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pediatric patients in laparoscopic upper
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Abstract

Background: While caudal block has been widely used during pediatric lower limbs and lower abdominal
surgeries, few studies to date have evaluated the perioperative effects of caudal block on pediatric patients in
laparoscopic upper urinary tract surgery.

Methods: Ninety-six pediatric patients, aged 6 months to 7 years, ASA grade I-II, scheduled to undergo laparoscopic
upper urinary tract surgery, were randomized to a non-block group (no caudal block performed), an ROP1.0 group
(patients received 1.0 mL/kg of 0.15% ropivacaine) and an ROP1.3 group (patients received 1.3 mL/kg of 0.15%
ropivacaine). The primary outcome variable was perioperative fentanyl use. The secondary outcome variables were
pain score, hemodynamic fluctuation, the number of patients needing rescue fentanyl and side effects.

Results: Caudal block with 1.3 mL/kg of 0.15% ropivacaine significantly decreased perioperative fentanyl usage
(ROP 1.3 vs. non-caudal block, P < 0.01; ROP 1.3 vs. ROP 1.0, P < 0.05). Moreover, patients in the ROP1.3 group,
compared to those without, displayed more stable hemodynamics, lower pain score in the PACU and 8 h after
operation, less demand for rescue fentanyl, shorter time of PACU stay.

Conclusions: Caudal block with 1.3 mL/kg of 0.15% ropivacaine reduced perioperative fentanyl use during
laparoscopic upper urinary tract surgery on pediatric patients and produced good postoperative analgesia when
compared with no caudal block and caudal block with 1.0 mL/kg of 0.15% ropivacaine.

Trial registration: Clinical trial number: ChiCTR1800015549, chictr.org.cn.
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Background
It is well known that pediatric laparoscopic surgery has
many advantages, such as minimal injury, invisible scar,
fast recovery, and shortened hospital stay [1, 2]. How-
ever patients will still suffer from medium to severe
postoperative pain, and pneumoperitoneum in laparos-
copy often causes instable hemodynamics [3–5]. In order
to control postoperative pain and maintain stable
hemodynamics, opioids are often used during

laparoscopic surgery [6, 7], but increased opioids usage
is correlated to high occurrence of postoperative nausea
and vomiting, respiratory depression, prolonged hospital
stay, and so on [8–10].
Caudal block, a well-established technique in pediatric

surgeries such as lower limb surgery and lower abdom-
inal surgery, can produce good analgesic effects and
maintain stable hemodynamics [11–13]. Several studies
show that caudal block also produces good postoperative
analgesic effects after pediatric laparoscopic surgery [14,
15]. However, to our knowledge, only a small number of
studies have investigated the effect of caudal block in the
laparoscopic surgery for upper abdomen [14, 16], and
few of them have investigated the impact of caudal block
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on opioid sparing during pediatric surgeries. Therefore,
we conducted a prospective study to investigate the ef-
fect of caudal block on upper abdominal surgery under
laparoscopy. We hypothesized that caudal block is able
to reduce perioperative fentanyl use and produce good
postoperative analgesic effects when compared to no
caudal block. The primary outcome variable is peri-
operative fentanyl use.

Methods
The study was approved by the China Medical Univer-
sity’s Institutional Review Board and written informed
consent was obtained from all subjects participating in
the trial. After receiving written consent from each
patient’s guardian, we enrolled 96 pediatric patients
(aged 6 months to 8 years, American Society of Anesthe-
siologists (ASA) grade I or II) who were scheduled to
undergo elective laparoscopic upper urinary tract surgery.
The upper urinary tract surgery includes pyeloplasty,
nephrectomy, heminephrectomy, ureteroureterostomy,
pyeloureterostomy and ureteral reimplantation. Pediatric
patients who were allergic to local anesthetics and not
suitable for caudal block (such as malformation of spine,
infection around puncture site, and coagulation dysfunc-
tion, etc.) were excluded from this study. This study was
conducted from May, 2018 to October, 2018 and adhered
to CONSORT guidelines.
A total of 96 patients were equally randomized to a

non-block group (no caudal block were performed), a
ROP1.0 group (patients received caudal block with 1
mL/kg of 0.15% ropivacaine and 1 μg/kg fentanyl), and
anROP1.3 group (patients received caudal block with
1.3 mL/kg of 0.15% ropivacaine and 1 μg/kg fentanyl)
by stratified blocked randomization. Each group had
the same number of patients (n = 32). Information re-
garding the patient’s age, gender, body weight, ASA
grade, diagnosis and types of surgery was collected.
All patients were from Shengjing hospital of China
Medical University.
After the patients were transferred to the operating

room, standard monitoring such as non-invasive blood
pressure (NIBP), heart rate (HR), electrocardiography
and pulse oximetry including pulse oxygen saturation
(SpO2) was performed throughout the procedure. All pa-
tients received the standard general anesthesia induction
procedure: fentanyl 1μg/kg, etomidate 0.3 mg/kg, suc-
cinylcholine 1.5 mg/kg and endotracheal intubation.
Cisatracurium 0.05 mg/kg was used to provide continu-
ous muscle relaxation. Sevoflurane of 1.0–1.3 minimal
alveolar concentration (MAC) with 50% nitrous oxide
was used to maintain anesthesia during the surgery. The
tide volume was set to 6–10mL/kg to guarantee that the
end-tidal CO2 (ETCO2) was between 35 and 45 mmHg.

After endotracheal intubation, all patients were put in
the left lateral position. Patients in the ROP1.0 group re-
ceived caudal block with 1 mL/kg of 0.15% ropivacaine
and 1 μg/kg fentanyl, while patients in the ROP1.3 group
received caudal block with 1.3 mL/kg of 0.15% ropiva-
caine and 1 μg/kg fentanyl. The needle used in caudal
block was 23G, and the injection speed of ropivacaine in
the ROP1.0 and the ROP1.3 group was 0.5 mL/second.
All the injections were performed with the guidance of
ultrasound and by the same anesthesiologist. After cau-
dal block, a sterile sticker was attached to the puncture
site. In order to keep the observer blind to the allocating
information, patients in the non-block group also had a
same sterile sticker at the same site.
After the procedure of caudal block, the anesthesiologist

who performed caudal block left the operating room, an-
other anesthesiologist, who was blind to the grouping in-
formation, enter the operating room and managed the
patients intraoperatively. Also he began to record the
frequency of hemodynamic fluctuation. Hemodynamic
fluctuation was defined as NIBP and (or) HR increas-
ing or decreasing by more than 30% of the baseline
and lasting for more than 2 min. If HR decreased by
more than 30% of the baseline, atropine 0.01 mg/kg
was given intravenously. If NIBP or HR increased by
more than 30% of the baseline, an extra of 0.5 μg/kg
fentanyl was given intravenously according to the
anesthesiologist’s experience in hemodynamics fluctu-
ation. The total amount of fentanyl used during sur-
gery and the times of hemodynamic fluctuation were
also recorded.
The site of laparoscopic port was decided by the sur-

geon for a successful procedure. Usually there needs to
be three ports, one very close to the umbilicus (T10
dermatome), one at the intersection between arcus cost-
arum and midclavicular line (T8 dermatome), and the
last one near the iliac fossa (T12 dermatome). The pres-
sure for laparoscopy was 8mmHg, and the flow of car-
bon dioxide was 8 L/min.
Thirty minutes before the end of the surgery, patients

were intravenously given ondansetron 100 μg/kg (to a
maximum of 4 mg) and ketorolac 0.5 mg/kg (to a max-
imum of 15 mg). At the end of the surgery, patients re-
ceived infiltrated anesthesia of ropivacaine around the
laparoscopic port. After waking up naturally, patients
were extubated when the extubation criteria were met
and were transferred to the Post Anesthesia Care Unit
(PACU).
In PACU, pain evaluation was performed by using the

FLACC (Face Legs Activity Cry Consolability) score de-
scribed by previous studies [15, 17, 18]. The same obser-
ver, who was blind to the allocating information,
investigated the FLACC score. When the FLACC score
was higher than 4, a rescue dosage of 0.5 μg/kg fentanyl
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was given to the patient intravenously. The FLACC
score was re-investigated after 15 min of rescue fentanyl
injection. If it was still higher than 4, another dosage of
0.5 μg/kg fentanyl was given. The FLACC score, the
number of patients needing rescue fentanyl, the total
amount of rescue fentanyl, side effects such as nausea
and vomiting, and the time of PACU stay were also
investigated.
After the PACU stay, patients were transferred to the

ward, and the FLACC score of every 8 h in ward was also
investigated. If the patients suffered from acute pain, oral
paracetamol 15mg/kg was prescribed. The number of pa-
tients needing NSAIDs, time to the first NSAIDs use in
ward and side effects were also evaluated.

Statistical analysis
Continuous variables such as fentanyl usage, the FLACC
score and the time of PACU stay were presented as
mean ± standard deviation (SD) or median with interquar-
tile range. Categorical variables such as the frequency of
hemodynamic fluctuation and the number of patients
needing rescue fentanyl were presented as absolute num-
bers. Before comparing the differences in continuous vari-
ables, D’Agostino-Pearson omnibus normality test was
performed to investigate data distribution. Since fentanyl
usage, the FLACC score and the time of PACU stay were
normally distributed among groups, one-way ANOVA
and Bonferroni correction were used one after another to
investigate the difference between groups. Differences in
categorical variables were analyzed by a Chi-square test or
a Fisher’s exact test. For all statistical analysis, a P value of
less than 0.05 was considered statistically significant.
In order to calculate the sample size needed for this

study, a pilot study was performed. The pilot data
showed that the perioperative fentanyl use (the primary
outcome variable of this study) of the non-block group,
the ROP1.0 group and the ROP 1.3 group were1.87 ±
0.35 μg/kg, 1.57 ± 0.32 μg/kg and 1.29 ± 0.29 μg/kg re-
spectively. Since we assumed that the type I error was
0.05 and the power was 0.9, the sample size calculated
based on the non-block group and the ROP1.0 group
was 24, while the sample size calculated based on the
ROP1.3 group and the ROP1.0 group was 27. Consider-
ing the 10% dropout rate, we increased the sample size
by 20% and the final result was 32 per group.

Results
A total of 96 pediatric patients were enrolled in this study,
32 in each group. Four patients withdrew from the non-
block group because of the change of surgery method and
incomplete data. Two patients in the ROP1.0 group and
two patients in the ROP1.3 group were left out because of
incomplete data and refusal of participation. The final
numbers of patients in the non-block group, the ROP1.0

group and the ROP 1.3 group were 28, 30 and 30 respect-
ively. There was no significant difference between these
three groups regarding age, body weight, gender, ASA
grade and operating time (Table 1).
First we investigated the perioperative fentanyl usage (fen-

tanyl use in the operation and in PACU), which is the pri-
mary outcome of this study. As depicted in Fig. 1a, caudal
block significantly decreased perioperative fentanyl usage
(ROP1.0 vs. non-block: 1.57 ± 0.38 μg/kg vs. 1.85 ± 0.56 μg/
kg, P = 0.027; ROP1.3 vs. non-block: 1.27 ± 0.24 μg/kg vs.
1.85 ± 0.56 μg/kg, P < 0.001). Compared to the ROP1.0
group, patients in ROP1.3 group needed less fentanyl
(ROP1.0 vs. ROP1.3: 1.57 ± 0.38 μg/kg vs. 1.27 ± 0.24 μg/kg,
P = 0.014). The frequency of hemodynamic fluctuation dur-
ing operation was also recorded. As shown in Fig. 1b, caudal
block maintained more stable hemodynamics when com-
pared with patients with no caudal block (ROP1.0 vs. non-
block: 2.27 ± 1.57 times vs. 4.14 ± 1.75 times, P < 0.001; and
ROP1.3 vs. non-block: 1.3 ± 0.99 times vs. 4.14 ± 1.75 times,
P < 0.001), and patients in the ROP1.3 group showed more
stable hemodynamics than patients in the ROP1.0 group
(ROP1.3 vs. ROP1.0: 1.33 ± 0.99 times vs. 2.27 ± 1.57 times,
P = 0.043).
In the PACU, the FLACC score, the number of pa-

tients needing rescue fentanyl and PACU stay were also
recorded. As shown in Fig. 2a, patients who received
caudal block exhibited a significantly lower FLACC score
(ROP1.0 vs. non-block: 3.87 ± 1.76 vs. 5.00 ± 1.67, P =
0.032; and ROP1.3 vs. non-block: 2.70 ± 1.64 vs. 5.00 ±
1.67 times, P < 0.001). In accordance with the FLACC
score, more patients in the non-block group needed res-
cue fentanyl in the PACU when compared with patients
in the ROP1.0 and the ROP1.3 groups (Fig. 2b). The
average time of PACU stay of the non-block group was
44.29 ± 15.23 min, significantly longer than that of the
ROP1.0 and the ROP1.3 groups (Fig. 2c).
Postoperative data such as the FLACC score 8 h after

surgery, number of patients needing NSAIDs, time to
first NSAIDs use in ward and side effects were also eval-
uated. As shown in Fig. 3, the postoperative FLACC
score of the ROP1.3 group was significantly lower than
that of the non-block group (ROP1.3 vs. non-block:
1.07 ± 1.01 vs. 2.45 ± 1.35, P = 0.003). Patients with no
caudal block needed NSAIDs earlier, and more patients
needed postoperative NSAIDs when compared with pa-
tients in the ROP1.0 and the ROP 1.3 groups (Table 2).
There were no significant differences in side effects be-
tween the groups. In the non-block group, 6 patients
had postoperative vomiting, while the number was 3
and 2 in the ROP1.0 and the ROP 1.3 groups. Only 1
patient had postoperative motor weakness in the
ROP1.3 group, but the patient recovered after 24 h. No
patients in these groups exhibited bleeding or infection
at the puncture site.
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Discussion
To the best of our knowledge, our study was the first pro-
spective study to investigate the effect of caudal block on
pediatric upper urinary tract surgery under laparoscopy.
We found that caudal block with 1.3mL/kg of 0.15% ropi-
vacaine reduced perioperative fentanyl use and maintained
stable hemodynamics during laparoscopic surgery in com-
parison with the non-caudal block group and the ROP1.0
group. Moreover, patients in the ROP1.3 group showed
lower FLACC score, delayed NSAIDs need, low occur-
rence of vomiting and reduced rescue fentanyl need.
Opioids have been used to control perioperative pain

for many years, but excessive use of opioids often leads
to a series of side effects, such as postoperative nausea
and vomiting, respiratory depression, drowsiness that ham-
pers recovery, prolonged hospital stay and increased medical
costs [8, 9, 19]. Nowadays, a variety of techniques, such as
incision infiltrated with local anesthetics, transverse abdom-
inis plane (TAP) block, caudal block and the combined

usage of NSAIDs, are performed to reduce the use of opi-
oids and its related side effects [20–22]. In this study, we
found that caudal block with 1.3mL/kg of 0.15% ropivacaine
significantly reduced the use of fentanyl and the occurrence
of vomiting. It also shortened the time of PACU stay.
There were several studies investigating the effect of local

anesthesia on pediatric surgeries [12, 23, 24]. Sandeman
et al. investigated the effect of TAP on laparoscopic appen-
dicectomy performed on children and found that TAP did
not have a positive effect on postoperative analgesia when
compared to local anesthetic port-site infiltration [23]. Nitin
et al. [15] compared the effect of TAP and caudal block on
children undergoing lower abdominal surgery and found
that children who received caudal block suffered from
higher occurrence of pain after surgery than children who
received TAP, while caudal block had longer postoperative
analgesia duration than TAP. In their study, the amount of
local anesthetics was 0.75mL/kg of 0.25% bupivacaine,
lower than the amount used in our study (1.3mL/kg).

Table 1 Demographic data of patient
Non-block(n = 28) ROP1.0(n = 30) ROP1.3(n = 30)

Gender, n (%)

Female 15 (54) 14 (48) 17 (57)

Male 13 (46) 16 (52) 13 (43)

Age, years; median (min-max) 2.4 (0.5–6.5) 2.8 (0.5–7.4) 2.6 (0.5–7.5)

weight, Kg; median (min-max) 13.4 (6.8–22.6) 13.1 (8.2–21.5) 12.6 (7.8–23.4)

ASA I/II 20/8 21/9 18/12

Operating time, mins; median (min-max) 134 (95–245) 155 (100–264) 143 (102–255)

Values are presented by median (min-max) or numbers of patients
Non-block: patients received no caudal block
ROP1.0: patients received caudal block with 1.0 mL/kg ropivacaine
ROP1.3: patients received caudal block with 1.3 mL/kg ropivacaine

Fig. 1 Comparisons of fentanyl usage and frequency of hemodynamics fluctuation during operation between groups. a Comparisons of
intraoperative fentanyl usage. b Comparisons of intraoperative frequency of hemodynamics fluctuation. The whisker of boxplot stands for the min
and max, line in box stands for median. * P < 0.05, ** P < 0.01. Non-block: patients received no caudal block, ROP1.0: patients received 1.0 mL/kg
of 0.15% ropivacaine, ROP1.3: patients received 1.3 mL/kg of 0.15% ropivacaine
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Faasse et al. [14] investigated the effects of TAP and caudal
block on children in urologic robot-assisted laparoscopic
surgery and found that patients with caudal block needed
less opioids during surgery and less postoperative anti-
emetics. In our study, caudal block with 1.3mL/kg of 0.15%
ropivacaine decreased perioperative fentanyl use and the
occurrence of postoperative vomiting, a fact that was
consistent with the previous study. However, the
study carried out by Faasse was a retrospective one
with a moderate sample size, and the kind and
amount of local anesthetics used were not the same.
In addition, in our study the ROP1.3 group also pre-
sented reduced pain scores, smaller number of pa-
tients needing post-operative NSAIDs and late first
post-operative NSAIDs needed when compared with
the non-block group, which was not the same as the
Faasse’s study.
Numerous studies have investigated the relationship

between the amount and injection speed of local anes-
thetics and the level of cranial spread [25–27]. Brenner
et al. [28] used ultrasound to assess the cranial spread of
different volumes of local anesthetics during caudal

Fig. 2 Comparisons of FLACC score, numbers of patients needing rescue fentanyl and time of stay in PACU between groups. a Comparison of
FLACC score in PACU. b Comparison of numbers of patients needing rescue fentanyl in PACU. c Comparison of time of PACU stay. The whisker
of boxplot stands for the min and max, line in box stands for median. * P < 0.05, ** P < 0.01. Non-block: patients received no caudal block,
ROP1.0: patients received 1.0 mL/kg of 0.15% ropivacaine, ROP1.3: patients received 1.3 mL/kg of 0.15% ropivacaine

Fig. 3 Comparison of FLACC score of 8 h after operation The
whisker of boxplot stands for the min and max, line in box stands
for median. * P < 0.05, Non-block: patients received no caudal block,
ROP1.0: patients received 1.0 mL/kg of 0.15% ropivacaine, ROP1.3:
patients received 1.3 mL/kg of 0.15% ropivacaine
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block performed on children. They found that the max-
imal level of cranial spread was T10, and there was no
statistical difference between 1.0 mL/kg ropivacaine and
1.3 mL/kg ropivacaine. Triffterer et al. [29] tested the
cranial spread of local anesthetics at different injection
speeds and found that the injection speed did not affect
cranial spread during caudal block performed on
pediatric patients. The maximal level of cranial spread
detected by ultrasound was L1 when using 1.0 mL/kg of
ropivacaine. Lundblad et al. [30] used ultrasound to in-
vestigate the segmental distribution of high volume cau-
dal anesthesia and found that the maximal cranial
spread level was T9 when using 1.5 mL/kg of 0.2% ropi-
vacaine. In our study, when the surgeon performed the
incision at the T8 level, a large part of patients in the
ROP1.3 group showed stable hemodynamics. Several
reasons may account for this phenomenon. First, in our
study, we incorporated the use of fentanyl and main-
tained the MAC between 1.0 and 1.3, which may result
in a stable hemodynamics. Second, in our study, all of
the surgeries were performed under laparoscopy, and
the increased abdominal pressure caused by pneumo-
peritoneum may affect the spread of local anesthetics.
Further study needs to be done to investigate the rela-
tionship between pneumoperitoneum and local anes-
thetics spread.

Limitation
1. In our study, no placebo injection was performed in
the non-block group (control group). We simply at-
tached a sterile sticker to cover the same site of caudal
block groups. We believed that a placebo injection was
an invasive injection that could be harmful to the pa-
tient. 2. In previous studies, the maximal level of cranial
spread was about T10, while in this study, when the
surgeon performed an incision at the T8 level, most of
the patients in the ROP1.3 group showed stable
hemodynamics. That said, we cannot directly conclude
that the maximal level of cranial spread was T8, and fur-
ther investigation needs to be done to confirm that. 3.
Previous studies showed that the maximal level of

cranial spread in elder patients was lower than that in
younger patients, while in our study we did not observe
a significant difference between younger and older pa-
tients due to the small sample size. Further study with a
larger sample size needs to be done to investigate the re-
lationship between age and caudal block effect.

Conclusion
Caudal block with 1.3 mL/kg of 0.15% ropivacaine re-
duced fentanyl use during laparoscopic upper urinary
tract surgery on pediatric patients and produced good
postoperative analgesia when compared with no caudal
block and caudal block with 1.0 mL/kg of 0.15% ropiva-
caine usage.

Abbreviations
ASA: American Society of Anesthesiologists; ETCO2: End-tidal CO2; FLACC
score: Face Legs Activity Cry Consolability score; HR: Heart rate;
MAC: Minimal alveolar concentration; NIBP: Non-invasive blood pressure;
NSAIDs: Non-steroidal antiinflammatory drugs; PACU: Post anesthesia care
unit; ROP: Ropivacaine; SpO2: Pulse oxygen saturation

Acknowledgments
The authors thank professor Peihong Chen, M.D., for assistance with
performing the study.

Authors’ contributions
BT helped design and conduct the study, collect the data and write the
manuscript. KL helped design the study, collect the data and prepare the
manuscript. DW helped collect the data and write the manuscript. MD
helped design and conduct the study, collect the data and perform the
analysis. NY helped review the original study data and revise the manuscript.
PZ helped design and conduct the study, collect the data and write the
manuscript. All authors have read and approved the manuscript.

Funding
This research did not receive any specific grant from funding agencies in the
public, commercial, or not-for-profit sectors.

Availability of data and materials
The datasets analyzed during the current study are available from the
corresponding author on reasonable request.

Ethics approval and consent to participate
The study was approved by the China Medical University’s Institutional
Review Board (IRB #2017PS049K) and written informed consent was obtained
from all patients’ guardians participating in the trial.

Consent for publication
Not applicable.

Table. 2 Postoperative data and side effects

n-block(n = 28) ROP1.0(n = 30) ROP1.3(n = 30)

number of patients needing NSAIDs (n, %) 28 (100%) 17 (57%)* 9 (30%)**#

first NSAIDs time (min) 125 (62–242) 562 (362–845)** 675 (453–987)**

Side effects

Vomiting (n, %) 6 3 2

Motor weakness (n, %) 0 0 1

Bleeding or infection of puncture site (n, %) 0 0 0

Data were presented as number and ratio or median (min-max)
* P < 0.05, ** P < 0.01 Compared to the Non-block group
# P < 0.05, compared to the ROP1.0 group

Tao et al. BMC Pediatrics          (2019) 19:427 Page 6 of 7



Competing interests
The authors declare that they have no competing interests.

Author details
1Department of Anesthesiology, Shengjing Hospital, China Medical
University, 36 Sanhao Street Heping District, Shenyang 110004, Liaoning
Province, China. 2Department of Pediatrics, PICU, Shengjing Hospital, China
Medical University, Shenyang, China.

Received: 30 March 2019 Accepted: 30 October 2019

References
1. Esposito C, Escolino M, Turrà F, Roberti A, Cerulo M, Farina A, Caiazzo S,

Cortese G, Servillo G, Settimi A. Current concepts in the management of
inguinal hernia and hydrocele in pediatric patients in laparoscopic era.
Semin Pediatr Surg. 2016;25:232–40.

2. Amano H. Comparison of single-incision laparoscopic percutaneous
extraperitoneal closure (SILPEC) and open repair for pediatric inguinal
hernia: a single-center retrospective cohort study of 2028 cases. Surg
Endosc. 2017;31:4988–95.

3. Lacy AM, García-Valdecasas JC, Delgado S, Castells A, Taurá P, Piqué JM, Visa
J. Laparoscopy-assisted colectomy versus open colectomy for treatment of
non-metastatic colon cancer: a randomised trial. Lancet. 2002;359:2224–9.

4. Sood J. Advancing frontiers in anaesthesiology with laparoscopy. WJG. 2014;
20:14308.

5. Yoshida H, Kushikata T, Kabara S, Takase H, Ishihara H, Hirota K. Flat
electroencephalogram caused by carbon dioxide pneumoperitoneum.
Anesth Analg. 2007;105:1749–52 tableofcontents.

6. Collard V, Mistraletti G, Taqi A, Asenjo JF, Feldman LS, Fried GM, Carli F.
Intraoperative esmolol infusion in the absence of opioids spares
postoperative fentanyl in patients undergoing ambulatory laparoscopic
cholecystectomy. Anesth Analg. 2007;105:1255–62 tableofcontents.

7. Beers RA, Calimlim JR, Uddoh E, Esposito BF, Camporesi EM. A comparison
of the cost-effectiveness of remifentanil versus fentanyl as an adjuvant to
general anesthesia for outpatient gynecologic surgery. Anesth Analg. 2000;
91:1420–5.

8. Basha I. A Systematic Analysis On Opioid-Free General Anesthesia Versus
Opioid-Based General Anesthesia For Bariatric Surgery; 2017. p. 1–22.

9. Kumar K, Kirksey MA, Duong S, Wu CL. A review of opioid-sparing
modalities in perioperative pain management. Anesth Analg. 2017;125:
1749–60.

10. Brasher C, Gafsous B, Dugue S, Thiollier A, Kinderf J, Nivoche Y, Grace R,
Dahmani S. Postoperative pain Management in Children and Infants: an
update. Pediatr Drugs. 2014;16:129–40.

11. Kao S-C, Lin C-S. Caudal epidural block: an updated review of anatomy and
techniques. Biomed Res Int. 2017;2017:1–5.

12. Marhofer P, Keplinger M, Klug W, Metzelder ML. Awake caudals and
epidurals should be used more frequently in neonates and infants. Pediatr
Anesth. 2014;25:93–9 Morton N, ed.

13. Zhu C, Zhang S, Gu Z, Tong Y, Wei R. Caudal and intravenous
dexamethasone as an adjuvant to pediatric caudal block: a systematic
review and meta-analysis. Paediatr Anaesth. 2018;28:195–203.

14. Faasse MA, Lindgren BW, Frainey BT, Marcus CR, Szczodry DM, Glaser AP,
Suresh S, Gong EM. Perioperative effects of caudal and transversus
abdominis plane (TAP) blocks for children undergoing urologic robot-
assisted laparoscopic surgery. J Pediatr Urol. 2015;11:121.e1–7.

15. Sethi N, Pant D, Dutta A, Koul A, Sood J, Chugh PT. Comparison of caudal
epidural block and ultrasonography-guided transversus abdominis plane
block for pain relief in children undergoing lower abdominal surgery. J Clin
Anesth. 2016;33:322–9.

16. Sato M, Iida T, Kikuchi C, Sasakawa T, Kunisawa T. Comparison of caudal
ropivacaine-morphine and paravertebral catheter for major upper
abdominal surgery in infants. Paediatr Anaesth. 2017;27:524–30 Bosenberg
A, ed.

17. Merkel SI, Voepel-Lewis T, Shayevitz JR, Malviya S. The FLACC: a behavioral
scale for scoring postoperative pain in young children. Pediatr Nurs. 1997;
23:293–7.

18. Johansson M, Kokinsky E. The COMFORT behavioural scale and the modified
FLACC scale in paediatric intensive care. Nurs Crit Care. 2009;14:122–30.

19. Gupta A, Bah M. NSAIDs in the treatment of postoperative pain. Curr Pain
Headache Rep. 2016;20:62.

20. Hanna MN, Murphy JD, Kumar K, Wu CL. Regional techniques and outcome:
what is the evidence? Curr Opin Anaesthesiol. 2009;22:672–7.

21. Ma N, Duncan JK, Scarfe AJ, Schuhmann S, Cameron AL. Clinical safety and
effectiveness of transversus abdominis plane (TAP) block in post-operative
analgesia: a systematic review and meta-analysis. J Anesth. 2017;31:432–52.

22. Brogi E, Kazan R, Cyr S, Giunta F, Hemmerling TM. Transversus abdominal
plane block for postoperative analgesia: a systematic review and meta-
analysis of randomized-controlled trials. Can J Anaesth. 2016;63:1184–96.

23. Sandeman DJ, Bennett M, Dilley AV, Perczuk A, Lim S, Kelly KJ. Ultrasound-
guided transversus abdominis plane blocks for laparoscopic
appendicectomy in children: a prospective randomized trial. Br J Anaesth.
2011;106:882–6.

24. Kendigelen P, Tutuncu AC, Erbabacan E, Ekici B, Köksal G, Altındas F, Kaya G.
Ultrasound-assisted transversus abdominis plane block vs wound infiltration
in pediatric patient with inguinal hernia: randomized controlled trial. J Clin
Anesth. 2016;30:9–14.

25. Koo B-N, Hong J-Y, Kil HK. Spread of ropivacaine by a weight-based formula
in a pediatric caudal block: a fluoroscopic examination. Acta Anaesthesiol
Scand. 2010;54:562–5.

26. Schulte-Steinberg O, Rahlfs VW. Spread of extradural analgesia following
caudal injection in children. A statistical study. Br J Anaesth. 1977;49:1027–34.

27. Thomas ML, Roebuck D, Yule C, Howard RF. The effect of volume of local
anesthetic on the anatomic spread of caudal block in children aged 1-7
years. Paediatr Anaesth. 2010;20:1017–21.

28. Brenner L, Marhofer P, Kettner SC, Willschke H, Machata A-M, Al-Zoraigi U,
Lundblad M, Lönnqvist PA. Ultrasound assessment of cranial spread during
caudal blockade in children: the effect of different volumes of local
anaesthetics. Br J Anaesth. 2011;107:229–35.

29. Triffterer L, Machata A-M, Latzke D, Willschke H, Rebhandl W, Kimberger O,
Marhofer P. Ultrasound assessment of cranial spread during caudal blockade
in children: effect of the speed of injection of local anaesthetics. Br J
Anaesth. 2012;108:670–4.

30. Lundblad M, Lönnqvist P-A, Eksborg S, Marhofer P. Segmental distribution
of high-volume caudal anesthesia in neonates, infants, and toddlers as
assessed by ultrasonography. Paediatr Anaesth. 2011;21:121–7.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Tao et al. BMC Pediatrics          (2019) 19:427 Page 7 of 7


	Abstract
	Background
	Methods
	Results
	Conclusions
	Trial registration

	Background
	Methods
	Statistical analysis

	Results
	Discussion
	Limitation

	Conclusion
	Abbreviations
	Acknowledgments
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

