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Ultrasound-guided transversalis fascia plane
block versus lateral quadratus lumborum
plane block for analgesia after inguinal
herniotomy in children: a randomized
controlled non-inferiority study
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Abstract

Background Surgical repair of inguinal hernia is one of the most common day case surgeries in the pediatric
population. This study compared the postoperative analgesic effects of transversalis fascia plane block (TFB) versus
quadratus lumborum block (QLB) in children scheduled for open unilateral inguinal herniotomy.

Methods In this prospective, randomized, double-blind, controlled non-inferiority study, 76 eligible patients were
recruited. Patients were randomly allocated to either the TFB or QLB group. The primary outcome measure was the
proportion of patients who needed rescue analgesia during the first postoperative 12 h. The secondary outcomes
were, the time needed to perform the block, the postoperative FLACC score, intraoperative heart rate (HR) and mean
arterial pressure (MAP).

Results The proportion of patients who required a rescue analgesic was comparable (p=1.000) between the TFB
group (7/34, 20.5%) and the QLB group (6/34, 17.6%). The median [Q1-Q3] time needed to perform the block (min)
was significantly longer (p <0.001) in the QLB group (5[5]) compared with the TFB group. The postoperative FLACC
pain scale was comparable between the two groups at all-time points of assessment. There is no difference regarding
the heart rate and mean arterial blood pressure values at the time points that the values were recorded. (P> 0.005).

Conclusions Both TFB and QLB similarly provide good postoperative analgesia by reducing the proportion of
patients who required rescue analgesia, pain scores and analgesic consumption. Moreover, TFB is technically easier
than QLB.
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Background

Surgical repair of inguinal hernia is one of the most com-
mon day case surgeries in the pediatric population [1].
Adequate postoperative opioid-free analgesia and early
mobilization are basic components of day case surgeries.

Caudal analgesia in lower abdominal surgeries has
become unpopular among physicians because of its short
duration of analgesia, (4—6) h, and its potential adverse
effects including motor block, urine retention and the
accidental dural puncture. Currently, fascial blocks are
widely used for postoperative analgesia in patients sched-
uled for lower abdominal surgeries. Transversus abdomi-
nis plane block [2], ilioinguinal/iliohypogastric nerve
block [3], quadratus lumborum block (QLB) [4], trans-
versalis fascia plane block (TFB) [5], and erector spinae
plane block [6] have been used to provide analgesia after
pediatric lower abdominal surgeries.

In 2009, Hebbard described ultrasound-guided TFB
that targets the T12 and L1 spinal nerves [7]. In TFB the
local anesthetic is deposited at the level of posterior axil-
lary line in the layer between the transversus abdominis
muscle and its deep investing transversalis fascia [7]. The
use of TFB has been reported to be effective in control-
ling postoperative pain after caesarean delivery [8, 9],
inguinal hernia repair [5, 10], harvesting of iliac crest
bone graft [11], and pediatric ureteroneocystostomy [12].

The ultrasound-guided QLB was first described by
Blanco 2007 in which the local anesthetic is injected in
the space between abdominal wall muscles and the lat-
eral margin of the quadratus lumborum muscle [13]. The
injected local anesthetic in the potential space for QLB
spreads to the thoracic paravertebral space to block the
lateral and the anterior cutaneous branches from T7 to
L1 [14, 15].

The ultrasound-guided QLB provides effective postop-
erative analgesia following abdominal surgeries, such as
pediatric lower abdominal surgeries [4] caesarean deliv-
ery [16], laparoscopic hysterectomy [17], and appendec-
tomy [18].

In this study, we compared the postoperative analgesic
effects of TFB versus QLB in children scheduled for open
unilateral inguinal herniotomy using the proportion of
patients who required rescue analgesia as a primary out-
come. We hypothesized that the postoperative analgesia
provided by TFB would be non-inferior to QLB.

Methods

Ethics

This prospective, randomized, double-blind, con-
trolled non-inferiority study was approved by the Insti-
tutional Research Board of the Faculty of Medicine,
Mansoura University, Egypt on February 12, 2022, IRB
code (MS.22.01.1818). Patients were recruited after
registration of the study protocol with the Pan African
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Clinical Trials Registry (ID: PACTR202203673199781;
registration date: 30/03/2022). This study was conducted
at Mansura University Children’s Hospital from April to
November 2022 in accordance with the Helsinki Decla-
ration 2013 with good clinical practice. Informed writ-
ten consent was obtained from the parents or the legal
guardians of participants the day before surgery.

Patients

A total of 76 eligible patients were recruited. The inclu-
sion criteria were: (1) patients aged 1-5 years, regardless
of sex; (2) patients with American Society of Anesthe-
siologists physical (ASA) status I or II; (3) patients who
underwent elective open surgical repair of unilateral
inguinal hernia. The exclusion criteria were: (1) repeated
surgeries; (2) history of allergy to bupivacaine and other
amide local anesthetics; (3) infection at the site of block
needle entry; (4) bleeding diathesis; (5) neurological dis-
orders; (6) ASA>TII.

Randomization and blinding

Patients were randomly allocated to either the TFB or
QLB group, in a ratio of 1:1 using SPSS 28 software (Sta-
tistical Program for Social Sciences, SPSS Inc., Chicago,
Illinois, USA) by a physician who was not involved in the
data analysis. Patients group assignments were placed
in closed, opaque, sealed and sequentially numbered
envelops that were opened in the operating room before
induction of anesthesia. Ultrasound-guided TFB or QLB
were performed by a single anesthesiologist who have
good experience in the ultrasound-guided nerve blocks
and was not involved in any other related process accord-
ing to the patient group allocation. Patients, anesthesi-
ologist who was responsible for patients, surgeon, and
physician who was responsible for the postoperative care,
all were blinded to patient group allocation.

Anesthetic management

Patients were premedicated with oral midazolam syrup
0.5 mg/kg an hour before surgery. In the operating room,
basic monitoring including pulse oximetry, non-invasive
blood pressure cuff and 3 lead electrocardiography were
connected to the patient. Anesthesia was induced with
8% sevoflurane in oxygen/air mixture (50%). A 22-gauge
venous cannula was inserted to give fentanyl 1 ug/kg,
after the patient became deeply anesthetized, an I-Gel
supraglottic airway of appropriate size was inserted.
Anesthesia was maintained with 1-2% sevoflurane in
oxygen/air mixture (50%) and ventilation was assisted
spontaneous ventilation. At the end of surgery, the
patient received a single dose of intravenous ibuprofen
infusion 10 mg/kg.
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Ultrasound-guided TF and QL plane block technique
Ultrasound-guided TFB and QLB were performed in
the supine position after securing the airway with I-Gel
supraglottic airway by a single anesthesiologist who
have good experience in the ultrasound-guided nerve
blocks. The skin was sterilized with 10% povidone iodine.
The high frequency linear ultrasound transducer of the
GE Healthcare Vivid S5 ultrasound machine was also
wrapped with a sterilized plastic cover and placed over
the skin of the lateral abdominal wall at the midaxillary
line midway between the subcostal margin and the iliac
crest.

A- ultrasound-guided TFB

The linear transducer mark was directed upward and
moved to get an image showing the external oblique
muscle, internal oblique muscle, transversus abdominis
muscle, the transversalis fascia, and the lateral end of the
quadratus lumborum muscle (Fig. 1). A sonographic nee-
dle (22G, 50 mm, Stimuplex Ultra, B.Braun Melsungen
AG) was introduced through the abdominal wall muscles
using in-plane technique to reach the plane between
transversus abdominis muscle and transversalis fascia,
which was the target point of injection. Then, we injected
0.4 ml/kg bupivacaine 0.25%.

B- ultrasound-guided lateral QLB

Lateral QLB was performed following the same steps
used in TFB described above, but the target point of
needle tip position was the anterolateral border of the
quadratus lumborum muscle at its junction with the
transversalis fascia, where we injected 0.4 ml/kg bupiva-
caine 0.25%.

Postoperative management
The patient stayed in post-anesthesia care unit (PACU)
for 30 min, then was transferred to the surgical ward after

Fig. 1 Ultrasonographic images showing the anatomy of abdominal
wall muscles and the target points of injection for transversalis fascia
plane block (TFB), and quadratus lumborum (QLB); EOM: external oblique
muscle; IOM: internal oblique muscle; TAM: transversus abdominis muscle;
QLM: quadratus lumborum muscle
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the full awakening, the control of postoperative pain and
thermohemodynamic stability. The FLACC (Face, Leg,
Activity, Cry, Consolability) 10 points scale was used for
postoperative pain assessment. Intravenous paracetamol
10 mg/kg was given as a rescue analgesic if FLACC pain
score was 24. If FLACC pain score persisted 24, fentanyl
1 pg/kg was given. All patients were discharged from the
hospital after 12 h.

Outcome measures

The primary outcome measure was the number and pro-
portion of patients who needed rescue analgesia during
the first postoperative 12 h. The secondary outcomes
were, the time needed to perform the block, the post-
operative FLACC score, intraoperative heart rate (HR)
and mean arterial pressure (MAP), time to first analge-
sic request, postoperative paracetamol consumption, the
incidence of block-related complications, and parents’
satisfaction score using a 5-point Likert scale [19] (1=dis-
satisfied, 2=slightly satisfied, 3=moderately satisfied,
4=very satisfied, 5=extremely satisfied). The parents’ sat-
isfaction score was assessed at 12 h postoperatively, just
before discharge of the patient from hospital. The post-
operative FLACC pain score was measured at 30 min in
PACU and in surgical ward at 2 h, 4 h, 6 h, 9 h, and 12 h.
HR and MAP were recorded at the following time points;
basal before induction of anesthesia, after skin incision,
during the traction on hernia sac and at the end of sur-
gery. For patients who required rescue analgesia, the time
to first analgesic request and paracetamol consumption
during the first postoperative 12 h were recorded. The
possible complications that might be caused by the block
were local hematoma, local anesthetic toxicity, or muscle
weakness of lower limbs.

Sample size estimation and statistical analyses

Sample size was calculated using PASS 15 software. The
primary outcome was the proportion of patients who
required rescue analgesia in the first postoperative 12 h.
We used the results of previous studies in which the pro-
portion of patients who required rescue analgesia in TFP
block was 15% (3/20) in TFP block and 12% (3/25) in
QLB [4, 5]. We used the Z test for the difference between
2 proportions to calculate the required sample size.
Assuming that the non-inferiority margin is 0.25 (25%),
the required sample size was 30 patients per group with a
power of 80% and clinical significance at 0.05. The num-
ber of patients in each was increased to 38 to avoid the
probable dropouts.

Data analysis was done using IBM SPSS Statistics for
Windows, Version 28.0 (IBM Corp., Armonk, NY, USA).
At first, we used Shapiro—Wilk test to evaluate the nor-
mality of data distributions. Continuous variables data of
normal distribution are expressed as mean*SD (standard
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deviation) and variables data of abnormal distribution are
expressed as median (interquartile ranges, Q1- Q3). The
variables were compared using student’s t-test for data
of normal distribution or Mann—Whitney U-for data of
abnormal distribution. Categorical variables data are
expressed as numbers (percentage) and the Pearson’s chi-
square test or Fisher’s exact test was used for their com-
parison. The statistical significance was considered if P
was <0.05 at a confidence interval of 95%.

Results

We enrolled 78 patients, 10 were excluded and 68 com-
pleted the study. The final data analysis was performed
on 68 patients, 34 in TFB group and 34 in QLB group
(Fig. 2). There were no significant differences in patients’
demographic characteristics (age, gender, height, and
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weight), duration of surgery and duration of anesthesia
between the two groups (Table 1).

The postoperative analgesic profiles are presented in
Table 2. The proportion of patients who required rescue
analgesia was comparable (p=1.000) between the TFB
group (7/34, 20.5%) and the QLB group (6/34, 17.6%).
The sub-analysis of patients’ data who required rescue
analgesia showed that, paracetamol consumption in the
first postoperative 12 h and the time to the first analgesic
request were comparable between the two groups.

The median (IQR, [Q1- Q3]) time needed to performs
the block (min) was significantly longer (p<0.001) in the
QLB group (5[5]) compared with the TFB group (3[3])
(Table 1). Parents’ satisfaction Likert scale were compa-
rable between the two groups (Table 2). The postopera-
tive FLACC pain scale was comparable between the two
groups at all-time points of assessment (Table 3).

[ Enroliment ]

Assessed for eligibility (n=78)

Excluded (n=10)
| + Not meeting inclusion criteria (n=38)
"| + Declined to participate (n=2)

Randomized (n=68)

I

v [

L Allocation

| l

Allocated to TFB group (n=34)
+ Received TFB (n=34)
+ Did not receive TFB (n=0)

J

Allocated to QLB group (n=34)
+ Received QLB (n=34)
+ Did not receive QLB (n=0)

Y

)

Follow-Up ] .

Lost to follow-up (n=0)

Discontinued intervention (n=0)

Lost to follow-up (n=0)

Discontinued intervention (n=0)

Analysis ] v

Analysed (n=34)
+ Excluded from analysis (n=0)

Fig. 2 CONSORT Flowchart

J
Analysed (n=34)
+ Excluded from analysis (n=0)
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Table 1 The patient’s demographic data, block time, and duration of anesthesia and surgery

QLB group (n=34) TFB group (n=34) P value 95% Confidence Interval

Age, year 3[2-4] 2[2-4] 0511

Gender (Male/Female), n 29/5 28/6 1.000

Weight, kg 158+39 149+3.7 0.330 -0.94,2.76

Height, cm 93[85-104] 87[84-102] 0576

Time needed to perform the block, min 5[5-5] 3[3-3] <0.001*

Duration of surgery, min 444+6.1 456+59 0404 -4.17,1.70

Duration of anesthesia, min 582+73 59.1£65 0516 -4.22,2.51

Data are expressed as median (Q1-Q3), number (n), mean+SD (standard deviation)

*P<0.05 indicates statistical significance

Table 2 The number of patients required rescue analgesia, the time of first analgesic request, 12 h postoperative paracetamol
consumption for patients who required rescue analgesia and parents'satisfaction score

QLB group TFB group P value 95% Con-
fidence
Interval
Patients needed rescue analgesia n, (%) 6/34 (17.6) 7/34 (20.5) 1.000 (21-28) %
Time to first analgesic request, h 71423 75+23 0.762 -3.27,2.26
Postoperative paracetamol consumption, mg/kg 133+5.1 14.2+53 0.751 -7.39,5.49
Likert parents’satisfaction scale 4[3-4] 3[3-4] 0.573

Data are expressed as number (n, %), mean+SD (standard deviation), median (Q1-Q3).

Table 3 The postoperative FLACC pain score

FLACC measured at: QLB group TFB group P
(n=34) (n=34) value
30 min in PACU 1[0-2] 1.5[1-2] 0.39%4
2h 1[0-2] 101-2] 0497
4h 1[0-2] 111-2] 0474
6h 101-2] 111-2] 0.831
9h 101-2] 101-3] 0467
12h 2[1-3] 2(1-2] 0.923

Data are expressed as median (Q1- Q3)

There is no difference regarding the heart rate and
mean arterial blood pressure values at the time points
that the values were recorded. (P>0.005). (Table 4).

None of the patients who were included in this study
required opioid for postoperative analgesia. The block-
related complications (were local hematoma, local

anesthetic toxicity or muscle weakness of lower limbs)
were not reported in any patient who were included in
the study.

Discussion

This randomized, controlled non-inferiority study com-
pared the postoperative analgesia profile of TFB versus
QLB in children undergoing inguinal herniotomy. We
did not find statistically significant differences between
TFB and QLB in the proportion of patients who required
rescue analgesia and the postoperative pain score. How-
ever, the time needed to perform TFB was significantly
shorter compared with QLB. On sub-analysis of patients’
data who needed rescue analgesia, there were no signifi-
cant differences in the time to first analgesic request and
analgesic consumption between both groups. We did not

Table 4 Intraoperative heart rate (HR) (beat/min) and mean arterial pressure (MAP) (mmhg)

Time point QLB group (n=34) TFB group (n=34) P value 95% Confidence Interval
Baseline 117+£8 117+7 0.766 -3.33,4.51
HR 59+6 59+6 0.954 -2.94,3.11
MAP

Skin incision 124+9 122+7 0.504 -2.84,5.72
HR 6242 62+3 0.950 -3.84,3.60
MAP

Sac traction 121+£11 11949 0.557 -3.64,6.70
HR 57+9 57+2 0.653 -2.01,3.18
MAP

End of surgery 118+ 11 117+9 0.695 -4.19,6.25
HR 57+6 56+4 0.229 -1.07,443
MAP

Data are expressed as mean=£SD (standard deviation)
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report the incidence of any complication due to perform-
ing TFB or QLB.

In this study, the non-inferiority margin for the pro-
portion of patients who required rescue analgesia was
0.25 (25%) and the 95% confidence interval was (21-28)
%. Therefore, the non-inferiority of TFB to QLB was not
confirmed as the non-inferiority margin (25%) was lower
than the upper 95% confidence interval (28%).

Previous studies have demonstrated that both TFB and
QLB are effective in reducing postoperative pain scores
and analgesic consumption after inguinal hernia repair
[4, 5, 10]. Our previous study has shown the efficacy of
TFB in reducing the proportion of patients who required
postoperative rescue analgesia, FLACC pain score and
paracetamol consumption in children undergoing unilat-
eral inguinal hernia repair [5].

Lépez-Gonzélez et al. compared the postoperative
analgesic efficacy of ultrasound-guided the TFB versus
the transversus abdominis plane (TAP) block in adults
undergoing outpatient inguinal hernia repair [20]. They
found that the proportion of patients who required post-
operative rescue analgesia, the total amount of postop-
erative morphine consumption and pain scores were
similar between both groups. However, the TFB was
associated with a higher sensory block than TAP block.

An adult study by Fouad et al. used a similar methodol-
ogy to compare the postoperative analgesia profile of TFB
versus QLB in patients scheduled for unilateral inguinal
hernia repair [21]. They found that the proportion of
patients who required rescue analgesia and the postop-
erative pain scores were similar between the two groups.

Scimia et al. reported that the ultrasound-guided TFB
could provide a satisfactory analgesia and anesthesia of
the dermatomes innervated by T12-L1 nerves [22]. The
authors suggested that TFB could be used as an alterna-
tive to general anesthesia and the standard regional anal-
gesic technique in inguinal hernia repair. Rahimzadeh et
al. found that both TFB and TAP block produced similar
postoperative analgesic effects and satisfaction rate after
elective cesarean Sect. [23].

Oksiiz et al. compared the postoperative analgesia of
the QLB versus the TAP block in children who under-
went open surgery for unilateral inguinal herniotomy or
orchiopexy [4]. They found that the proportion of partici-
pants who required rescue analgesia in the first postop-
erative 24 h was significantly lower in the QLB compared
with the TAP block. Serenstua et al. found no difference
between QLB and TAP block in postoperative morphine
consumption and pain scores after laparoscopic hernia
repair in adults [24].

Ragab et al. in a randomized study, compared the
analgesic effects and parents’ satisfaction of quadratus
block versus the caudal block in children undergoing
open inguinal hernia repair [25]. They reported greater
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analgesic effects and more parents’ satisfaction with
QLB than the caudal block. Pang et al. found that QLB
combined with oxycodone patient controlled analgesia
was associated with good postoperative analgesia and
reduced postoperative opioid consumption after laparo-
scopic hepatectomy [26].

The main sensory innervation of the inguinal region
arises from T10-L2 nerves. The ilioinguinal and iliohypo-
gastric nerves originate from T12 and L1 nerves [27]. The
hernial sac is innervated by the genital branch of genito-
femoral nerve. In TFB, we injected the local anesthetic in
the plane between the transversalis fascia and the deep
aponeurosis investing the posterior tail of transversus
abdominis muscle. Therefore, in TFB, the ilioinguinal
and iliohypogastric nerves are blocked early before pen-
etrating the transversus abdominis muscle [28]. There is
possibility of the spread of the local anesthetic to the tho-
racic paravertebral space to block the ventral and dorsal
rami of the spinal nerves, therefore, TFB is effective in
controlling the visceral pain [29].

The main mechanism of QLB is the spread of the local
anesthetic along the thoracolumbar fascia to the para-
vertebral space to block the spinal nerves [30]. Cadaveric
studies [14, 31-33] showed the spread of the injected
contrast in cephalad direction to the thoracic paraver-
tebral and intercostal spaces blocking the subcostal,
ilioinguinal iliohypogastric nerves and occasionally geni-
tofemoral neve. The caudal spread of the contrast to the
lumbar nerves has been reported. The above findings can
explain the efficacy of QLB in controlling both somatic
and visceral pain.

Consistent with the findings of our study, Fouad et al.
[21] found that time needed to perform the TFB was sig-
nificantly shorter than QLB indicating that the TFB is
technically easier than QLB. This could be explained by,
in supine position, the target site of local anesthetic injec-
tion for TFB is more lateral and anterior than the injec-
tion target site for QLB.

The current study demonstrated good control of the
hemodynamic response to the intraoperative stressful
conditions such as skin incision and traction on the her-
nia sac in TFB and QLB groups because we performed
both blocks before skin incision. Tian et al. used different
concentration of ropivacaine for TFB in adult patients
undergoing laparotomy and found that the periopera-
tive HR and MAP were more stable and the postopera-
tive pain score was significantly lower with the medium
concentration than the low concentration of ropivacaine
[34].

In this study, the parents were satisfied from the post-
operative analgesia of TFB and QLB because the patients
were calm, comfortable and easily sleep. We did not
report the incidence of any complications related to the
block indicating the safety of both TFB and QLB.
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Our study has few important limitations. First, we did
not measure the serum concentration of bupivacaine
because of the unavailability of this analysis in our hos-
pital. Second, we did not assess the dermatomal sen-
sory spread of TFB and QLB because both blocks were
performed under general anesthesia. Third, we did not
evaluate the effect of TFB and QLB on the incidence of
chronic pain after inguinal hernia repair as this requires
the patients follow up for several months. Lastly, we
couldn’t accurately comment on the safety of TFB and
QLB because of the small sample size, therefore future
studies with larger sample size are required.

Conclusions Both TFB and QLB similarly provide good
postoperative analgesia by reducing the proportion of
patients who required rescue analgesia, pain scores and
analgesic consumption. Moreover, TFB is technically eas-
ier than QLB.

List to abbreviations

QLB Quadratus lumborum block

TFB Transversalis fascia block

ASA American Society of Anesthesiologists
PACU post-anesthesia care unit

FLACC  Face, Leg, Activity, Cry, Consolability
TAP Transversus abdominis plane

EOM External oblique muscle

IOM Internal oblique muscle
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