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Abstract

Background and objective: Circumcision is one of the most common operations and can cause postoperative pain, fear, and anxiety
for children. This study aims to compare the effects of transversus abdominis plane (TAP) block and caudal epidural (CE) anesthesia
on postoperative analgesia after circumcision in providing postoperative pain control. Methods: Eighty boys aged 1 to 14 years who
underwent elective circumcision surgery under general anesthesia either with USG-guided TAP block or with CE block for postoperative
analgesia were enrolled consecutively to this prospective observational study equally in each group. Postoperative pain scores and need
for rescue analgesia were recorded and compared between the two groups. Results: There was no statistically significant difference
between the groups in mean age and Aldrete scores (p> 0.05). Body mass index (BMI) of the caudal block group was statistically lower
than the TAP group (p < 0.05). While there was no statistically significant difference between the groups in 30th-minute VAS values
(p > 0.05), the CE block group’s 1st, 2nd, 4th, 8th, 12th, 18th, and 24th hour VAS values were statistically lower than the TAP block
group’s (p < 0.05). Conclusion: USG-guided TAB block under general anesthesia was not associated with lower postoperative pain
scores and delayed rescue analgesia need compared with CE block in patients who underwent elective circumcision surgery. CE block
provided superior analgesia than the USG-guided TAP block after elective circumcision surgery in this study.
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1. Introduction

Circumcision of boys is one of the most common op-
erations performed by pediatric surgeons, and although it
is performed daily, it can cause fear and anxiety in chil-
dren. Therefore, anesthesia management is very important
in this patient group [1,2]. Postoperative pain management
is important. It can involve the intravenous use of various
opioids and non-steroid anti-inflammatory analgesics. Re-
gional anesthesia techniques are also used for postoperative
analgesia in pediatric patients. Caudal epidural anesthesia
(CEA) is accepted as the gold standard for postoperative
pain control after lower abdominal and perineal pediatric
surgeries [1,2]. Although CEA is highly effective and safe,
its use can lead to complications related to dural damage, its
ability to cause a motor block in the lower extremities, and
impairment of bladder function, so limiting its use [3,4].

In the pediatric patient population, with ultrasound
(USG) guidance, different regional anesthesia techniques
have been applied, with similar indications. With USG
guidance, transversus abodominis plane (TAP) block has
become a widely used method for surgical anesthesia and
postoperative analgesia under anesthesia or sedation, simi-
lar to CEA [3,5]. With TAP block, nerves belonging to the
T7-L1 spinal afferents responsible for inguinal dermatomal
innervation of the body can be blocked in the space between

the transversus abdominis and the internal oblique muscles
[6]. In providing postoperative pain control, transversus ab-
dominis plane block can produce either equivalent or supe-
rior postoperative analgesia to caudal block [5,6].

This study aims to compare the effects of USG-guided
TAP block and CEA on postoperative analgesia after cir-
cumcision in providing postoperative pain control.

2. Materials and methods
This prospective observational study, performed after

local ethics committee approval (Decision no: 1046, Date:
November 20, 2018) was conducted over 2 months from
May 10, 2019, to July 10, 2019, at the Anesthesiology and
Reanimation Department of the Okmeydanı Training and
Research Hospital. Written informed consent was obtained
from the parents of the participants who met the inclusion
criteria for the study.

Eighty male patients aged between 1 and 14 with
American Society of Anesthesiologists (ASA) Physical Sta-
tus Classification I and II, scheduled for circumcision un-
der general anesthesia and either USG-guided TAP block
or caudal epidural (CE) block for postoperative analgesia
were enrolled consecutively to this prospective observa-
tional study.
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Patients with pre-existing neurological deficit or dis-
order, severe systemic disease, mental retardation, bleeding
diathesis, psychiatric disorder, a history of hypersensitiv-
ity to local anesthetics (LA), and who refused to participate
were excluded from the study.

Intravenous propofol at a dose of 2–4 mg/kg was used
for general anesthesia. For maintenance of general anesthe-
sia, sevoflurane was used with an oxygen/air-gas mixture.
An appropriate laryngeal mask appropriate to the child’s
age and weight was inserted without using any neuromus-
cular blocking drug.

All blocks were performed in the operating room,
with standard monitoring, under general anesthesia, and
with the aseptic technique by an anesthesiologist espe-
cially interested in pediatric regional anesthesia and blind
to the study to avoid block failure. Patients in the TAP
block group underwent a bilateral ultrasound-guided (USG)
TAP block (MindrayMedical International Co., Ltd., Shen-
zhen, China) with a linear probe and using a 25 G, 50
mm block needle (Stimuplex®, B.Braun, Melsungen, Ger-
many) to confirm appropriate needle placement and local
anesthetic spread between the transversus abdominis and
internal oblique muscles. In the CE block group, the CE
block was performed with the landmark technique in the
lateral decubitus position, with caudal epidural space iden-
tified by palpation and corrected by the 23-gauge needle.
For TAP block, 0.5 mL/kg of 0.25% bupivacaine was in-
troduced on each side of the anterior abdominal wall and
for CE block 0.5 mL/kg of 0.25% bupivacaine was used.
If appropriate LA spread and needle placement were not
observed, the patient was excluded from the study. An in-
crease in intraoperative heart rate of≥20% after the incision
was accepted as an exclusion criterion for the patient from
the study.

After surgery, all patients were discharged from the
operating room to the Post Anesthesia Care Unit (PACU)
where the study was started. An anesthesiologist blinded
to the study enrolled consecutively 40 male patients with
TAP block to the USG-guided TAP block group and 40 pa-
tients with CE block to the CE block group. All patients
were observed by a nurse, who was blind to the study, for
pain score, need for rescue analgesia, heart rate (HR), Al-
drete scores (5th and 20th minute), and complications at
first 30th minute, 1st, 2nd, 4th, 8th, 12th, 18th, and 24th
hours after discharge from the operating room to PACU and
into the ward. Pain assessment of patients under the age of 3
years was performed with the Face, Legs, Activity, Cry and
Consolability (FLACC) scale and for other patient’s with
the Faces Pain Scale—Revised (FPS-R) over 10 (where a
score of 10 means the most severe pain and 0 means the
absence of pain). When the pain scores were above 5, pa-
tients in both groups received paracetamol as a first rescue
analgesic at a standard intravenous (iv) dose of 10 mg/kg.
Demographic characteristics were also collected.

The primary outcome was to compare pain scores be-

tween groups. The secondary outcome was to compare the
time of first rescue analgesics in each group and complica-
tions.

2.1 Statistical analysis
The Statistical Package for Social Science (SPSS Inc.,

Chicago, IL, USA) for Windows, Version 22.0 was used for
statistical analysis of the data. The compliance of the mea-
surement values obtained within the scope of the research
to the normal distribution was examined with the Shapiro-
Wilk Test. In the display of descriptive statistics, mean ±
standard deviation was used for variables conforming to
the normal distribution, median (25th percentile – 75th per-
centile) for data not conforming to the normal distribution,
and n values and percentages were used for displaying cat-
egorical variables. In the comparison of continuous mea-
surements between groups, if the assumptions were met,
the Student’s t-test was used in independent groups, and the
Mann Whitney U test was used if the assumptions were not
met. The statistical significance was p < 0.05 in all tests.

2.2 Power analysis
The study of Sethi et al. [3] was taken into consid-

eration for performing power analysis for our study. As a
result of the power analysis using the G*Power program,
when effect size d is 0.903 and SD 1.3 for the postoperative
VAS parameter, the number of samples needed for power of
0.80 and significance level of 0.05 was found to be a mini-
mum of n = 21 for each group.

3. Results
The study was conducted using two groups with 80

patients, 40 (50%) in the CE block and 40 (50%) in the
TAP block group. The mean age and mean body mass in-
dex (BMI) were (4.53 ± 2.22) years and (16.19 ± 2.18)
kg/m2, respectively (Table 1). No statistically significant
intergroup difference was found between the 5th and 20th
minute Aldrete scores (p > 0.05) [7].

The mean age of groups was also similar (p = 0.087).
The BMI values were significantly higher in the TAP group
than in the CE group (p < 0.001). The 30th-minute VAS
scores were similar (p = 1.00), but the pain scores in the CE
block group at the 1st, 2nd, 4th, 8th, 12th, 18th, and 24th
hours were significantly lower than in the TAP block group
(p < 0.001) (Table 2).

In the 4th hour after surgery, the pain scores of 40%
of the patients in the TAP block group were ≥5 indicat-
ing a requirement for rescue analgesia in the postoperative
period. During 24-hour follow-up all patients in the TAP
block group needed pain relief. Just one of the patients who
underwent CE block required rescue analgesia in the post-
operative 24-hour follow-up and this was administered at
the 18th hour.

The HR levels were similar between groups in the first
30th minutes and 24th hour (p = 0.12 and p = 0.34, respec-
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Table 1. Assessment of age, BMI and Aldrete scores between groups.
CE block group (40) TAP block group (40) Total (80)

p-value
Mean ± SD Mean ± SD Mean ± SD

Age, years 4.1 ± 2.44 4.95 ± 1.91 4.53 ± 2.22 0.087
BMI, kg/m2 14.8 ± 2.21 17.6 ± 0.92 16.19 ± 2.18 <0.001*
Aldrete scores, (5th min) 8.67 ± 0.14 8.74 ± 0.19 8.71 ± 0.18 0.22
Aldrete scores, (20th min) 9.95 ± 0.03 9.97 ± 0.02 9.96 ± 0.03 0.52
Student t-test *p < 0.05, BMI, body mass index; SD, standard deviation; Min, Minute.

Table 2. Comparison of pain scores between groups.

Pain scores
CE block group (n = 40) TAP block group (n = 40) Total (n = 80)

p-value
Mean ± SD Mean ± SD Mean ± SD

30th min 0 ± 0 (0) 0 ± 0 0 ± 0 1.000
1st hour 0.10 ± 0.44 0.60 ± 0.67 0.35 ± 0.62 <0.001*
2nd hour 0.40 ± 0.98 2.15 ± 0.86 1.28 ± 1.27 <0.001*
4th hour 0.95 ± 1.22 4.40 ± 0.67 2.68 ± 1.99 <0.001*
8th hour 1.45 ± 0.99 5.05 ± 1.30 3.25 ± 2.14 <0.001*
12th hour 1.50 ± 1.09 3.20 ± 0.88 2.35 ± 1.30 <0.001*
18th hour 1.15 ± 0.80 2.35 ± 0.58 1.75 ± 0.92 <0.001*
24th hour 0.45 ± 0.68 1.10 ± 0.63 0.78 ± 0.73 <0.001*
Mann Whitney U test *p > 0.05; SD, standard deviation.

Table 3. Evaluation of heart rate between groups.

Heart rates
CE block group (40) TAP block group (40) Total (80)

p-value
Mean ± SD Mean ± SD Mean ± SD

30th min 102.7 ± 4.6 100.9 ± 5.5 101.8 ± 5.1 0.12
1st hour 97.7 ± 4.3 101.4 ± 5.8 99.55 ± 5.4 0.002*
2nd hour 98.0 ± 5.3 105.6 ± 4.1 101.8 ± 6.1 <0.001*
4th hour 100.6 ± 5.6 112.8 ± 4.4 106.7 ± 7.9 <0.001*
8th hour 103.9 ± 6.3 115.2 ± 8.0 109.5 ± 9.2 ≤0.001*
12th hour 105.1 ± 6.9 107.8 ± 4.0 106.4 ± 5.7 0.037*
18th hour 101.9 ± 4.2 104.5 ± 2.5 103.2 ± 3.7 0.002*
24th hour 97.5 ± 3.4 98.2 ± 2.9 97.8 ± 3.2 0.34
Student’s t-test *p < 0.05; SD, standard deviation.

tively), just as the VAS scores, but the HR levels were sig-
nificantly higher in the TAP block group at the 1st, 2nd,
4th, 8th, 12th, and 18th hours than in the CE block group
(Table 3).

4. Discussion
In this prospective observational study, we compared

the analgesic effects of USG-guided TAP block and CE
block on postoperative pain management of male chil-
dren undergoing circumcision surgery. Our data analy-
sis showed that the USG-guided TAB block under general
anesthesia was not associated with lower pain scores and
the need for delayed rescue analgesia compared with CE
block in boys aged 1–14 years who underwent elective cir-
cumcision surgery.

Postoperative pain has special importance for male

children after circumcision [1]. For postoperative analgesia
after pediatric surgeries, regional anesthesia techniques are
performed very commonly. CE anesthesia is accepted as a
gold standard for analgesia after lower abdominal pediatric
surgeries [8,9]. Its vulnerability to serious complications
such as dural damage, and ability to cause a motor block
in the lower extremities resulting in impairment of blad-
der function limit its use. After understanding the anterior
and posterior anatomy of the abdominal wall, different re-
gional anesthesia approaches such as quadratus lumborum
block and TAP block with similar indications to CEA in the
lower abdominal surgeries have become widely used with
ultrasound guidance [10,11].

Although the USG-guided TAP block is safe and effi-
cient for analgesia after lower abdominal and perineal surg-
eries, concerns remain about its indications [12–16]. The
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number of studies is insufficient for comparing directly the
efficacy of TAP block with CE block in children [8,17].
This led us to evaluate the effectiveness of TAP block,
which is easy to perform with ultrasound, for postoperative
analgesia after circumcision [10,18].

In our study, we prospectively compared USG-guided
TAP block with CE block for pain management after cir-
cumcision in male children for whom both blocks are well
suited. Our study is the first prospective observational study
to compare TAP block with CE block for postoperative
analgesia after circumcision of male children [17,19].

While the major drawback of this study is the lack of
patient randomization for the interventions tested, in this
prospective observational study we tried to measure the ef-
fectiveness of the two different regional anesthesia tech-
niques used for postoperative analgesia after circumcision
surgery in pediatric patients in daily routine clinical set-
tings. So we did not use randomization and we did not want
the anesthesiologist to be involved with the study because
it would have affected his attitude to the patient and to the
block he performed. If we performed randomization, the
anesthesiologist would have tried to do his best contradict-
ing what we wanted. We did not evaluate the block success
rate of the anesthesiologist. We tried to evaluate the post-
operative analgesic effects of the two successful different
blocks that we use in our clinic after pediatric circumci-
sion surgery. Randomization would also limit our patient
number in each group and we would also have to evaluate
the block success rate of the anesthesiologist, which was
something that was not the topic of this study. So for these
reasons, we did not perform randomization in our study.
Instead, participants were allocated consecutively into the
groups.

USG-guided TAP block is safe and effective after
lower abdominal and perineal surgeries for postoperative
analgesia. There are, however, insufficient studies and
evidence to determine the correct indications in children
[5,17,19]. None of the previous studies have directly com-
pared the efficacy of USG-guided TAP block with either
CE or USG-guided dorsal penile nerve block (DPNB) for
postoperative analgesia after male pediatric circumcision
surgery. USG-guided TAP block was compared with CE
block after lower abdominal surgery for postoperative anal-
gesia in one study and was found more effective [8]. In
another study, the USG-guided TAP block provided supe-
rior analgesia with less demand for rescue analgesia dose
than the CE block in children after inguinal herniotomy
[6]. As well, in the pediatric patient population, the post-
operative analgesic benefits of USG-guided DPNB and CE
block were compared after distal hypospadias surgery and
circumcision, and in both studies, USG-guided DPNB pro-
vided superior analgesia than CE block [20,21].

In another study, after lower abdominal surgery, CE
block provided longer postoperative analgesia than TAP
block [3]. This study also demonstrated that CE block is

more effective than USG-guided TAP block for postopera-
tive analgesia in patients undergoing circumcision surgery.
Our results showed that CE block provided better analgesia
than USG-guided TAP block from the 1st to 24th hour af-
ter surgery, with statistically significant lower pain scores,
which was our primary endpoint. The need for the first res-
cue analgesia in the TAP block group was at the 4th hour
postoperatively, and the pain score of 16 patients (40%) in
the TAP group was ≥5 at the 4th hour, which was our sec-
ond endpoint. Just one of the patients with CE block (2.5%)
required rescue analgesia at the 18th hour in the postopera-
tive 24-hour follow-up. However, there were no side effects
or complications in either group.

5. Conclusion
In conclusion, CE block provided superior analgesia

than USG-guided TAP block after male elective circumci-
sion surgery.

Author contributions
Study Design: MM, ST. Data Collection: MM, ST.

Data Analysis: BBG, MM. Writing Original Draft: BBG,
MM. Manuscript Review and Editing: MM, BBG, ST. All
authors contributed to editorial changes in the manuscript.
All authors read and approved the final manuscript.

Ethics approval and consent to participate
The participants were informed about the study pro-

cedures and a written informed consent was signed. The
study was conducted in accordance with the Declaration of
Helsinki, and the protocol was approved by the local ethics
committee of Okmeydanı Training and Research Hospital
(approval number: 1046, November 2018).

Acknowledgment
Not applicable.

Funding
This research received no external funding.

Conflict of interest
The authors declare no conflict of interest.

References
[1] Zavras N, Tsamoudaki S, Ntomi V, Yiannopoulos I, Chris-

tianakis E, Pikoulis E. Predictive Factors of Postoperative Pain
and Postoperative Anxiety in Children Undergoing Elective Cir-
cumcision: a Prospective Cohort Study. Korean Journal of Pain.
2015; 28: 244–253.

[2] Wang J, Zhao S, Luo L, Liu Y, Zhu Z, Li E, et al. Dorsal penile
nerve block versus eutectic mixture of local anesthetics cream
for pain relief in infants during circumcision: a meta-analysis.
PLoS ONE. 2018; 13: e0203439.

[3] Sethi N, Pant D, Dutta A, Koul A, Sood J, Chugh PT. Com-
parison of caudal epidural block and ultrasonography-guided

4

https://www.imrpress.com


transversus abdominis plane block for pain relief in children un-
dergoing lower abdominal surgery. Journal of Clinical Anesthe-
sia. 2016; 33: 322–329.

[4] Zhu C, Wei R, Tong Y, Liu J, Song Z, Zhang S. Analgesic ef-
ficacy and impact of caudal block on surgical complications of
hypospadias repair: a systematic review and meta-analysis. Re-
gional Anesthesia & Pain Medicine. 2019; 44: 259–267.

[5] Mai CL, Young MJ, Quraishi SA. Clinical implications of the
transversus abdominis plane block in pediatric anesthesia. Pae-
diatric Anaesthesia. 2012; 22: 831–840.

[6] Gupta A, Kumar A, Dogra N, Aggarwal S. Ultrasound-guided
transversus abdominis plane block versus caudal block for
postoperative analgesia in children undergoing inguinal hernia
surgery: a comparative study. Journal of Anaesthesiology Clin-
ical Pharmacology. 2020; 36: 172–176.

[7] Aldrete JA. The post-anesthesia recovery score revisited. Jour-
nal of Clinical Anesthesia. 1995; 7: 89–91.

[8] Bryskin RB, Londergan B, Wheatley R, Heng R, Lewis M, Bar-
razaM, et al. TransversusAbdominis PlaneBlockVersus Caudal
Epidural for Lower Abdominal Surgery in Children: A double-
blinded randomized controlled trial. Anesthesia & Analgesia.
2015; 121: 471–478.

[9] Baeriswyl M, Zeiter F, Piubellini D, Kirkham KR, Albrecht E.
The analgesic efficacy of transverse abdominis plane block ver-
sus epidural analgesia: a systematic review with meta-analysis.
Medicine. 2018; 97: e11261.

[10] Urits I, Ostling PS, Novitch MB, Burns JC, Charipova K, Gress
KL, et al. Truncal regional nerve blocks in clinical anesthesia
practice. Best Practice & Research Clinical Anaesthesiology.
2019; 33: 559–571.

[11] İpek CB, Kara D, Yılmaz S, Yeşiltaş S, Esen A, Dooply SSSL,
et al. Comparison of ultrasound-guided transversus abdominis
plane block, quadratus lumborum block, and caudal epidural
block for perioperative analgesia in pediatric lower abdominal
surgery. Turkish Journal of Medical Sciences. 2019; 49: 1395–
1402.

[12] Karnik PP, Dave NM, Shah HB, Kulkarni K. Comparison of
ultrasound-guided transversus abdominis plane (TAP) block
versus local infiltration during paediatric laparoscopic surgeries.

Indian Journal of Anaesthesia. 2019; 63: 356–360.
[13] Sternlicht A, Shapiro M, Robelen G, Vellayappan U, Tuerk IA.

Infiltration of liposome bupivacaine into the transversus abdo-
minis plane for postsurgical analgesia in robotic laparoscopic
prostatectomy: a pilot study. Local and Regional Anesthesia.
2014; 7: 69–74.

[14] Escudero-Fung M, Lehman EB, Karamchandani K. Timing of
Transversus Abdominis Plane Block and Postoperative Pain
Management. Local and Regional Anesthesia. 2020; 13: 185–
193.

[15] Desai N, Chan E, El-Boghdadly K, Albrecht E. Caudal anal-
gesia versus abdominal wall blocks for pediatric genitourinary
surgery: systematic review and meta-analysis. Regional Anes-
thesia & Pain Medicine. 2020; 45: 924–933.

[16] Shahait M, Lee DI. Application of TAP Block in Laparoscopic
Urological Surgery: Current Status and Future Directions. Cur-
rent Urology Reports. 2019; 20: 20.

[17] Long JB, Birmingham PK, De Oliveira GS, Schaldenbrand KM,
Suresh S. Transversus abdominis plane block in children: a mul-
ticenter safety analysis of 1994 cases from the PRAN (Pediatric
Regional Anesthesia Network) database. Anesthesia and Anal-
gesia. 2014; 119: 395–399.

[18] Tsai H, Yoshida T, Chuang T, Yang S, Chang C, Yao H, et
al. Transversus Abdominis Plane Block: an Updated Review
of Anatomy and Techniques. BioMed Research International.
2017; 2017: 8284363.

[19] Yu N, Long X, Lujan-Hernandez JR, Succar J, Xin X, Wang
X. Transversus abdominis-plane block versus local anesthetic
wound infiltration in lower abdominal surgery: a systematic re-
view and meta-analysis of randomized controlled trials. BMC
Anesthesiology. 2014; 14: 121.

[20] Ozen V, Yigit D. Caudal epidural block versus ultrasound-
guided dorsal penile nerve block for pediatric distal hypospadias
surgery: a prospective, observational study. Journal of Pediatric
Urology. 2020; 16: 438. e1–438. e8.

[21] Ozen V, Yigit D. A comparison of the postoperative analgesic
effectiveness of low dose caudal epidural block and us-guided
dorsal penile nerve block with in-plane technique in circumci-
sion. Journal of Pediatric Urology. 2020; 16: 99–106.

5

https://www.imrpress.com

	1. Introduction
	2. Materials and methods
	2.1 Statistical analysis
	2.2 Power analysis

	3. Results
	4. Discussion
	5. Conclusion
	Author contributions
	Ethics approval and consent to participate
	Acknowledgment
	Funding
	Conflict of interest

