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Abstract

Purpose
The study is aimed to compare ultrasound (US) guided caudal epidural block (CEB) and transversus
abdominis plane block (TAPB) on postoperative pain scores, additional analgesic requirement and
chronic pain development in pediatric bilateral open IHR.

Methods
Seventy patients aged 1–7 years undergoing bilateral open IHR were included in this prospective,
randomized, double-blind study. Patients were randomized into group T (Bilateral TAPB) and group C
(CEB). Postoperative FLACC scores were evaluated for pain density. If the FLACC score is more than 3;
paracetamol 15 mg/kg was administered and this was recorded as an additional analgesic requirement.
Chronic pain is evaluated with the “revised Bieri faces pain scale” in the postoperative 2nd month.

Results
The study was completed with 60 patients. Postoperative 15th, 30th, 45th minute, 1st, 2nd, 12th hour
FLACC scores were similar in both groups. 6th and 24th hour FLACC scores were signi�cantly lower in
Group T. Additional analgesic requirement was also lower in Group T. Chronic pain development did not
differ between the groups.

Conclusion
For bilateral IHR, US-guided CEB and TAPB have similar analgesic e�cacy in the �rst 6 hours,
postoperatively. However, our results exhibited that TAPB provides superior analgesia than CEB during the
postoperative 24 hours.

Introduction
Inguinal hernia repair (IHR) is the second common operation in pediatric surgery practice following
appendectomy, and bilateral repair is needed in 10.9% of these cases due to presence of contralateral
inguinal hernia [1, 2]. After IHR, the children generally experiences mild to moderate, and occasional
severe pain [3, 4]. For pediatric population the prevalence of chronic pain after IHR is 5% which is a solid
cause for severe pain [5].

Adequate pain control is a crucial part of perioperative management to reduce morbidity and ensure
family and patient satisfaction, especially after pediatric surgeries [6]. Although there are substantial
studies to show how to assess and manage the postoperative pain in children, the pain control is often
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not achieved [7]. Several analgesic regimens including systemic medications and/or regional analgesia
methods may be preferred by clinicians [7]. As previous studies revealed; best combination for pain
management after pediatric IHR is still obscure [7]. The e�cacy and safety of the blocks, the lower
effectivity of nonsteroidal anti-in�ammatory drugs alone and the side effects of opioids have increased
the use of regional analgesia methods in pediatric population [8, 9].

Caudal epidural block (CEB) and transversus abdominis plane block (TAPB) are the two regional
analgesia methods which may be chosen for multimodal analgesia. CEB is accepted as gold standard for
lower abdominal surgeries in children which diminishes somatic and visceral pain with a duration of 6
hours [10]. TAPB is another regional analgesia method which covers only somatic pain up to 24 hours
postoperatively with lower complication rates compared to CEB [8, 10]. The results of clinical studies
examining the effects of CEB and TAPB on early postoperative pain after pediatric IHR are con�icting.
Currently, the effects of these blocks on the incidence of chronic pain after pediatric IHR is not well-
investigated in the literature. As a matter of fact, there are no recommendations for bilateral IHR in
pediatric postoperative pain guidelines, despite these surgical procedures being an independent risk
factor for severe pain [3, 7].

In this randomized study, we aimed to compare the effects of ultrasound (US) guided CEB and TAPB on
postoperative analgesia. Our hypothesis was that bilateral TAPB block will be equally effective as CEB in
the early postoperative period and the analgesic duration will be longer than CEB. Our primary outcome
was FLACC (face, legs, activity, cry, consolability) scores for postoperative 24 hours. The secondary
outcomes included additional analgesic requirements, postoperative nausea vomiting incidence,
procedural complications, length of hospital stay, family and surgeon satisfaction and chronic pain
development at the postoperative 2nd month.

Methods

Study Design and Participants
This prospective, randomized and double-blind clinical study was conducted after the approval of
Istanbul University Istanbul Medical Faculty Clinical Research Ethics Committee (2017/1123) and
registered to clinicaltrial.gov (NCT05286190). Between 1 October 2017 and 31 October 2018, patients
aged 1–7 years who were scheduled for elective bilateral open IHR in the pediatric surgery clinic of our
hospital were included in the study. Patients with relative or absolute contraindications to TAPB or CEB,
patients with chronic constipation or chronic pain disorders that may affect the evaluation of
postoperative pain scores, patients who underwent emergency surgery, and patients with a history of
allergic reaction to local anesthetics were excluded from the study. The parents or legal guardians of the
patients who met the inclusion criteria were informed about the study one day before the operation, and
their written consent was obtained.

Randomization and Blinding
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Participants were randomized into TAPB group (Group T) or CEB group (Group C) using opaque sealed
envelope method. All blocks were performed under general anesthesia. Postoperative pain follow-ups
were performed by another anesthesiologist who was blinded to blocks. After the blocks were completed,
dressing was applied to all potential needle entry points to prevent revealing the blinding.

Intervention
Patients were premedicated with 0.5 mg/kg midazolam per oral 30 minutes before anesthesia induction.
The induction was performed via sevo�urane, nitrous oxide and oxygen mixture inhalation. After the
venous vascular access was established, 1 mcg/kg fentanyl and 0.5 mg/kg rocurnium were administered
to intubate the patient.

All blocks were performed by the same anesthesiologist (MSK) who has at least �ve years of experience
in US-guided CEB and US-guided TAPB. The blocks were applied with the GE Logiq e Portable Ultrasound
Machine with a 3–12 Mhz linear probe (General Electric Healthcare, United States). Prede�ned uniform
methods were used during block performance.

Both of the blocks were applied under aseptic conditions, CEB was applied to the patients in group C in
the lateral decubitus position. A linear USG probe (3–12 Mhz, GE Healthcare, USA) was placed
transversally where the sacral cornua were palpated. Afterwards, the orientation of the probe was
changed to the sagittal plane and a 22 G atraumatic caudal block needle (B. Braun, Melsungen,
Epicanpaed caudal) was advanced in-plane until the sacrococcygeal ligament puncture was felt. After
con�rming the presence of caudal epidural space with negative blood aspiration, 1 ml/kg bupivacaine
0.25% was administered. Proper distribution of local anesthetics was con�rmed by sacral canal dilatation
or ventral displacement of dura with ultrasonography. Patients who were not achieved proper local
anesthetic distribution was planned to exclude from the study.

TAPB was performed in supine position with lateral technique. USG probe (Linear, 3–12 Mhz, GE
Healthcare, USA) was placed sagittally on the midaxillary line. The external oblique, internal oblique, and
transversus abdominus muscles were visualized. After puncturing the skin with a peripheral block needle
(22G, 50 mm, Stimuplex Ultra 360, Braun), the needle was advanced to the fascial plane between the
internal oblique and transversus abdominis muscles. At this point, 0.5 ml/kg of 0.25% bupivacaine was
administered. Proper distribution of local anesthetics was con�rmed by enlargement of the intermuscular
fascial space. The same procedure was then applied to the contralateral side. If the proper local
anesthetic distribution was not achieved, the patient was planned to exclude from the study.

All patients were given 15 mg/kg paracetamol IV before the surgical closure as a standard procedure.
Children were transferred to the recovery room where the �rst postoperative evaluation is made after safe
extubation. Acute pain was assesed by using FLACC (0: relaxed and comfortable, 10: severe
discomfort/pain) scores at the postoperative 15th, 30th, 45th minute and 1st, 2nd, 6th, 12th, 24th hour.
Once the pain score was higher than 3, 15 mg/kg paracetamol IV or per oral was administered (4-hour
intervals between the doses and the 60 mg/kg maximum dose was taken into consideration) and it was
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Results
Ten of 70 patients were dismissed from the trial due to the loss to follow-up and postoperative analgesic
regimen. The study was completed with 60 patients in which equal number of patients were included in
each group with a number of 30 (Fig. 1).

Demographic data such as age, gender, weight and height of the patients were similar between the
groups (p > 0,05). In patients in Group T compared to patients in Group C, the duration of anesthesia
(69,34 ± 5,7 min vs. 65,59 ± 5,0 min; respectively; p = 0,03) and duration of surgery (50,77 ± 5,3min vs.
47,04 ± 7,4 min; respectively; p = 0,03) were found to be longer. However, the duration of hospital stay was
found to be shorter in patients in Group T compared to patients in Group C (10,31 ± 2,4 hours vs. 14,89 ± 
10,4 hours; respectively; p = 0,01) (Table 1).

recorded as additional analgesic requirement. If FLACC score was still more than 3 despite the additional
paracetamol after 30 minutes, 1 mg/kg IV tramadol was planned to be given.

Postoperative nausea-vomiting and block related complications (hematoma, infection, perforation e.g.)
was recorded. A 3-point scale (satis�ed:3; neutral:2, dissatis�ed:1) was used to evaluate family and
surgeon satisfaction. Patients aged ≥ 4 were called for control in the postoperative 2nd month for
evaluation of chronic pain. “Bieri revised faces pain scale” (0: no pain, 10: very much pain) was used to
evaluate the presence of chronic pain. The scale is a self-report measure of pain severity for children with
even numbers from 0 (no pain) to 10 (worst pain you can imagine) [11].

Statistical analysis
Before collecting data, a power analysis was performed to determine the sample size for our study. At
least 29 subjects per group were needed to detect a 35% difference in pain scores at 6 hours
postoperatively. (α = 0.05; β = 0.20) Considering the drop-out during the study, at least 70 patients were
planned to be recruited.

Categorical data were expressed as the number and percentage which were compared with the chi-square
test and Fischer’s exact test. Skewness and kurtosis were used to determine the distribution of
quantitative data. Normally distributed data were expressed as mean ± standard deviation which were
analyzed with unpaired sample t-tests. Heterogenously distributed data were expressed as the median
(25th percentile-75th percentile) and were compared with Mann Whitney U test. Statistical signi�cance
was accepted as p < 0.05. Statistical analysis was performed using SPSS V21.0 (IBM, Chicago, IL).
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Table 1
Demographic, clinical data and postoperative comfort indicators were summarized.

  Group C (n = 30) Group T (n = 30) p

Female (n/%) 11 (36,7%) 9 (30%) 0,78

Age (years) 2.64 ± 1,2 3,31 ± 1,3 0,08

Weigth (kg) 14,58 ± 3,7 15,58 ± 4,1 0,40

Heigth (cm) 96 ± 23,3 122,4 ± 17,3 0,08

Anesthesia duration (minutes) 65,59 ± 5 69,34 ± 5,7 0,03a

Operation time (minutes) 47,04 ± 7,4 50,77 ± 5,3 0,03a

Additional analgesic requirement(n)(-/+) 17 (73,9%) 6 (26,1%) < 0,01b

PONV(n/%) 7 (23,3%) 4 (13,3%) 0,32

Length of hospital stay (hour) 14,89 ± 10,4 10,31 ± 2,4 0,01a

Family satisfaction (0–3) 3 (2–3) 3 (2–3) 0,44

Surgeon satisfaction (0–3) 3 (3–3) 3 (3–3) 0,48

PONV: Postoperative nausea and vomitting. Satisfaction score; 3: Satis�ed; 2: Neutral, 1:Dissatis�ed.
a: Student’s t-test, b:Chi-square test.

In group C, FLACC scores at postoperative 6th and 24th were signi�cantly higher than group T (1 (0–2)
vs. 0 (0–0); 1 (0–2) vs. 0 (0–0), respectively; p < 0;001). However; in general postoperative FLACC scores
did not differ between the groups (p > 0,05) (Table 1) (Fig. 2). Additional analgesic requirement in the
postoperative 24 hours was found to be statistically higher in Group C (73,9%) than in Group T (%26,1) (p 
< 0,01) (Table 1). There was no patient in either group who required tramadol administration.

PONV was observed in 7 patients in Group C and 4 patients in Group T, and there was no signi�cant
difference between the two groups (p = 0,32). None of the patients experienced a procedural complication
regarding to the block. Family and surgeon satisfaction was high in both groups [3 (2–3); 3 (2–3); p = 
0,44 and 3 (3–3); 3 (3–3); respectively; p = 0,48] (Table 1). A total number of 21 patients (8 of group C, 13
of group T) were called for chronic pain evaluation at postoperative 2nd month. All of these patients had
0 point for the Bieri faces pain scales evaluation.

Discussion
This current study exhibited that TAPB and CEB for bilateral IHR have similar early e�cient analgesia in
children. However; caudal epidural block patients experienced higher FLACC scores at the postoperative
6th and 24th hours, and the need for additional analgesics was higher and the length of hospital stay
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was longer than in comparison to transversus abdominis plane block patients. One should note, chronic
pain was not observed in any of our patients who are older than 4-years.

Opioids remain as an important part of perioperative pain management. However; especially for pediatric
population, important side effects like respiratory depression and/or constipation lead clinicians to use
non-opioid methods. CEB is safely applied as the gold standard postoperative analgesia method in lower
abdominal surgeries in children [10]. TAPB block, which has now become safer with the introduction of
USG into anesthesia practice, has been investigated in several studies as an alternative method to CEB
[10, 12, 13]. These blocks can be preferred according to clinician's experience, the clinical and the
anatomical characteristics of the patient or the surgical method. In open IHR, pain originates from
somatic nerve �bers [14]. Therefore we think TAPB will provide effective analgesia in this procedure.

To our knowledge; this is the �rst study comparing the US-guided TAPB and US-guided CEB for
perioperative pain management in pediatric bilateral open IHR surgery. Two randomized clinical trials
including only pediatric unilateral IHR surgeries showed that CEB and TAPB were indistinguishable from
each other in terms of analgesic e�cacy within the postoperative �rst six hours. In fact, it has been
shown that TAPB block provides more effective analgesia in the following postoperative hours without
signi�cant side effects [12, 13]. Contrary to these data, a retrospective study revealed that the �rst
analgesic requirement was earlier in TAPB block compared to CEB. [15] None of these three studies
indicated the surgery type (open or minimal invasive) for IHR which may affect the overall outcomes.
Perhaps, chosen surgical technique might have change the results obtained. The results of our study are
consistent with the results of these two RCT.

The main component of pain in open IHR is somatic alone [14]. In line with this, TAPB provided superior
analgesia than CEB for the late postoperative period according to our results. Spesi�c surgeries involving
visceral nerves cause higher postoperative pain density. Bryskin et al. showed that the e�cacy of TAPB
on visceral pain was less than CEB, but the total opioid consumption from the 6th hour postoperatively
was lower with TAPB than with CEB. [10] The use of higher amounts of oxybutynin to prevent bladder
spasm in patiens with TAPB group can be explained by this. There is also a randomized controlled trial
showing that TAPB and CEB have similar pain scores in the �rst 6 hours postoperatively, but that TAPB is
superior after the 6th hour in bladder and colon surgeries that cause predominant visceral pain [13].
Similar to our result, all studies show that TAPB cumulatively reduces the total need for additional
analgesics in the �rst 24 hours postoperatively.

Currently data regarding block complications are quite sparse, perhaps more randomized clinical trials
with larger sample size are necessary to distinguish safest technique. In line with the literature; the
complication rates were found quite low and similar in both TABP and CEB groups [12, 13]. In an inclusive
study with a number of more than 100000 pediatric patients, it was shown that there is a 6-fold increased
risk of complications in central blocks than peripheral blocks [16]. Therefore, more clinical studies are
needed to determine the superiority of one block over another in terms of procedural complications.



Page 8/12

Length of stay is rather important parameter of regional blocks since it re�ects postoperative recovery. In
our study, length of stay at hospital in TAPB group was found to be approximately 4 hours shorter. Since
no procedural complications were observed, we believe shorter stay was related to adequate pain
management for the late postoperative period. Of note, peripheral blocks in bilateral surgeries
necessitates to apply two separate blocks which causes a relatively longer anesthesia duration and TAPB
group anesthesia duration was longer in our study as expected.

Parental satisfaction has been one of the quality indicators of health services [17]. Alsadek et al. showed
that the parents were de�nitely more satis�ed thanks to a more successful analgesia regimens in children
[13]. The satisfaction scores of all families were elevated and close in our investigation, also.

The chronic pain incidence after IHR is claimed to be approximately 10% in adults and 5.1% in children in
the literature [5]. Effective acute postoperative pain management in pediatric surgery may decrease the
incidence of chronic pain [18]. So that, multimodal and preemptive analgesia regimens including regional
analgesia may prevent the development of chronic postoperative pain. Although higher postoperative
pain scores are considered as a risk factor for postoperative chronic pain in adults, data are inconclusive
and sparse in pediatric surgery [18]. There are several studies speci�cally investigating the incidence of
chronic pain after IHR of TAPB and neuraxial block in adults, but the results of these studies are also
con�icting [19, 20, 21, 22]. To our knowledge, there are no studies presenting chronic pain data in
pediatric surgery. We have assessed chronic pain two months after the surgery with Bieri Faces pain
scale [11]. None of the 21 children experienced chronic pain, accordingly. However, the absence of a
control group that did not receive regional analgesia stands as a limitation for our study, Therefore,
further prospective, randomized and controlled studies with larger participation are required to show
whether these two blocks have a protective effect on chronic pain in children.

There are also some other limitations for this current study. First, the number of our patients was rather
low to assess complication ratios. Second, children under 4-years are not compatible for chronic pain
assessment, since the revised Bieri faces pain scale cannot be used for this age period. It could not be
observed whether these blocks had an effect on the incidence of chronic pain in this age group.

Conclusion
In bilateral inguinal hernia repair, as a part of multimodal analgesia, US guided transvers abdominis plane
block and US guided caudal block have similar analgesic e�cacy in the �rst 6 hours postoperatively.
However, TAPB provides superior analgesia compared to CEB up to 24 hour, postoperatively. Chronic pain
was not detected in any of children at the 2nd months but RCTs in larger patient groups are needed to
demonstrate whether there is a difference between chronic pain development.
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Figures

Figure 1
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CONSORT �ow chart of the study.

Figure 2

Postoperative FLACC scores of the patients. Data are expressed as median (25th percentile - 75th
percentile). TAP Block: Transversus abdominis plane block.  *: p < 0,05


