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Laparoscopic repair as an alternative option for pediatric inguinal hernia has increased worldwide. 
We aimed to analyze the surgical methods of inguinal hernia repair among children, adolescents and 
young adults, and evaluate the surgical outcomes of reoperation and postoperative complications. This 
is a hospital-based retrospective cohort study. 3249 inpatients who were ≤ 25 years and underwent 
inguinal hernia repair between 2015 and 2021 were included. Baseline data, hernia characteristics, 
surgical approach and technique, outcomes including reoperation and postoperative complications 
before discharge were identified from electronic medical records. Multivariable Cox regression and 
logistic regression were used to analyze the association between surgical methods and outcomes. Of 
all participants, 72.82% were children younger than 9 years, 79.62% were male, 81.19% underwent 
laparoscopic surgery. Laparoscopic sac high ligation was the mostly used method among infants and 
children who were younger than 13 years (from 61.11% in 10–12 years old to 96.77% in 0–3 years old), 
open and laparoscopic tension-free repairs were more common for adolescents and young adults older 
than 13 years (from 92.38% in 13–15 years old to 100% in 19–21 years old). During a median follow-up 
of 51.91 months, 24 (0.74%) reoperations were identified, including 3 (0.09%) ipsilateral recurrence, 
and 21 (0.65%) metachronous contralateral inguinal hernia (MCIH) repair. The rate of complications 
before discharge was 0.37%. There were no significantly differences in reoperation (aHR = 0.51, 
95%CI: 0.12–2.19) and complications (aOR = 0.83, 95%CI: 0.17–4.11) between laparoscopic and open 
surgery. Age < 3 years (aHR = 6.40, 95%CI: 1.66–24.61), unilateral hernia (aHR = 11.09, 95%CI: 1.46–
84.30), and anemia (aHR = 8.58, 95%CI: 1.94–38.05) were independent risk factors for reoperation. 
Obstruction/gangrene was independent risk factor for complications (aOR = 17.16, 95%CI: 4.07–72.38). 
Laparoscopic sac high ligation was most commonly performed in children < 13 years, and open and 
laparoscopic tension-free repairs were more frequently in those > 13 years. Both laparoscopic and open 
approaches were safe and effective, with low incidence of reoperations and complications.
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Background
Inguinal hernia is one of the most common surgical condition, with more than 32  million inguinal hernia 
patients worldwide in 20191,2. The age distribution for inguinal hernia repair demonstrates bimodal peak at 
early childhood and old age, and inguinal hernia repairs are one of the most commonly performed pediatric 
operations3–5. In children, an inguinal hernia is thought to be caused by protrusion of the intestine into the 
unclosed processus vaginalis4. While in old adults, inguinal hernia is more likely due to weakening connective 
tissue and decreased abdominal wall resistance6. Inguinal hernia may be asymptomatic in some children, 
however, surgical repair is always necessary, as there is high risk of incarceration, involving bowel, testis, or 
ovary5,7,8.
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There are significant differences in the surgical approach, technique, and treatment strategy of inguinal 
hernias between children and adults. In terms of the surgical approach, open inguinal hernia repair was reported 
to be the most performed and an excellent treatment strategy in children8,9. However, with the development 
of minimally invasive surgery, laparoscopic inguinal hernia repair (LIHR) has progressed rapidly in the past 
decades6. In adults, LIHR is gradually increasing in countries such as Korea, Italy, and United States6,10,11. This 
same trend may present in the pediatric population6, although there is a lack of study concerning the different 
pattern of laparoscopic repairs in children and young adults.

In terms of the surgical techniques, hernia sac high ligation was the main surgical method in children, 
including intracorporeal and extracorporeal closing the internal ring6,12. While in adults, tension-free repair 
such as Lichtenstein repair was considered as the gold standard for inguinal hernia13. In addition, exploration 
and closure of contralateral patent processus vaginalis (CPPV) is still controversial in pediatric patients8. The 
surgical approach, technique and treatment strategy used for children varied dramatically between studies, 
which has great impact on hernia surgery outcomes. Long-term follow-up to evaluate the surgical outcomes 
after inguinal hernia repair in children was necessary.

In recent years, laparoscopic repair was also commonly adopted among adult inguinal hernia patients in 
China14. However, the surgical methods for inguinal hernia among children in specialized hernia center remains 
unclear. In addition, long-term follow-up results of laparoscopic and open repair of inguinal hernias in children 
are lacking. Therefore, the aim of this study was to analyze the surgical methods of inguinal hernia repair among 
children, adolescents and young adults of different sex and age, and to compare surgical outcomes including 
reoperation and complications after laparoscopic and open inguinal hernia repair in a large hernia center in 
China.

Methods
Study design and data source
This is a hospital-based retrospective cohort study. We used the front sheet data of medical record of inguinal 
hernia inpatients between January 1, 2015 and December 31, 2021 in the Department of Hernia and Abdominal 
Wall Surgery, Beijing Chaoyang Hospital, Capital Medical University, which is a large hernia center in Beijing, 
China. The front sheet data of medical record contained all admission records during the study period. Thus, 
patients with multiple admissions could be identified. The front sheet data included information of demographic 
characteristics, discharge diagnoses, and surgical procedures, which was obtained directly and in anonymous 
format from hospital information systems. Inguinal hernia, comorbidities, and postoperative complications 
during hospitalization were diagnosed and coded by surgeons according to the 10th revision of the International 
Classification of Diseases (ICD-10). Surgical methods were recorded by surgeons according to the 9th revision of 
the International Classification of Diseases (ICD-9). This study was performed in line with the principles of the 
Declaration of Helsinki. Approval was granted by the Institutional Review Board of Beijing Chaoyang Hospital, 
Capital Medical University. The requirement for informed consent was waived by institutional review board of 
Beijing Chaoyang Hospital due to the retrospective nature of the study and the anonymous nature of the data.

Study population
Inclusion criteria for this study were children, adolescents and young adults with inguinal hernia who aged ≤ 25 
years, and underwent initial inguinal hernia repair in the Department of Hernia and Abdominal Wall Surgery, 
Beijing Chaoyang Hospital between January 1, 2015 and December 31, 2021. During the study period, we 
identified 19,084 admission records of inguinal hernia patients by ICD-10 codes of K40 in the main discharge 
diagnosis, including K40.0 (Bilateral inguinal hernia, with obstruction, without gangrene), K40.1 (Bilateral 
inguinal hernia, with gangrene), K40.2 (Bilateral inguinal hernia, without obstruction or gangrene), K40.3 
(Unilateral or unspecified inguinal hernia, with obstruction, without gangrene), K40.4 (Unilateral or unspecified 
inguinal hernia, with gangrene), and K40.9 (Unilateral or unspecified inguinal hernia, without obstruction or 
gangrene). Firstly, we excluded 701 records with no surgery information. Then, the first admission record of 
every inpatient was included (n = 17739), of which 3252 were inpatients aged ≤ 25 years. After checking the 
surgical procedure codes, a further three inpatients received only laparoscopic exploration and no hernia repair 
were excluded. Eventually, a total of 3249 patients who received inguinal hernia repair were included in the 
analysis (Fig. 1).

Definition of surgical methods
Surgical methods were identified by ICD-9 codes of surgical procedures in the medical records. Surgical 
approaches were categorized as laparoscopic and open repair. Surgical techniques were categorized as hernia 
sac high ligation (laparoscopic or open), and tension-free repair. After combining the above two classification 
standards, surgical methods were further categorized as four group: laparoscopic sac high ligation, laparoscopic 
tension-free repair, open sac high ligation, and open tension-free repair.

Outcomes
The main outcome of interest was reoperation for inguinal hernia. A second inguinal hernia repair at the same 
hernia center after the initial inguinal hernia surgery was identified and considered as reoperation. In this study, 
reoperation included operation for ipsilateral recurrence and operation for metachronous contralateral inguinal 
hernia (MCIH), which was identified by reviewing the medical records of the initial and the second operation. 
There were some patients with bilateral hernia whose hernia repair surgery was performed in two sessions. For 
these patients, the second operation was not considered as reoperation.

Secondary outcome was postoperative complications diagnosed before discharge. Postoperative complications 
assessed in this study included complications of procedures (T81), infections of the skin and subcutaneous 
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tissue (L00-L08), symptoms and signs involving the circulatory and respiratory systems (R00-R09), metabolic 
disorders (E70-E90), coagulation defect (D68.9).

In this study, all participants were followed from the admission date of the initial inguinal hernia repair to 
the date of a second inguinal hernia repair, or until the follow-up ceased (June 30, 2022), whichever came first.

Covariates
The demographic and clinical characteristics were collected as covariates, including: sex, age (< 3 years, 3–9 
years, 10–19 years, 20–25 years), indirect hernia (yes or no), emergency surgery (yes or no). Bilateral hernia, 
history of groin surgery, obstruction or gangrene, and comorbidities (including thrombocytosis, dyslipidemia, 
anemia, elevated blood glucose level) were identified by ICD-10 codes: bilateral hernia (K40.0-K40.2), history 
of groin surgery (Z98.8606), obstruction or gangrene (K40.0, K40.1, K40.3, K40.4), thrombocytosis (D75.201), 
dyslipidemia (E78), anemia (D64.902), elevated blood glucose level (R73).

Statistical analysis
Age was described by median and interquartile range (IQRs). Categorical variables were described as proportions. 
The distribution of surgical methods was presented according to eight age groups: 0–3 years, 4–6 years, 7–9 
years, 10–12 years, 13–15 years, 16–18 years, 19–21 years, and 22–25 years. We calculated the overall cumulated 
incidence of reoperation and complications. For patients who underwent reoperation, we described their clinical 
characteristics at the time of initial surgery, cause of reoperation (ipsilateral recurrence, MCIH), and time from 
initial surgery to reoperation. The incidence of ipsilateral recurrence and MCIH was calculated as well. χ2 test 
was used to compare the distribution of characteristics, incidence of reoperation and MCIH between different 
patients. Univariable and multivariable Cox regression models were used to analyze the association of surgical 
methods and reoperation, and to estimate crude hazard ratio (cHR), adjusted hazard ratio (aHR) and their 
95% confidence interval (CI). The association of surgical methods and MCIH was also analyzed. Univariable 

Fig. 1.  Flow diagram of the study participants.
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and multivariable logistic regression models were used to analyzed the association of surgical methods and 
complications, and to estimate crude odds ratio (cOR), adjusted odds ratio (aOR) and their 95% CIs. Surgical 
approach and techniques, age, sex, and other baseline characteristics which were significant in the univariable 
analysis were included in the multivariable analysis. All analyses were performed with SPSS Statistics for 
Windows, Version 19.0. Two-sided p values < 0.05 was considered as the threshold for statistical significance.

Results
Characteristics of study population
The demographic and clinical characteristics stratified by sex were present in Table  1. Of the 3249 patients 
included in the final analysis, 2587 (79.62%) were male, the median age was 5 years (IQR: 2–11 years). The 
proportion of patients aged < 3 years, 3–9 years, 10–19 years, and 20–25 years was 29.36%, 43.46%, 14.10%, 
and 13.08%, respectively. Male patients were more likely to be infants younger than 3 years (34.33% vs. 9.97%), 
have unilateral hernia (68.61% vs. 63.60%), have obstruction or gangrene (1.28% vs. 0.30%), have groin surgery 
history (5.64% vs. 1.81%) than female patients. The prevalence of dyslipidemia (2.36% vs. 1.06%), anemia (1.35% 
vs. 0.30%), and elevated blood glucose level (1.01% vs. 0.15%) was significantly higher in male patients than in 
female patients.

All
(n = 3249) No. (%)

Males
(n = 2587) No. (%)

Females
(n = 662) No. (%) P-value

Age group, years < 0.001

< 3 954(29.36) 888(34.33) 66(9.97)

3–9 1412(43.46) 1042(40.28) 370(55.89)

10–19 458(14.10) 346(13.37) 112(16.92)

20–25 425(13.08) 311(12.02) 114(17.22)

Bilateral 0.014

No 2196(67.59) 1775(68.61) 421(63.60)

Yes 1053(32.41) 812(31.39) 241(36.40)

Indirect hernia 0.297

Yes 3224(99.23) 2565(99.15) 659(99.55)

No 25(0.77) 22(0.85) 3(0.45)

Emergency 0.855

No 3188(98.12) 2539(98.14) 649(98.04)

Yes 61(1.88) 48(1.86) 13(1.96)

Obstruction/gangrene 0.030

No 3214(98.92) 2554(98.72) 660(99.70)

Yes 35(1.08) 33(1.28) 2(0.30)

History of groin surgery < 0.001

No 3091(95.14) 2441(94.36) 650(98.19)

Yes 158(4.86) 146(5.64) 12(1.81)

Thrombocytosis 0.839

No 3082(94.86) 2453(94.82) 629(95.02)

Yes 167(5.14) 134(5.18) 33(4.98)

Dyslipidemia 0.037

No 3181(97.91) 2526(97.64) 655(98.94)

Yes 68(2.09) 61(2.36) 7(1.06)

Anemia 0.023

No 3212(98.86) 2552(98.65) 660(99.70)

Yes 37(1.14) 35(1.35) 2(0.30)

Elevated blood glucose level 0.031

No 3222(99.17) 2561(98.99) 661(99.85)

Yes 27(0.83) 26(1.01) 1(0.15)

Surgical approach < 0.001

Open 611(18.81) 450(17.39) 161(24.32)

Laparoscopic 2638(81.19) 2137(82.61) 501(75.68)

Surgical technique 0.003

Sac high ligation 2421(74.52) 1957(75.65) 464(70.09)

Tension free repair 828(25.48) 630(24.35) 198(29.91)

Table 1.  Baseline characteristics of male and female participants.
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Surgical methods by sex and age groups
A total of 2638 patients (81.19%) underwent laparoscopic surgery, and 611 (18.81%) underwent open surgery. Sac 
high ligation was performed in 2421 patients (74.52%) and tension-free repair was performed in 828 (25.48%) 
patients. Laparoscopic sac high ligation was the most common surgical methods in both male (73.87%) and 
female patients (69.18%). The distribution of different surgical methods according to age groups were present 
in Fig. 2. Laparoscopic surgeries were most commonly performed among infants aged ≤ 3 years (97.95%), and 
decreased with the increasing age, reached the lowest in adolescents aged 13–15 years (15.24%). Laparoscopic 
sac high ligation was most common among infants and children who were younger than 13 years (from 61.11% 
in 10–12 years old to 96.77% in 0–3 years old). Open and laparoscopic tension-free repairs were more frequently 
among adolescents and young adults older than 13 years (from 92.38% in 13–15 years old to 100% in 19–21 years 
old, Table 2; Fig. 2).

Reoperations and complications
During a median follow-up of 51.91 months (IQR: 33.84–71.03), 26 patients received a second surgery, two 
of which received the second surgery for bilateral hernia. Thus, 24 out of 3249 (0.74%) patients underwent 
reoperation, including 3 (0.09%) ipsilateral recurrence, and 21 (0.65%) MCIH repair. Of all patients received 
reoperation, 21 (87.50%) were male, 15 (62.50%) had reoperation for right inguinal hernia repair. The median 
time from initial surgery to reoperation was 12.57 months (IQR: 9.96–22.16). At the time of initial surgery, 
12 (50.00%) were aged < 3 years, one (4.17%) had initial bilateral hernia, 14 (58.33%) underwent laparoscopic 
sac high ligation, 8 (33.33%) had open tension-free repair, and 2 (8.33%) had laparoscopic tension-free repair. 
23 patients received the same surgical methods for reoperation and the initial operation, except one patient 
received initial laparoscopic sac high ligation and subsequent open tension-free repair for reoperation.

Of the 3249 patients, 12 (0.37%) patients had postoperative complications before discharge, all of them 
were male patients. 5 (0.15%) had complications of metabolic disorders, 4 (0.12%) had symptoms and signs 
involving the circulatory and respiratory systems, 3 (0.09%) had complications of procedures, and 2 (0.06%) had 
coagulation defect. No infections of the skin and subcutaneous tissue were detected during the hospital stays in 
all participants.

Fig. 2.  The distribution of different surgical methods according to age groups (The bar chart shows the 
number of different surgical methods, and the line chart shows the percentage of different surgical methods).
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Association between surgical methods with reoperation and complications
The incidence of reoperation was 1.31% in open and 0.61% in laparoscopic group, 1.21% in tension-free and 
0.58% in sac high ligation group, with no significant differences between groups. Results of univariable analysis 
showed that the reoperation incidence was significantly higher in infants < 3 years and young adults aged 
between 20 and 25 years, patients with unilateral hernias, and patients with anemia. Results of multivariable 
Cox regression showed that < 3 years (aHR = 6.40, 95%CI: 1.66–24.61), unilateral hernia (aHR = 11.09, 95%CI: 
1.46–84.30), and anemia (aHR = 8.58, 95%CI: 1.94–38.05) were independent risk factors for reoperation. There 
were no significantly differences of reoperation between laparoscopic and open surgery (aHR = 0.51, 95%CI: 
0.12–2.19), or between sac high ligation and tension-free repair (aHR = 2.83, 95%CI: 0.35–22.75, Table 3). We 
also analyzed the association between surgical methods and MCIH. The incidence of MCIH was significantly 
higher in open than in laparoscopic group (1.31% vs. 0.49%, p = 0.047), and higher in tension-free than in sac 
high ligation group (1.21% vs. 0.45%, p = 0.020). However, there was no significant difference between open 
and laparoscopic group after adjusting for sex, age groups, and surgical techniques in multivariable analysis 
(aHR = 0.48, 95%CI: 0.13–1.75).

No. of participants No. of reoperation (%) P-value cHR (95%CI) aHR (95%CI)

Sex 0.480

Male 2587 21(0.81) 1.00 1.00

Female 662 3(0.45) 0.57(0.17–1.91) 0.76(0.22–2.67)

Age group, years 0.003

< 3 954 12(1.26) 5.84(1.65–20.68) 6.40(1.66–24.61)

3–9 1412 3(0.21) 1.00 1.00

10–19 458 2(0.44) 2.13(0.36–12.75) 0.44(0.04–4.44)

20–25 425 7(1.65) 8.05(2.08–31.15) 1.67(0.22–12.61)

Bilateral 0.003

No 2196 23(1.05) 10.94(1.48–81.04) 11.09(1.46–84.30)

Yes 1053 1(0.09) 1.00 1.00

Anemia 0.030

No 3212 22(0.68) 1.00 1.00

Yes 37 2(5.41) 8.22(1.93-35.00) 8.58(1.94–38.05)

Surgical approach 0.117

Open 611 8(1.31) 1.00 1.00

Laparoscopic 2638 16(0.61) 0.46(0.20–1.07) 0.51(0.12–2.19)

Surgical technique 0.068

Sac high ligation 2421 14(0.58) 1.00 1.00

Tension free repair 828 10(1.21) 2.17(0.97–4.89) 2.83(0.35–22.75)

Table 3.  Association of surgical methods and risk of reoperation. Adjusted for sex, age group, bilateral hernia, 
anemia, surgical approach and technique. cHR crude hazard ratio, aHR adjusted hazard ratio, CI confidence 
interval.

 

Laparoscopic No. (%) Open No. (%)

Sac high ligation
(n = 2369)

Tension-free
(n = 269)

Sac high ligation
(n = 52)

Tension-free
(n = 559)

Sex

Male 1911(73.87) 226(8.74) 46(1.78) 404(15.62)

Female 458(69.18) 43(6.50) 6(0.91) 155(23.41)

Age groups, years

0–3 1227(96.77) 15(1.18) 26(2.05) 0(0)

4–6 754(96.67) 5(0.64) 13(1.67) 8(1.03)

7–9 277(87.11) 4(1.26) 9(2.83) 28(8.81)

10–12 99(61.11) 4(2.47) 2(1.23) 57(35.19)

13–15 8(7.62) 8(7.62) 0(0) 89(84.76)

16–18 2(1.41) 35(24.65) 0(0) 105(73.94)

19–21 0(0) 56(36.36) 0(0) 98(63.64)

22–25 2(0.63) 142(44.38) 2(0.63) 174(54.38)

Table 2.  Surgical methods among participants according to sex and age groups.
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The complications rate was significantly higher in open than in laparoscopic group (0.98% vs. 0.23%, p = 0.016), 
and significantly higher in tension-free than in sac high ligation group (0.97% vs. 0.17%, p = 0.003). Results 
of univariable analysis showed that the complications rate was significantly higher in patients aged between 
10 and 25 years, and those with obstruction/gangrene. Results of multivariable logistic regression showed that 
obstruction/gangrene was independent risk factor for complications (aOR = 17.16, 95%CI: 4.07–72.38). There 
were no significantly differences of complications between laparoscopic and open surgery (aOR = 0.83, 95%CI: 
0.17–4.11), or between sac high ligation and tension-free repair after controlling for age group and obstruction/
gangrene (aOR = 2.82, 95%CI: 0.16–48.76, Table 4).

Discussion
In this hospital-based cohort study, we present our experience of inguinal hernia repair in children, adolescents, 
and young adults between 2015 and 2021, aiming to analyze the surgical methods and evaluate the surgical 
outcomes of laparoscopic and open inguinal hernia repairs. We found that laparoscopic sac high ligation was 
most commonly performed among infants and children who were younger than 13 years, while open and 
laparoscopic tension-free repairs were more frequently among adolescents and young adults older than 13 
years. The incidence of reoperation and complications were 0.74% and 0.37%, which were comparable between 
laparoscopic and open surgery groups. Our results suggested that both laparoscopic and open surgeries were 
equally acceptable for inguinal hernia repairs among pediatric patients, with low incidence of reoperation and 
minimal complications.

In the present study, we found that laparoscopic repair was commonly performed in pediatric inguinal 
hernias, especially among infants and children who were younger than 13 years. Throughout the past two 
decades, laparoscopy has come to prominence as an alternative approach to pediatric inguinal hernia repair15. 
Overall, LIHR was performed in over 80% of patients aged younger than 25 years in our study, which was more 
commonly than 49% in adult inguinal hernia patients in our previous study14. Laparoscopic repairs have become 
the mainstream for children in our hernia center. This benefits from the sufficient equipment and experienced 
surgeons in large volume hernia center. On the contrary, open inguinal hernia repairs still dominant in children 
in United States and German, although laparoscopic repair is increasingly used in these countries16,17. The 
advantages of LIHR in children included closure the deep ring under direct vision, high-definition visualization 
of vas deferens or the spermatic vessels, and reduced tissue trauma to these structures12,18. At the same time, 
surgeons could visualize the contralateral internal inguinal ring and repair contralateral hernias, which has the 
potential of eliminating the risk of a metachronous hernia developing12.

In terms of the surgical techniques, we found that laparoscopic or open sac high ligation was mainly used 
for infants and children. In our center, laparoscopic sac high ligation was performed under the assistance of a 
needle-type grasper and using extracorporeal suture repair with the knot buried subcutaneously, which was 
simple and rapid15,19. A 5 mm incision was made within the umbilicus for trocar, and two 1.5 mm skin incision 
was made for needle-type grasper and endo-closure device19. The single 5 mm trocar site scar was hidden very 
nicely within the umbilicus, and reduced the risk of scar infection for infants15. For infants and younger children, 
the scar after open inguinal hernia repair was located into the diaper with a high risk of contamination15,20. 
While after LIHR, there was a lower incidence of scar infections in patients under 2 years of age, as the umbilical 

No. of participants No. of complications (%) P-value cOR (95%CI) aOR (95%CI)

Sex 0.163

Male 2587 12(0.46) - -

Female 662 0(0) - -

Age group, years 0.015

< 3 954 3(0.31) 4.45(0.46–42.86) 4.16(0.43–40.68)

3–9 1412 1(0.07) 1.00 1.00

10–19 458 4(0.87) 12.43(1.39-111.51) 3.97(0.17–93.31)

20–25 425 4(0.94) 13.41(1.49-120.27) 2.87(0.11–76.24)

Obstruction/gangrene < 0.001

No 3214 9(0.28) 1.00 1.00

Yes 35 3(8.57) 33.39(8.64-129.07) 17.16(4.07–72.38)

Surgical approach 0.016

Open 611 6(0.98) 1.00 1.00

Laparoscopic 2638 6(0.23) 0.23(0.07–0.72) 0.83(0.17–4.11)

Surgical technique 0.003

Sac high ligation 2421 4(0.17) 1.00 1.00

Tension free repair 828 8(0.97) 5.90(1.77–19.63) 2.82(0.16–48.76)

Table 4.  Association of surgical methods and risk of complications. Adjusted for age group, obstruction/
gangrene, surgical approach and technique. cOR crude odds ratio, aOR adjusted odds ratio, CI confidence 
interval.
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scar after laparoscopic repair was outside the diaper coverage area9. In the present study, no infections of the skin 
and subcutaneous tissue were detected during the hospital stays in all patients.

In our study, we found that tension-free repair gradually increased with the increasing age, and became the 
most commonly used techniques for adolescents and young adults older than 13 years. For children aged older 
than 13 years who had large hernia defect (> 2.5 cm), or those with slow or finished growth of abdominal wall, 
or those with high risk of increased abdominal pressure, simple sac high ligation was no longer appropriate19,21. 
These patients were treated with mesh to repair the transverse fascia, strengthen the posterior wall of the inguinal 
canal, so as to minimize recurrence19.

The evidence published to date comparing open versus laparoscopic surgery supports that recurrence rates 
are similar between the two methods12. A systematic review including ten studies with 1270 patients found 
no differences in recurrence rate and complications between laparoscopic and open inguinal hernia repair in 
children under 18 years22. In this study, we compared the incidence of reoperation after laparoscopic and open 
inguinal hernia repair, and no significant difference was found in our cohort. Reoperation rate was low in our 
cohort, which was 0.61% in laparoscopic and 1.31% in open surgery. Only three ipsilateral recurrences were 
observed in this study, with a recurrence rate of 0.09%, which was lower than the recurrence rate between 0.5% 
and 6.0% published by previous studies21,23. Our results suggested that both laparoscopic and open inguinal 
hernia repairs were effective for children and young adults younger than 25 years.

In the present study, we found that most patients received reoperation for MCIH. The incidence of MCIH 
was significantly higher in open than in laparoscopic group (1.31% vs. 0.49%). However, multivariable analysis 
showed that there was no significant difference between open and laparoscopic surgery after adjusting for sex, 
age, and surgical techniques. The reduced incidence of MCIH after LIHR was observed in previous studies23,24, 
which was against the results of multivariable analysis in our study. Safa et al. conducted a retrospective cohort 
study including 1952 patients and found that LIHR in children resulted in a decrease in the incidence of MCIH 
compared to open surgery, since a contralateral PPV was always closed during LIHR in their study24. Wu et al. 
included 2059 children with inguinal hernia, and found that the incidence rate of MCIH was reduced from 3.7% 
in open repair to 0.3% in LIHR after performing prophylactic ligation of CPPV23. There is a lack of studies in the 
literature with findings similar to our study, future analyses remain necessary. In our center, we also performed 
routine contralateral exploration and closed the CPPV, which might contribute to the low incidence of MCIH 
in this study. However, contralateral exploration and closure of asymptomatic PPV remains controversial in 
pediatric patients23,25. Evidence indicated that routine repair of CPPV reduced the rate of subsequent MCIH, 
but 21 contralateral PPVs needed to be closed to prevent one MCIH25. There is concern that a routine repair 
may result in overtreatment25. We can assume that closing of CPPV can prevent development of an MCIH8, but 
further study is necessary to evaluated the benefits and risks of this strategy.

In this study, we found that age < 3 years old, uniliteral hernia, and anemia were independent risk factors 
for reoperation. The risk of reoperation in infants younger than 3 years was 6 times higher than in children 
aged 3–9 years old. This might be due to the narrowing or obliterating of PPV as children grow older26. In 
addition, patients with initial unilateral hernia repair had higher risk of operation than those with bilateral 
hernias, and more than 60% of patients had reoperation for right-sided inguinal hernias. This might because that 
the left testis descends before the right and commonly closes first, resulting in a higher incidence of right-sided 
inguinal hernias in boys27. Therefore, children with initial left-sided hernia might have higher risk of reoperation 
for a contralateral hernia27. Children with anemia was also identified as high-risk patients for reoperation in 
this study. This was similar to previous study showed that anemia was a significant risk factor for unfavorable 
postoperative outcome in patients undergoing general surgery28. Since anemia is a modifiable risk factor, it 
should be corrected before surgery to improve surgical outcomes28. Our findings suggested that infants younger 
than 3 years and those with unilateral hernias might benefit more from routine CPPV exploration and closure, 
and parents needed to be appropriately counselled before surgery29.

Obstruction or gangrene was found to be the only independent risk factor for in-hospital complications in 
our study. It was reported that infants younger than one years had an incidence of 13.28% for incarcerated hernia, 
which was associated with higher risk of longer operative time, hospital stay and higher hospital costs26. Thus, 
we assumed that earlier repair of elective hernias to minimize the risk of obstruction might reduce subsequent 
complications. However, most inguinal hernias are asymptomatic in children, and they are often found during 
routine physical examination or when incarcerated, especially for infants who are unable to communicate the 
presence of an inguinal hernia26,27. Therefore, parents should pay attention to signs and symptoms related to 
inguinal hernia and incarceration, including sudden appearance of a bulge in the inguinal region or scrotum/
labia during diaper change or after bathing, and obstructive symptoms such as nausea, vomiting, lack of bowel 
function, and abdominal distention20,27.

Our study has several limitations. First, some factors might be related with reoperation were not available 
from the front sheet of medical records, such as the laterality, size, and classification of inguinal hernia. These 
factors could not be controlled in this study, which might bias our results. Second, some patients with recurrence 
might not go back to our center for reoperation due to various reasons. Thus, the reoperation rate might be 
underestimated. Third, long-term postoperative complications were not captured by front sheet data of medical 
record. Only complications recorded before discharge were analyzed in this study. Despite this, this study 
covered a 7-year period, which provided us with valuable information about the surgical methods and surgical 
outcomes for laparoscopic and open inguinal hernia repairs. All patients younger than 25 years old who received 
inguinal hernia repair between 2015 and 2021 were included. The different surgical methods of infants, children, 
adolescents, and young adults were systematically analyzed. Meanwhile, the median follow-up was 51.91 months 
in this study. This long-term follow-up enabled us to detect the relatively rare recurrence and MCIH of inguinal 
hernia repairs.
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Conclusion
Laparoscopic hernia sac high ligation was most commonly performed among infants and children younger than 
13 years, and open and laparoscopic tension-free repairs were more frequently among adolescents and young 
adults older than 13 years. Both laparoscopic and open repairs were safe and effective, with low incidence of 
reoperations and complications.

Data availability
The data associated with the paper are not publicly available but are available from the corresponding author on 
reasonable request.
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