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Abstract 

Background: Caudal block is one of the most preferred regional anesthesia for sub-umbilical region surgeries in the 
pediatric population. However, few studies are available on caudal block performed in laparoscopic-assisted Soave 
pull-through of Hirschsprung disease (HD). We aimed to compare general anesthesia (GA) and general anesthesia 
combined with caudal block (GA + CA) in laparoscopic-assisted Soave pull-through of HD.

Methods: A retrospective review was performed in children with HD operated in our hospital between 2017 and 
2020. Patients were divided into the GA and GA + CA group. The primary outcome was the duration of operation, 
and secondary outcomes included intraoperative hemodynamic changes, the Face, Legs, Activity, Cry, Consolability 
(FLACC) scale, dose of anesthetics, and incidence of side effects.

Results: A total of 47 children with HD were included in the study, including 20 in the GA group and 27 in the 
GA + CA Group. The two groups were similar in age, gender, weight and type of HD (P > 0.05). The GA + CA group had 
significantly shorter duration of operation (especially the transanal operation time) (median 1.20 h vs. 0.83 h, P < 0.01) 
and recovery time (mean 18.05 min vs. 11.89 min, P < 0.01). The mean doses of sufentanil and rocuronium bromide 
during the procedure and FLACC scores at 1 h and 6 h after surgery were also lower in the GA + CA group (p < 0.01). 
The hemodynamic changes in the GA + CA group were more stable at time of  t2 (during transanal operation) and 
 t3 (10 min after transanal operation), but there was no significant difference in the incidence of postoperative side 
effects between the two groups (P = 1.000).

Conclusion: General anesthesia combined with caudal block can shorten the duration of operation, and provide 
more stable intraoperative hemodynamics and better postoperative analgesia.
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Background
Hirschsprung disease(HD) is a common congenital mal-
formation of the digestive tract in infants which char-
acterized by the absence of enteric neurons in the distal 
colon. The incidence of HD ranges from 1:3,500 to 1:10, 
000 live births. Neonates presenting with delayed pas-
sage of meconium (> 48  h), abdominal distention, and 
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emesis are suspected of HD and the diagnosis is con-
firmed before 6 months of age [1, 2]. Surgery is the pri-
mary treatment for HD, and we perform an averaged 25 
operations in our hospital per year. Surgical treatment 
includes removing the intestine where the enteric neu-
rons are missing, and reconstructing the digestive tract, 
which needs to be perfoemed through the anus. The anal 
canal is narrow and the internal sphincter is very weak 
in infants, making the pull-through procedure difficult. 
Excessive anal canal traction during operation can dam-
age the internal sphincter and cause adverse effects [3]. 
Therefore, adequate analgesia and anal muscle relaxa-
tion induced by anesthesia are very important during the 
operation.

Caudal blocks is one of the most preferred regional 
anaesthesia for sub-umbilical region surgeries in the 
pediatric population [4], and its advantages include its 
simplicity, safety and low rate of complications. It has 
been widely used in pediatric surgery, such as hypospa-
dias repair, circumcision and inguinal hernia repair [5, 6]. 
Caudal blocks can decrease the erethism of sympathetic 
nerves and have the asme obvious effects of analgesic and 
muscle relaxants, facilitating the operation and promot-
ing postoperative recovery. At present, few studies are 
available on the administration of caudal block in HD. We 
hypothesized that general anesthesia combined with cau-
dal block could effectively relax the anal muscles making 
it easy to pull out the colon through the muscular sheath, 
thus greatly reducing the difficulty of the operation and 
shortening is duration of operation. In this study, we 
evaluated the effect of caudal block on the duration of 
operation, analgesic use and postoperative pain inten-
sity in laparoscopic-assisted Soave pull-through pediatric 
population referred to our hospitals.

Methods
Study design
A retrospective review was carried out on inpatient sur-
gical records to identify children aged 3 to 6 months who 
underwent laparoscopic-assisted Soave pull-through 
procedures for HD between January 2017 and June 
2020. According to the methods of anesthesia, they were 
divided into two groups: general anesthesia group (GA 
group) and general anesthesia combined with caudal 
block group (GA + CA group). The study protocol was 
approved by the ethics committee of the Fujian Mater-
nity and Children Health Hospital (No.2020YJ227) before 
beginning the study.

Anesthesia protocol
The protocol for GA was the same for all patients, as fol-
lows: patients were induced with midazolam 10  μg/kg, 
sufentanil 0.4  μg/kg, propofol 2  mg/kg and rocuronium 

0.6 mg/kg. Anesthesia was maintained using sevoflurane 
at 1.0 to 1.2 minimum alveolar concentration (MAC) 
and a combination of 30%—40% oxygen. GA + CA was 
performed with a single-injection of 1.0% lidocaine and 
0.15% ropivacaine at a dose of 0.8 ml/kg. In both groups, 
administration of sufentanil was repeated at 0.1  μg/kg 
during surgery whenever the heart rate (HR) or blood 
pressure increased by more than 20% of their baseline 
levels. Rocuronium was added at a single dose of 0.2 mg/
kg when peak inspiratory pressure (PIP) was > 20%. All 
children underwent laparoscopic-assisted Soave pull-
through procedures performed by the same pediatric sur-
geon. The inhalation of sevoflurane was stopped 10 min 
before the end of the operation, and tracheal intubation 
was removed after the children’s spontaneous breathing 
recovered.

Evaluation of intraoperative hemodynamic, duration 
of operation, recovery time, transanal operation time, 
postoperative pain intensity and postoperative side effects
The data collected included patient gender, age, weight, 
type of HD, duration of operation, and dose of sufentanil 
and rocuronium bromide used during the procedure. The 
duration of the operation was measured from the place-
ment of the first-stay suture to the end of the operation. 
Recovery time was defined as the time from the discon-
tinuation of sevoflurane to spontaneous opening of the 
eyes. Transanal operation time was measured from the 
separation of the rectal sheath to completed the diges-
tive tract reconstruction. Hemodynamic changes (includ-
ing HR, systolic blood pressure (SBP) and diastolic blood 
pressure (DBP)) were recorded before anesthesia induc-
tion  (t0), at the beginning of operation  (t1), at the time 
of transanal operation  (t2), and 10  min after transanal 
operation  (t3). The intensity of postoperative pain was 
evaluated using the Face, Legs, Activity, Cry, Consol-
ability (FLACC) scale [7], which scores pain intensity by 
rating five behaviours (face, legs, activity, consolability 
and cry) to derive a score range 0–10. Each item has a 
possible value of 0 to 2, with a maximum total FLACC 
score of 10 indicating maximum pain(0 = relaxed/com-
fortable, 1–3 = mild discomfort, 4–6 = moderate pain, 
7–10 = severe discomfort/pain). The FLACC score was 
estimated at 1, 6, 12 and 24 h after surgery. The incidence 
of side effects after extubationincluding laryngospasm, 
restlessness, nausea and vomiting, were compared 
between the two groups.

Statistical analysis
The sample size was calculated using the PASS software 
version 11: Two-Sample T-Test Power Analysis. Accord-
ing to a previous study [3], the mean duration of opera-
tion was 2.96  h with a standard deviation of 0.3  h, a 
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sample size of 36 patients (18 in each group, 2 groups) 
was required to achieve a power of 80%, and a one-sided 
95% confidence interval.

The data were analyzed using the SPSS 20.0 statistical 
software. Characteristics were compared between the 
two groups using Student’s t-test for continuous variables 
and the chi-square test for categorical variables. When 
the expected counts were less than 5, Fisher’s exact test 
was used. A P-value < 0.05 was considered statistically 
significant difference.

Results
A total of 47 children who were diagnosed with HD 
by pathological biopsy and underwent laparoscopic-
assisted Soave pull-through procedures were enrolled in 
this study, including 20 in the GA group and 27 in the 
GA + CA group. The demographics of the patients are 
shown in Table 1.

The groups were similar in their gender (P = 0.438) and 
HD type distribution (P = 0.943). The weight (median 
7.05  kg GA vs.7.10  kg GA + CA; P = 0.503) and age at 
surgery (median age 4.70  months GA vs. 5.07  months 
GA + CA; P = 0.409) were also similar between the two 
groups. Compared with the GA group, the GA + CA 
group had significantly shorter duration of operation 
(median 2.94  h vs. 2.84  h, P = 0.040), and in particu-
lar significantly shorter duration of transanal operation 
(median 1.20  h vs. 0.83  h, P < 0.01). The recovery time 
after extubation in the GA + CA group was significantly 
shorter than that in the GA group (18.05 ± 4.9  min vs. 
11.89 ± 4.2  min, P < 0.01). The mean doses of sufentanil 

and rocuronium bromide during the procedure were also 
lower in the GA + CA group ( p < 0.01) (Table 1).

Hemodynamic (HR, SBP and DBP) changes during the 
operation of the two groups were similar before intuba-
tion  (t0) and at the beginning of operation  (t1)(P > 0.05). 
At the time of transanal operation  (t2) and 10 min after 
transanal operation  (t3), the mean HR in GA + CA 
group was significantly lower than that in the GA 
group (130.95 ± 18.64 vs. 118.18 ± 14.29, P = 0.011 and 
133.35 ± 18.61 vs. 119.62 ± 13.55, P = 0.005), but there 
were no significant differences in SBP or DBP between 
the two groups. Hemodynamic parameters during the 
operation in the GA + CA group were more stable than 
those in the GA group (Tables 2).

There was no significant difference in the incidence 
of side effects (including laryngospasm, restlessness, 
nausea and vomiting) between the two groups (35% vs. 
25.9%, P > 0.05) (Table  3). The FLACC scores used to 
assess pain and distress levels were significantly lower 
in the GA + CA group than in the GA group (1  h after 
operation: GA, 5.35 ± 1.22 vs. GA + CA 3.33 ± 1.00, 
P < 0.01; 6 h after operation: GA, 3.45 ± 0.82 vs. GA + CA 
2.00 ± 0.87, P < 0.01), but there were no significant differ-
ences between the two groups at 12 or 24 h after opera-
tion (P > 0.05, see Table 4).

Discussion
Over the past few decades, with the development and 
popularization of laparoscopic technology, the lapa-
roscopic-assisted Soave pull-through procedure has 
become the most widely used operation technique in HD 
patients, owing to its advantages of minimal invasiveness, 

Table 1 Clinical characteristics of studied patients with HD underwent laparoscopic-assisted Soave pull-through procedures with and 
without caudal blocks

Note: Ages, weights and operating times are expressed as medians with range. SD; standard deviation

Variables Group GA (n = 20) Group GA + CA (n = 27) P

Demographic characteristics

  Age, months, mean (range) 4.70(3.0, 5.9) 5.07(3.07, 6.00) 0.409

  Gender (M/F) 16/4 24/3 0.438

  Weight, kg, mean (range) 7.05(3.0, 9.7) 7.10(4.80, 8.50) 0.503

Type of HD 0.943

Short segment type n(%) 5(42%) 7(58%)

Typical-segment type n (%) 15(43%) 20(57%)

Duration of operation, h, median (range) 2.94(2.50, 3.85) 2.84(1.5, 3.4) 0.040

Transanal operation time, h, media (range) 1.20 (0.80, 1.67) 0.83 (0.5, 1.33)  < 0.01

Recovering time, min, mean (SD) 18.05 ± 4.9 11.89 ± 4.2  < 0.01

Dose of sufentanil use, µg/kg, mean (± SD) 0.39 ± 0.10 0.12 ± 0.09  < 0.01

Total dose of sufentanil use, µg, mean (± SD) 2.89 ± 1.11 0.90 ± 0.67  < 0.01

Dose of rocuronium bromide use, mg/kg, mean (± SD) 0.20 ± 0.08 0.07 ± 0.04  < 0.01

Total dose of rocuronium bromide use, mg, mean (± SD) 1.51 ± 0.69 0.58 ± 0.34  < 0.01
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quick recovery, and low complications rates [8–10]. 
Notwithstanding such advantages, the area of surgery 
includes the abdomen and the anus, which can aggra-
vate the stress reaction during the operation. Pulling 
out the colon through the muscular sheath is one of the 
most important and difficult procedures in laparoscopic-
assisted Soave pull-through. The anal canal is narrow and 
the internal sphincter is very weak in infants, making 
the procedure more difficult. Vigorous anal dilation and 
excessive anal canal traction during surgery can damage 
the internal sphincter and have adverse effects on post-
operative continence function.Therefore, the ideal anes-
thesia procedures should provide adequate analgesia 
and anal muscle relaxation during surgery. However, few 
studies have focused on the anesthetic procedures during 
surgery for HD..

General endotracheal anesthesia can cause hemody-
namic (53.3% of the case) and respiratory (46.7%) com-
plications during the perioperative period, as well as 

potential neurotoxicity [11, 12]. The combination of 
general anesthesia and regional anaesthesia techniques 
reduces the neurohumoral response to surgery, allevi-
ates intraoperative inhalation and consumption of opioid 
agents, and accelerates early mobilisation and recovery 
[13]. Suresh et  al. investigation of 18, 650 children who 
received caudal block showed that the incidence of com-
plications was 1.9% (1.7%—2.1%), demonstrating that 
the procedure is safe and should be widely used [5, 14]. 
Therefore general anesthesia combined with caudal block 
may be the best anesthesia strategy for laparoscopic-
assisted Soave pull-through procedure.

The spinal column of children is straight, while epidural 
adipose tissue, lymphatic vessels, and vascular plexus are 
abundant, and the sacral canal volume is small. The anes-
thetic injected into the sacral canal easily spreads to the 
thoracic epidural space, and the block area can reach the 
level of 6–8 thoracic vertebrae. The analgesic and muscle 
relaxant effects of anesthetics not only satisfy the require-
ments of transanal operation, but also reduce the draw 
reaction during laparoscopic surgery, and provide more 
stable hemodynamics. An optimal analgesic effect can 
avoid the stimulation of the sympathetic adrenal medulla 
and reduce the release of catecholamine, as well as reduce 
the irritation caused by tracheal intubation, skin incision 
and transanal operation. Šabanović Adilović et al. found 
that caudal block with analgosedation provide better 
control of intraoperative hemodynamic conditions, post-
operative emergence delirium and postoperative pain 
compared with general endotracheal anaesthesia [15]. In 
our study, the GA + CA group received general anesthe-
sia combined with caudal block, and the hemodynamic 
changes during transanal operation were more stable 
than those in the GA group.

The FLACC scores at 1 h and 6 h after surgery and the 
mean dose of sufentanil were lower, suggesting that gen-
eral anesthesia combined with caudal block can provide 
better analgesic effect, consistently with Adisa’s find-
ing. The duration of operation, and in particular that of 

Table 2 Comparison of hemodynamic changes between the GA 
and GA + CA groups

SD; standard deviation;  t0, time at preinduction just before administration of 
propofol;  t1, at the moment of the surgical incision;  t2, at the time of transanal 
operation;  t3, 10 min after transanal operation

Parameter Time Group GA
(n = 20)

Group GA + CA
(n = 27)

p

HR (mmHg), mean 
(± SD)

t0 135.35 ± 13.94 132.44 ± 14.71 0.497

t1 150.00 ± 12.11 144.37 ± 13.58 0.149

t2 130.95 ± 18.64 118.18 ± 14.29 0.011

t3 133.35 ± 18.61 119.62 ± 13.55 0.005

SBP (mmHg), mean 
(± SD)

t0 92.15 ± 8.08 91.19 ± 7.43 0.674

t1 80.30 ± 6.63 82.77 ± 5.83 0.181

t2 81.10 ± 5.15 83.14 ± 6.09 0.231

t3 80.65 ± 4.71 83.29 ± 6.00 0.110

DBP (mmHg), mean 
(± SD)

t0 53.20 ± 5.00 52.59 ± 4.90 0.679

t1 51.60 ± 6.35 53.03 ± 6.49 0.453

t2 52.15 ± 7.01 50.33 ± 6.51 0.371

t3 49.65 ± 5.90 50.51 ± 6.48 0.640

Table 3 Comparison of side effect after extubation between the 
two groups

Parameter Group GA (n = 20) Group GA + CA 
(n = 27)

P

Side effect n(%) 7(35%) 7(25.9%) 0.452

Laryngospasm 
n(%)

1(5%) 1(3.7%) 1.000

Move restlessly 
n(%)

3(15%) 2(7.4%) 0.638

Nausea and 
vomiting n(%)

3(15%) 4(14.8%) 1.000

Table 4 The mean values of the Face, Legs, Activity, Cry, 
Consolability (FLACC) scores at different postoperative time 
points

Total FLACC scores Group GA mean 
(± SD)
(n = 20)

Group 
GA + CA 
mean (± SD)
(n = 27)

p

1 h 5.35 ± 1.22 3.33 ± 1.00  < 0.01

6 h 3.45 ± 0.82 2.00 ± 0.87  < 0.01

12 h 2.25 ± 0.71 2.07 ± 0.78 0.433

24 h 0.85 ± 0.48 1.04 ± 0.89 0.404
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transanal operation of the GA + CA group were signifi-
cantly shorter, and the mean dose of rocuronium was 
smaller than that in the GA group, indicating that the 
caudal block could effectively relax the anal muscles, 
making it easy to pull out the colon through the mus-
cular sheath, thus greatly reducing the difficulty of the 
operation and shortening the time required by transanal 
operation. Caudal block has been used in anorectal sur-
gery [16, 17], and was found to be effective in depressing 
anal sphincter tone, including maximal resting pressure 
(MRP) and maximal squeezing pressure (MSP), with the 
percentage of MSP inhibition being greater than that of 
MRP [18]. In this study, we could not measure the anal 
sphincter tone because of the limitations of medical con-
ditions. However, we speculate that the shorter dura-
tion of the transanal operation in the GA + CA group is 
closely related to anal sphincter relaxation after caudal 
block. Alizadeh’s study [19] indicated that caudal block in 
addition to general anesthesia had a favorable effect on 
reducing blood loss during operation, operation dura-
tion, and analgesic use, agreement with our findings.

Kim et al. found that caudal block significantly reduced 
the sevoflurane concentration for a smooth laryngeal 
mask airway removal in anesthetized children, reduced 
airway complication and led to faster recovery [20]. 
In the GA + CA group, the recovery time was shorter, 
which may be due to the lower mean doses of sufenta-
nil and rocuronium. A previous study found that caudal 
block could provide a more effective and lasting analgesic 
effect, but was associated to more side effects than gen-
eral anesthesia [21]. Another study suggested that caudal 
block was not associated with postoperative side effects 
[22]. However, in our study we found no differences in 
the incidence of complications between the two groups.

This is one of the few studies focusing on the anesthetic 
procedure for HD surgery. Howere,this analysis was lim-
ited by its retrospective nature and the small sample size. 
The patients were aged 3–6 months, with poor vascular 
reactivity, and the hemodynamic changes were mainly 
reflected in changes of HR but not SBP and DBP. Further-
more, anal sphincter tone could not be measured due to 
the limitation of medical conditions.

Conclusion
We have shown that general anesthesia combined with 
caudal block can shorten the duration of operation, pro-
vide more stable intraoperative hemodynamics, and bet-
ter postoperative analgesia. In view of the limitations of 
this study, the role of caudal block needs to be confirmed 
in a future prospective randomized study.

Abbreviations
HD: Hirschsprung disease; CA: Caudal blocks; GA: General anesthesia; MAC: 
Minimum alveolar concentration; HR: Heart rate; SBP: Systolic blood pressure; 
DBP: Diastolic Blood Pressure; FLACC : Face, Legs, Activity, Cry, Consolability; 
PIP: Peak inspiratory pressure; MRP: Maximal resting pressure; MSP: Maximal 
squeezing pressure.

Acknowledgements
The authors would like to thank all participants who contributed to the study.

Authors’ contributions
LXZ, YFF, ZXL: designed this study. ZXL: analyzed the data and drafted the 
manuscript. MKL, YL, BZ: participated in the conduct of the study. LY, YS, YBH: 
acquisition of data, data analysis interpretation of results. LXZ, DMW: critically 
revised the manuscript. All authors read and approved the final manuscript.

Funding
This study was supported by Startup Fund for scientific research, Fujian Medi-
cal University(Grant number: 2019QH1141). The role of the funding was in the 
collection and analysis of data.

Availability of data and materials
The datasets used and/or analyzed during the current study are available from 
the corresponding author (LX Zhang; dr_l.x.zhang@hotmail.com) on reason-
able request.

Declarations

Ethics approval and consent to participate
This trial had approval from the ethics committee at Fujian Maternity and Chil-
dren Health Hospital before beginning the study (No.2020YJ227). All subjects 
participating in the current trial provided signed informed consent.

Consent for publication
Not applicable

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

Author details
1 Department of Pediatric Surgery, Fujian Maternity and Child Health Hospital, 
Affiliated Hospital of Fujian Medical University, Fujian, China. 2 Department 
of Anesthesiology, Fujian Maternity and Child Health Hospital, Affiliated 
Hospital of Fujian Medical University, No.18 Daoshan Road, Fuzhou 350001, 
Fujian, China. 

Received: 29 October 2020   Accepted: 23 August 2021

References
 1. Ambartsumyan L, Smith C, Kapur RP. Diagnosis of Hirschsprung Disease. 

Pediatr Dev Pathol. 2020;23:8–22. https:// doi. org/ 10. 1177/ 10935 26619 
892351.

 2. Das K, Mohanty S. Hirschsprung Disease - Current Diagnosis and 
Management. Indian J Pediatr. 2017;84:618–23. https:// doi. org/ 10. 1007/ 
s12098- 017- 2371-8.

 3. Bawazir OA. Laparoscopic-Assisted Transanal Pull-Through in 
Hirschsprung Disease: Does Laparoscopic Dissection Minimize Anal Over-
stretching? J Laparoendosc Adv Surg Tech A. 2020;30:338–43. https:// doi. 
org/ 10. 1089/ lap. 2019. 0524.

 4. Wiegele M, Marhofer P, Lönnqvist PA. Caudal epidural blocks in pae-
diatric patients: a review and practical considerations. Br J Anaesth. 
2019;122:509–17. https:// doi. org/ 10. 1016/j. bja. 2018. 11. 030.

 5. Suresh S, Long J, Birmingham PK, de Oliveira GS Jr. Are caudal blocks for 
pain control safe in children? an analysis of 18,650 caudal blocks from the 
Pediatric Regional Anesthesia Network (PRAN) database. Anesth Analg. 
2015;120:151-56.https:// doi. org/ 10. 1213/ ANE. 00000 00000 000446.

https://doi.org/10.1177/1093526619892351
https://doi.org/10.1177/1093526619892351
https://doi.org/10.1007/s12098-017-2371-8
https://doi.org/10.1007/s12098-017-2371-8
https://doi.org/10.1089/lap.2019.0524
https://doi.org/10.1089/lap.2019.0524
https://doi.org/10.1016/j.bja.2018.11.030
https://doi.org/10.1213/ANE.0000000000000446.


Page 6 of 6Lin et al. BMC Anesthesiol          (2021) 21:209 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 6. Marhofer P, Keplinger M, Klug W, Metzelder ML. Awake caudals and epi-
durals should be used more frequently in neonates and infants. Paediatr 
Anaesth. 2015;25:93–9. https:// doi. org/ 10. 1111/ pan. 12543.

 7. Crellin DJ, Harrison D, Santamaria N, Huque H, Babl FE. The Psychometric 
Properties of the FLACC Scale Used to Assess Procedural Pain. J Pain. 
2018;19:862–72. https:// doi. org/ 10. 1016/j. jpain. 2018. 02. 013.

 8. Tomuschat C, Zimmer J, Puri P. Laparoscopic-assisted pull-through 
operation for Hirschsprung’s disease: a systematic review and meta-
analysis. Pediatr Surg Int. 2016;32:751–7. https:// doi. org/ 10. 1007/ 
s00383- 016- 3910-5.

 9. Iacusso C, Leonelli L, Valfrè L, Conforti A, Fusaro F, Iacobelli BD, et al. Mini-
mally Invasive Techniques for Hirschsprung Disease. J Laparoendosc Adv 
Surg Tech A. 2019;29:1605–8. https:// doi. org/ 10. 1089/ lap. 2019. 0165.

 10. Zhu T, Sun X, Wei M, Yi B, Zhao X, Wang W, et al. Optimal time for 
single-stage pull-through colectomy in infants with short-segment 
Hirschsprung disease. Int J Colorectal Dis. 2019;34:255–9. https:// doi. org/ 
10. 1007/ s00384- 018- 3179-3.

 11. Rhondali O, André C, Pouyau A, Mahr A, Juhel S, Queiroz MD, et al. Sevo-
flurane anesthesia and brain perfusion. Paediatr Anaesth. 2015;25:180–5. 
https:// doi. org/ 10. 1111/ pan. 12512.

 12. de Graaff JC, Sarfo MC, van Wolfswinkel L, van der Werff DB, Schouten 
AN. Anesthesia-related critical incidents in the perioperative period in 
children; a proposal for an anesthesia-related reporting system for critical 
incidents in children. Paediatr Anaesth. 2015;25:621–9. https:// doi. org/ 10. 
1111/ pan. 12623.

 13. Wolf AR. Effects of regional analgesia on stress responses to pediatric 
surgery. Paediatr Anaesth. 2012;22:19–24. https:// doi. org/ 10. 1111/j. 1460- 
9592. 2011. 03714.x.

 14. Shah H , B, J S , Bhavsar M , Attal P, Ghosh S, Gandhi M, et al. A compara-
tive study of caudal epidural anaesthesia versus general anaesthesia 
for lower abdominal and lower limb surgery in paediatric patients. Int J 
Biomed Res. 2013;4:589–95. https:// doi. org/ 10. 7439/ ijbr. v4i11. 397.

 15. Šabanović Adilović A, Rizvanović N, Adilović H, Ejubović M, Jakić A, Maksić 
H, et al. Caudal block with analgosedation - a superior anaesthesia tech-
nique for lower abdominal surgery in paediatric population. Med Glas 
(Zenica). 2019;16:1017–9. https:// doi. org/ 10. 17392/ 1017- 19.

 16. Siddiqui ZI, Denman WT, Schumann R, Hackford A, Cepeda MS, Carr DB. 
Local anesthetic infiltration versus caudal epidural block for anorectal 
surgery: a randomized controlled trial. J Clin Anesth. 2007;19:269–73. 
https:// doi. org/ 10. 1016/j. jclin ane. 2006. 12. 004.

 17. Jaffar Al-Sa’adi MH. Assessment of surgeon performed caudal block for 
anorectal surgery. Asian J Surg. 2019;42:240–3. https:// doi. org/ 10. 1016/j. 
asjsur. 2018. 05. 006.

 18. Shon YJ, Huh J, Kang SS, Bae SK, Kang RA, Kim DK. Comparison of saddle, 
lumbar epidural and caudal blocks on anal sphincter tone: A prospective, 
randomized study. J Int Med Res. 2016;44:1061–71. https:// doi. org/ 10. 
1177/ 03000 60516 659393.

 19. Alizadeh F, Heydari SM, Nejadgashti R. Effectiveness of caudal epidural 
block on interaoperative blood loss during hypospadias repair: A rand-
omized clinical trial. J Pediatr Urol. 2018;14:420.e1-420.e5. https:// doi. org/ 
10. 1016/j. jpurol. 2018. 03. 025.

 20. Kim JS, Park WK, Lee MH, Hwang KH, Kim HS, Lee JR. Caudal analgesia 
reduces the sevoflurane requirement for LMA removal in anesthetized 
children. Korean J Anesthesiol. 2010;58:527–31. https:// doi. org/ 10. 4097/ 
kjae. 2010. 58.6. 527.

 21. Shanthanna H, Singh B, Guyatt G. A systematic review and meta-analysis 
of caudal block as compared to noncaudal regional techniques for ingui-
nal surgeries in children. Biomed Res Int. 2014;2014: 890626. https:// doi. 
org/ 10. 1155/ 2014/ 890626.

 22. Benka AU, Pandurov M, Galambos IF, Rakić G, Vrsajkov V, Drašković B. 
Efeitos do bloqueio peridural caudal em pacientes cirúrgicos pediátri-
cos: estudo randomizado [Effects of caudal block in pediatric surgical 
patients: a randomized clinical trial]. Rev Bras Anestesiol. 2020;70(2):97–
103. https:// doi. org/ 10. 1016/j. bjan. 2019. 12. 003.

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

https://doi.org/10.1111/pan.12543
https://doi.org/10.1016/j.jpain.2018.02.013
https://doi.org/10.1007/s00383-016-3910-5
https://doi.org/10.1007/s00383-016-3910-5
https://doi.org/10.1089/lap.2019.0165
https://doi.org/10.1007/s00384-018-3179-3
https://doi.org/10.1007/s00384-018-3179-3
https://doi.org/10.1111/pan.12512
https://doi.org/10.1111/pan.12623
https://doi.org/10.1111/pan.12623
https://doi.org/10.1111/j.1460-9592.2011.03714.x
https://doi.org/10.1111/j.1460-9592.2011.03714.x
https://doi.org/10.7439/ijbr.v4i11.397
https://doi.org/10.17392/1017-19
https://doi.org/10.1016/j.jclinane.2006.12.004
https://doi.org/10.1016/j.asjsur.2018.05.006
https://doi.org/10.1016/j.asjsur.2018.05.006
https://doi.org/10.1177/0300060516659393
https://doi.org/10.1177/0300060516659393
https://doi.org/10.1016/j.jpurol.2018.03.025
https://doi.org/10.1016/j.jpurol.2018.03.025
https://doi.org/10.4097/kjae.2010.58.6.527
https://doi.org/10.4097/kjae.2010.58.6.527
https://doi.org/10.1155/2014/890626
https://doi.org/10.1155/2014/890626
https://doi.org/10.1016/j.bjan.2019.12.003

	General versus general anaesthesia combined with caudal block in laparoscopic-assisted Soave pull-through of Hirschsprung disease: a retrospective study
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Methods
	Study design
	Anesthesia protocol

	Evaluation of intraoperative hemodynamic, duration of operation, recovery time, transanal operation time, postoperative pain intensity and postoperative side effects
	Statistical analysis

	Results
	Discussion
	Conclusion
	Acknowledgements
	References


