numerical pain rating scale with 95% confidence intervals.

Table 2. Intraoperative numerical rating scale (NRS) at different time points.

Time point QLB

T1 3(3,9)
T2 3(3.4)
T3 4(3,4)
T4 3.5(2,4)
T5 2.5(2,3)
T6 1(1,2)

LIA P-valuet
3(2,3) 0.002
3(2,3) <0.001
3(3,4) 0.204
3(2,4) 0.095
2(2,3) 0.150
1(0,1) 0.025

Data are presented as median (interquartile range). TWilcoxon rank-sum test used to compare medians between the groups. LIA: local infiltra-
tion anesthesia; NRS: numerical rating scale; QLB: quadratus lumborum block. T1 means the time point of skin incision, T2 means the time
of opening the external oblique aponeurosis, T3 means releasing of the hernial sac, T4 means separating the preperitoneal space, T5 means

inserting the mesh, T6 means sewing up the incision.

3.2. Secondary Outcomes

All patients in the QLB group achieved effective sensory
block in the T11-L1 region 20 minutes after block administra-
tion. The volume of additional local anesthetics (LAS) re-
quired was significantly higher in the QLB group than in the
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LIA group (11.0 7.6 mL vs. 5.7 £6.4 mL, 95% CI: 1.05 to
9.55, P =0.02), with the highest demand occurring during skin
incision (QLB 2.6 2.1 mL vs. LIA 0.8 1.4 mL, 95% CI:
1.01t0 2.59, P <0.001). Furthermore, the QLB group showed
a lower level of traction reaction at mesh insertion (T5) com-
pared with the LIA group [2.0 (2.0 to 2.3) vs. 2.0 (2.0 to 3.0),
95% CI: -0.79 to -0.04, P = 0.03].
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At 12 hours postoperatively, the resting NRS score was
lower in the QLB group than in the LIA group (95% CI: -1.12
to -0.08, P=0.014), while no significant differences were de-
tected at other postoperative time points or during movement
(Figure 3). There were also no notable differences between the
two groups in postoperative adverse events, including nausea,
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vomiting, dizziness, itching, or urinary retention. No patient
experienced block-related complications such as hematoma,
organ injury, or anesthetic toxicity. Two patients in each group
required 50 mg of tramadol hydrochloride for supplementary
analgesia, and all patients were able to ambulate 6 hours after
surgery and were discharged within 24 hours.
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Figure 3. Postoperative pain intensity on an NRS from 0 to 10 when the patient was (A) at rest or (B) in movement.

4. Discussion

This study compared the anesthetic effectiveness of QLB
and LIA in open inguinal herniorrhaphy (OIH). The results
showed that both methods could provide sufficient anesthesia,
eliminating the need for conversion to other anesthetic ap-
proaches and avoiding serious adverse effects or complica-
tions such as hematoma, anesthetic toxicity, or limb weakness.
While LIA was more effective in controlling intraoperative
pain and reducing the volume of rescue LAs, QLB was asso-
ciated with less traction response and improved postoperative
analgesia. Thus, the combination of LIA and QLB is hypoth-
esized to represent a more optimal choice for inguinal herni-
orrhaphy, which warrants further prospective clinical investi-
gation to validate this hypothesis.

The incision for OIH is made 1 finger-width below the in-
ternal inguinal ring but above the inguinal ligament [16]. This
procedure is typically performed in the T12-L1 region, where
the iliohypogastric nerve innervates the skin over the inguinal
area, and the ilioinguinal nerve innervates the hernia sac, me-
dial thigh, anterior scrotum, and labia [17]. The similar anes-
thetic efficacy of QLB and LIA in this study can be attributed
to the effective diffusion of local anesthetics to these two
nerves through different mechanisms. Cadaveric studies have
demonstrated that dyes can directly spread to the L1-3 nerve
roots following anterior QLB injection at the L3-4 level [18].
Since the iliohypogastric and ilioinguinal nerves originate
from the L1-L2 spinal nerves [19], we hypothesize that ante-
rior QLB blocks these nerves by facilitating the diffusion of
local anesthetics into the thoracolumbar paravertebral space
and the roots and branches of the lumbar nerves. In contrast,
LIA directly blocks the small nerve branches in the inguinal
region.
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Numerous case reports have confirmed that QLB can be
used as a sole anesthetic method for inguinal surgery [9-11].
A previous randomized controlled trial found that QLB is
safer and more effective than general anesthesia for patients
undergoing endoscopic extraperitoneal inguinal repair, as it
alleviates early postoperative pain, shortens hospital stay, and
reduces anesthesia-related and overall hospital costs [10].
Consistent with these findings, our study revealed that QLB
combined with rescue LAs provides favorable anesthetic effi-
cacy. Recent clinical studies have also shown that the applica-
tion of QLB in elderly patients undergoing abdominal surgery
can significantly reduce perioperative opioid consumption and
improve postoperative recovery quality [20], which is con-
sistent with the results of our study in elderly OIH patients.

Although the success rate of regional anesthesia is com-
monly used to evaluate anesthetic efficacy, our trial went fur-
ther by comparing intraoperative pain between the QLB and
LIA groups, as our preliminary study found that neither group
required conversion to other anesthetic methods. Our results
indicated that LIA was superior to QLB in terms of intraoper-
ative NRS AUC and the volume of rescue LAs needed. Even
after achieving successful dermatomal sensory block, QLB
provided less effective analgesia, particularly at superficial
surgical sites such as the skin incision. This may be because
QLB requires a longer time to exert its analgesic effect, with
an onset time of approximately 20 minutes [21], which is why
we evaluated the analgesic effect 20 minutes after QLB com-
pletion. In our hospital, some patients undergo surgery 1 hour
after QLB administration due to scheduling adjustments and
usually do not require additional LAs during surgery, suggest-
ing that a longer interval after QLB may promote drug diffu-
sion and enhance the analgesic effect. Additionally, since the
hernia sac is partially innervated by the genital branch of the
genitofemoral nerve, the high pain scores during skin incision
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may also result from incomplete blockade of this nerve [22].
Cadaveric studies on anterior QLB have shown that only ap-
proximately 30% of genitofemoral nerves can be stained by
the anesthetic [22, 23]. Based on these observations, we pro-
pose that infiltrating additional LAs at the incision site in QLB
patients may achieve intraoperative pain control comparable
to that of LIA.

To our knowledge, this is the first randomized controlled
trial to compare the anesthetic efficacy of QLB and LIA. LIA
is a common, safe clinical practice with a long history and an
important role in inguinal hernia repair [24, 25]. However, it
is difficult to perform in patients with giant hernias, recurrent
hernias, or obesity due to scar adhesion, nerve injury at the
surgical site, or limited diffusion of local anesthetics in the ad-
ipose layer [26]. Such patients may benefit more from QLB,
especially when combined with small additional doses of res-
cue LAs. A recent retrospective study has confirmed that QLB
has better applicability than LIA in obese patients undergoing
abdominal hernia repair [27], which further supports our
above inference. In fact, we have applied QLB as the sole an-
esthetic method in an elderly high-risk patient undergoing gi-
ant inguinal hernia repair, achieving satisfactory results (un-
published data). However, none of the patients enrolled in this
study had giant hernias or obesity, and those with recurrent
hernias were excluded. Therefore, further research is needed
to determine whether QLB is superior to LIA in these specific
patient populations.

Nevertheless, this study provides evidence that QLB yields
better postoperative analgesia than LIA. Postoperative pain in
OIH is mainly caused by surgical incision, peritoneal traction
from the mesh, and intraoperative nerve injury [28, 29], which
can lead to complications, delayed recovery, and patient dis-
satisfaction. While LIA can only provide adequate analgesia
for the surgical incision, QLB can also alleviate pain from per-
itoneal traction. Indeed, our study found that QLB was asso-
ciated with reduced peritoneal traction during hernia sac re-
duction. Although the difference in traction response between
the two groups may not be clinically significant, it may still
improve patient comfort, as QLB can inhibit visceral pain by
facilitating the diffusion of local anesthetics into the paraver-
tebral space [30]. The larger volume of LAs administered to
the QLB group may also have contributed to its enhanced
postoperative analgesia.

The different volumes of local anesthetics injected in the
two groups merit discussion. QLB is an interfacial plane block
that requires a large volume of LAs for successful blockade;
30 mL of 0.33% ropivacaine has been reported to be effective
and safe [31]. In contrast, LIA relies on the diffusion of local
anesthetics around target nerves, and the concentrations and
volumes used in the LIA group of our study have been shown
to be safe and applicable for routine clinical practice [32]. Alt-
hough the quadratus lumborum muscle is located in the deep
spine, it is far from major nerves and blood vessels, so the risk
of visceral organ injury under ultrasound guidance is low. This
explains why no such injuries were observed in the QLB
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group, nor were other complications such as block-induced
hypotension or limb weakness. In fact, all QLB patients were
able to ambulate 6 hours after surgery. In contrast, the needle
direction during LIA cannot be visualized, increasing the risk
of accidental vascular puncture or local anesthetic toxicity.
However, the clinician who performed LIA in our study had
extensive experience with this technique in OIH and only in-
jected LAs after adequate needle aspiration to prevent intra-
vascular infusion.

The findings of this study should be interpreted with cau-
tion due to several limitations. First, sensory block in the sur-
gical area was assessed preoperatively to exclude cases of un-
successful QLB. Although both groups underwent sham pro-
cedures, QLB patients may have been aware of their treatment
allocation, and surgeons could distinguish between the groups
because they performed LIA and administered rescue LAS.
However, the outcome evaluator was not involved in block
administration and was unaware of treatment assignments,
which helped reduce potential bias. Another limitation is that
all blocks were performed by the same two principal investi-
gators. While this reduced confounding in outcome analysis,
it may not accurately reflect real-world clinical practice, as
QLB and LIA efficacy depends on operator skill. In addition,
the single-center design of this study may limit the generali-
zability of the results, and multi-center randomized controlled
trials with larger sample sizes are needed for further verifica-
tion.

5. Conclusions

In conclusion, both QLB and LIA can meet the analgesic
requirements of OIH without the need for alternative anes-
thetic methods. QLB is associated with reduced peritoneal
traction and improved postoperative analgesia at 12 h, while
LIA is superior in controlling intraoperative pain and reducing
rescue LA volume. It is hypothesized that the combination of
QLB with LIA may provide more optimal anesthesia for OIH,
and this hypothesis has not been directly tested in the present
study and thus requires confirmation in subsequent well-de-
signed clinical trials with larger, more clinically diverse sam-
ples and different rescue LA administration time points. These
findings should be verified and expanded in future studies
with larger, more clinically diverse samples, where rescue
LAs are administered at different time points.
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