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Abstract 

Introduction: This study aimed to investigate and compare the surgical complications following 

laparoscopic inguinal hernia repair (LIHR) with those following open inguinal hernia repair (OIHR). 

Methods: This was a retrospective cohort study based on nationwide claims data. We extracted the data of 

patients aged ≥20 years who underwent inguinal hernia repair (IHR) between 2009 and 2020. The primary 

outcome was postoperative complications of IHR, and the secondary outcomes were recurrence of hernia 

and length of hospital stay. Patient characteristics were adjusted with propensity score (PS) matching, the 

annual proportion of LIHR versus OIHR were summarized, and the surgical outcomes of each IHR were 

analyzed.  

Results: Of the 15,728 eligible patients, 6,512 underwent LIHR. The proportion of LIHR increased from 

14.7% to 52.8% annually during the study period. From the analysis of 6,060 pairs created by PS matching, 

the risk of surgical site infection (odds ratio [OR] 0.70; 95% confidence interval [CI] 0.56-0.86; p=0.0007), 

and acute postoperative pain (OR 0.69; 95% CI 0.60-0.79; p<0.0001), and chronic postoperative pain (OR 

0.83; 95% CI 0.70-0.98; p=0.0291) was significantly lower with LIHR than with OIHR. The recurrent rate 

was not significantly different between the LIHR and OIHR groups (OR, 0.68; 95% CI 0.45-1.01; 

p=0.0558). Furthermore, no significant difference was found in the length of hospital stay between the 

LIHR and OIHR groups ([2.91±1.94 days] versus [2.97±2.61 days], difference ± SE: 0.06±0.04, p=0.1307).  

Conclusion: LIHR might be superior to OIHR in terms of fewer surgical complications and might be 

preferred over OIHR in the future. 
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Introduction 

Surgical repair is the primary treatment for inguinal hernia and is one of the most common procedures in 

general surgery1,2. Although open inguinal hernia repair (OIHR) was the standard surgery for inguinal 

hernia, laparoscopic inguinal hernia repair (LIHR), which was developed in 1990, has become more 

popular; a retrospective study in the US reported that the rate of LIHR increased from 24.2% to 34.8% 

between 2010 and 2015 3-6. Various studies have reported the advantages of LIHR, such as reduced 

postoperative pain, fewer complications including hematoma and nerve damage, and a lesser rate of chronic 

pain, compared with the OIHR7-15. The postoperative recurrence rate following LIHR is reported to be 

nearly equivalent to that following OIHR16-18. Although LIHR takes longer to perform and is more 

expensive than OIHR, it is considered beneficial in terms of social health economics due to the quick 

recovery after surgery 7,14, 15. Based on these studies, several guidelines have conditionally recommended 

LIHR for the treatment of inguinal hernia19,20. The condition includes that a surgeon must have specific 

expertise in performing LIHR for primary unilateral in male or primary bilateral hernias 19. In a multicenter, 

randomized trial comparing OIHR and LIHR, no difference was found in the recurrence rates when the 

procedures were performed by experienced surgeons21. Despite the recent increase in the adoption of 

laparoscopic surgery and number of experienced surgeons, there have been few recent randomized 

controlled trials (RCTs) or observational studies on LIHR with large sample sizes.  

Therefore, observational studies using medical data of a large number of subjects are necessary to evaluate 



6 

 

the outcomes of laparoscopic surgery compared with open surgery for inguinal hernia repair (IHR). In this 

study, we aimed to compare the outcomes of LIHR and OIHR. 

 

Materials and Methods 

The Ethics Committee of Kyoto University School of Medicine approved this study protocol (approval no. 

R2575; May 11, 2021). The study was conducted according to the Strengthening the Reporting of 

Observational Studies in Epidemiology (STROBE) guidelines22 and performed in accordance with the 

ethical standards laid down in the Declaration of Helsinki. The requirement for informed consent was 

waived because patient information was anonymized.  

 

Data sources 

A retrospective cohort study was conducted to compare the outcomes of LIHR and OIHR in adults, using 

a nationwide commercial medical database provided by JMDC Inc. (Tokyo, Japan). The JMDC claims 

database comprises inpatient, outpatient, and pharmacy data collected from over 400 health insurers 

throughout Japan from 2005 to 2020. The database has the data of 7.3 million people, including employees 

and their families, which covers approximately 9% of the Japanese population23, 24. The data of each patient 

can be traced unless the employee withdraws from the health insurance. The database includes patient 

characteristics, hospital/pharmacy claims data, and diagnoses coded according to the Medical Information 



7 

 

System Development Center (MEDIS-DC, Tokyo, Japan); these codes correspond to the International 

Classification of Diseases 10th revision (ICD-10) codes25, World Health Organization Anatomical 

Therapeutic Chemical (ATC) codes as drug information, and Japanese standardized procedure codes (K 

code) as procedural information. 

 

Study population 

Patients aged ≥20 years who underwent IHR for the first time (ICD-10 code: K402, K403, K404, K409) 

except for femoral hernia cases between January 2009 and September 2020 were identified from the JMDC 

database. We excluded the following patients: those who (1) underwent another surgery simultaneously, (2) 

underwent emergency surgery for strangulated hernia, (3) underwent IHR for recurrent hernia, which is 

defined as inguinal hernia that occurred after IHR (ICD-10 code; K409), (4) had a previous laparotomy or 

previous laparoscopic surgery , because laparoscopic surgery might be difficult in such patients, (5) had a 

history of retropubic or robot-assisted laparoscopic radical prostatectomy (K code: K843), we divided these 

to describe  the number of cases that occurred after prostate surgery,  known as the risk factor of inguinal 

hernia, and (6) had inadequate data 26. The study population was divided into two groups: LIHR and OIHR. 

 

Patient and institutional characteristics 

Patient characteristics included age, sex, hernia type (unilateral or bilateral), medication identified by the 
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ATC code, comorbidities, and Charlson comorbidity index score27, 28. To ascertain the presence of specific 

comorbidities such as myocardial infraction, chronic obstructive pulmonary disease, and other diseases 

listed in the Charlson comorbidity index score, we used the diagnostic ICD-10 codes from all claims records 

within 360 days before the day of the index surgery. For information about the medical facility, the JMDC’s 

institutional code was used. We classified the number of hospital beds into 0-19, 20–199, 200-299, 300-

499, and ≥500 beds. The hospital categories were divided into university hospitals and non-university 

hospitals.  

 

Outcomes 

The primary outcome was the incidence of postoperative complications in the two groups (LIHR and 

OIHR). In a previous study, these complications were defined as surgical site infections (SSI), acute pain, 

bleeding, seroma, fever, pneumonia, urinary tract infection, bladder injury, vas deferens injury, intestinal 

injury, and bowel obstruction within 30 days postoperatively and identified by MEDIS-DC codes (Online 

Resource 1)29. In addition, chronic pain was defined as pain lasting at least 3months, postoperatively, as 

identified by MEDIS-DS and ATC codes. The secondary outcome was the duration of anesthesia, 

recurrence rate, and length of hospital stay in the two groups. A recurrence hernia was defined as a hernia 

that occurred after the primary hernia. We also evaluated the outcomes in each year from 2009 to 2020. 
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Statistical analyses 

For each surgery, the number and percentage of the overall covariate were calculated, and descriptive 

statistics were used to summarize the patient- or hospital-level data. Categorical variables are presented as 

numbers and percentages (%). Continuous variables are presented as mean and standard deviation (SD) if 

the data were normally distributed or as the median and interquartile range (IQR) if the data were non-

normally distributed. Student’s t-test or Mann-Whitney U test was used for comparison of continuous 

variables, and the chi-square test was used for comparison of categorical variables. 

To adjust for confounders, a propensity score (PS) was calculated using patient/hospital backgrounds, 

medications, and other covariates. A nearest-neighbor matching without replacement was performed in a 

ratio of 1:1. The caliper was set by multiplying the SD of the logit of PS by 0.2. A multivariable logistic 

regression model was used to estimate the PS, and adjusted odds ratio (OR) and 95% confidence interval 

(CI) was calculated30. Standardized differences were used to measure the balance of covariates. A covariate 

was considered balanced if the absolute value of the standardized difference was less than 10%.  

Subgroup analysis was performed by dividing the cohort into two groups; pre-2016 and post-2016 because 

we hypothesized that post-2016 surgical cases might have been affected by the implementation of the 

Japanese guidelines, an increase in LIHR, and improved physician skills 19, 20. 

In addition, two sensitivity analyses were performed for the robustness of the research. First, we analyzed 

whether the postoperative observation period affected the occurrence of complications by changing the 
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observation period for postoperative complications to 60 or 90 days. Moreover, chronic postoperative pain 

was analyzed by changing the observation period to 120 or 180 days. Second, we used a multilevel logistic 

regression model to account for the differences between hospitals. Hospital identification (ID) was included 

as a random effect, and other covariates including age, sex, comorbidities, and number of beds at the 

hospitals, were included as fixed effects. Statistical significance was set at p < 0.05 due to the exploratory 

nature of this study. Data analyses were performed using SAS version 9.4 software (SAS Institute Inc., 

Cary, NC, USA). 

 

Results 

Patient characteristics 

We identified 15,728 adults from 2,851 institutions (range: 1-342 patients per institution) who underwent 

IHR and met the eligibility criteria (Figure 1). The number of eligible patients was 6,512 and 9,216 in the 

LIHR and OIHR groups, respectively. Table 1 summarizes the patient characteristics. The proportion of 

male was significantly higher than that of female (LIHR, 92.2%; OIHR, 91.4%). The mean age (SD) was 

52.6 (11.9) years in the LIHR group and 53.3 (12.3) years in the OIHR group.  There were more bilateral 

cases with LIHR than OIHR (LIHR, 66.3% versus OIHR, 33.7%). The Charlson comorbidity index score 

was not significantly different between the groups (median 0 (IQR 0-1), respectively). 
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Annual number and percentage of each surgery  

We examined changes in the population who underwent LIHR through the 11.5 years included in this study. 

Figure 2 shows the annual number of each IHR type from 2009 to 2020. The annual percentage of LIHR 

increased from 14.7% (15/102 in 2009) to 52.8% (731/1,385 in 2020) within the 11.5 years.  

 

Outcomes and PS matching  

The outcomes of each type of inguinal hernia repair are shown in Online Resource 2. PS matching was used 

to form 6,060 pairs of patients. The logistic model for estimating PS had a C-statistic of 0.695. All 

confounders showed less than 10% standardized differences, and the balance of patients between groups 

was good after PS matching (Table 1). Table 2 reports the OR and 95% CI for postoperative complications 

and recurrence after adjusting for patient characteristics. We found that LIHR significantly reduced the risk 

of SSI (OR, 0.70; 95% CI, 0.56-0.86; p=0.0007), acute postoperative pain (OR, 0.69; 95% CI, 0.60-0.79; 

p<0.0001) and chronic postoperative pain (OR, 0.83; 95% CI, 0.70-0.98; p=0.0291) compared with OIHR. 

No significant difference was found in the incidence of inguinal hernia recurrence (OR, 0.68; 95% CI 0.45-

1.01; p=0.0558). Moreover, no significant difference was noted between the LIHR and OIHR groups in 

terms of the length of hospital stay (LIHR [2.91±1.94 days] versus OIHR [2.97±2.61 days], p=0.1307) 

(Table 2). In terms of anesthesia time, LIHR consumed more time than OIHR (LIHR [141±49.4 min] versus 

OIHR [51.4±54.9 min], p<0.0001) (Online resource 2). However, due to a large amount of missing data, 
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anesthesia time was excluded from the analysis. 

 

Subgroup analysis 

The outcomes before and after 2016 were examined to evaluate the influence of the time period on LIHR. 

In addition to the primary analysis, we found that LIHR significantly decreased the incidence of SSI and 

acute postoperative pain regardless of the period (Online Resource 3). The risk of recurrence following 

laparoscopic surgery before 2016 was significantly lower (pre-2016: OR 0.50; 95% CI 0.26-0.98; 

p=0.0422); the risk of recurrence after 2016 was not (post-2016: OR 0.91; 95% CI 0.57-1.45; p=0.6681). 

The hospital stay following LIHR pre-2016 was significantly shorter than that following OIHR (LIHR 

[2.96±1.87 days] versus OIHR [3.17±2.83 days], p=0.0240) (Online Resource 3). 

 

Sensitivity analysis  

When the observation period for the postoperative complications was adjusted, the sensitivity analyses 

showed that the estimated odds ratios for those complications did not change (Table 3). In addition, in the 

multilevel analysis that accounted for the differences between hospitals, the OR of acute postoperative pain 

was significantly different to that in the main analysis (OR 0.66; 95% CI 0.55-0.80; p<0.0001), although 

no significant risk of SSI (OR 0.91; 95% CI 0.69-1.20; p=0.4795) and chronic postoperative pain (OR 0.85; 

95% CI 0.71-1.01; p=0.0577) was observed between OIHR and LIHR (Online resource 4). 
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Discussion 

This study compared the surgical outcomes of LIHR, which has been widely adopted in recent years, with 

those of OIHR. In this study, we demonstrated that the use of LIHR has increased over the years and is 

associated with fewer events of SSI and acute/chronic postoperative pain compared with OIHR. To the best 

of our knowledge, this is one of the few large-scale studies that have analyzed the surgical outcomes of IHR 

in Japan. 

Similar to the United States, a previous nationwide survey in Japan showed that the number of LIHRs 

increased from 19.0% to 45.9% between 2011 and 201831. In this study, we also reported a similar trend in 

2019 and beyond. As seen in our results, the number of LIHRs has increased over the years. This is possibly 

because of the increased adoption of LIHR due to the benefits such as lesser postoperative pain as reported 

in previous studies7-18. Thus, we expect that the number of LIHRs is likely to increase further in the future. 

Several meta-analyses of RCTs have assessed the surgical outcomes of LIHR versus OIHR11, 12, 16, 32. 

They reported that LIHR reduced postoperative pain, seroma, and hematoma formation. However, the 

recent trend of surgical complications following IHR for inguinal hernia is unknown because most of these 

studies were conducted until 2015. Our analyses indicate that the risk of postoperative pain following LIHR 

is lower than that following OIHR, which is similar to that reported in previous studies.  

The incidence of SSI following IHR ranges from 0.4% to 4.8% in countries other than Japan and from 

0.46% to 2.4% in Japan 20, 33. The incidence of SSI in this study (LIHR, 2.7%; OIHR, 3.7%) is comparable 

with those in previous studies. Many authors have also reported that the risk of SSIs following LIHR was 
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lower than that following OIHR11, 12, 32,34. In the present study, we found that the incident rate of SSI 

following LIHR was 2.7%, and the reduced SSI risk associated with LIHR was significant. A possible 

reason for the decrease in SSI is that LIHR involves lesser external exposure of the tissues than OIHR35. 

Laparoscopic gastrointestinal surgery is a known mitigating factor for SSI, which supports this 

explanation33.  

A previous meta-analysis of LIHR versus. OIHR showed that the risk of hernia recurrence was not 

significant in both procedures16-18. The secondary outcomes in our study, are in line with this result. 

Recurrence might be influenced by the constant advancement in technology, such as the development of 

surgical techniques and experience of surgeons16. For example, when LIHR was first introduced, the 

recurrence rate was high due to inferior technology and lack of surgical expertise 37. Hence, we examined 

the recurrence of hernia in two groups: in the last 5 years and earlier period. In contrast with our expectations, 

in our subgroup analysis, the risk of recurrence for LIHR between 2009 and 2015was significantly lower 

than of OIHR (adjusted OR 0.50, 95% CI 0.26-0.98, p=0.0240). In our opinion, although there were fewer 

surgical cases in earlier stage, many of the procedures may have been performed by surgeons with sufficient 

experience in performing LIHR.  

Initially, we presumed that hospital stay following LIHR was longer than that following the open 

procedure because OIHR is often performed under spinal or regional anesthesia allowing day surgery, 

unlike LIHR which is performed under general anesthesia in all cases. However, no significant difference 
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was found in the length of hospital stay between the groups. This might be because IHR is a low-risk surgery, 

with low incidence of morbidity and mortality, where the patients can be discharged early or depending on 

hospital policy (e.g., clinical pathway) or physician preference 38.  Interestingly, in the subgroup analysis, 

the length of hospital stay in LIHR was significantly shorter than that in OIHR in pre-2016; there was no 

significant difference post-2016. One possible explanation was that there might be factors specific to OIHR 

such as the type of surgery. One trial reported a significantly shorter postoperative stay after a mesh 

technique than no mesh 39. Also, from the Japan Society for Endoscopic Surgery survey, OIHR performed 

without mesh, pre-2016, was more than one, post-201631. OIHR without mesh (conventional method, i.e., 

Bassini, McVay, Shouldice, et al.) post-2016 might be performed more than in pre-2016 in our study31. The 

new database containing information on the number of cases by procedures in the LIHR and OIHR would 

be expected. In addition, LIHR under general anesthesia requires a longer duration of surgery than OIHR, 

which may cause anesthesia-related postoperative complications (e.g., pneumonia) and increased hospital 

stay 11. Our results showed that, although the anesthesia time in LIHR was longer than in OIHR, there was 

no significant difference in the incidence of postoperative pneumonia between LIHR and OIHR. In other 

words, the association between anesthesia time and anesthesia-related postoperative complications may be 

low and be unlikely to affect the length of hospital stay. Thus, there may likely be other factors. However, 

we could not perform an accurate analysis in this study due to missing data on anesthesia time; therefore, 

future evaluation is needed using accumulated, detailed anesthesia and surgery time data (Online resource 



16 

 

2).  

This study has some limitations. First, the JMDC database does not contain details of surgical procedures 

such as transabdominal preperitoneal approach (TAPP), totally extraperitoneal approach (TEP), 

Lichtenstein method (tension-free repair), or others. This information was necessary for IHR, because each 

type of surgery differs in the level of difficulty. For example, TEP is known for its complexity and relatively 

long learning curve16. Given the lack of data regarding these surgical techniques, a study cannot evaluate 

and thus compare the outcomes of these surgical procedures; comparing our results with those of previous 

studies using these procedures could increase the reliability of our study. Thus, these findings should be 

interpreted carefully. Second, the data used in this study did not include surgeons’ information; hence, the 

details regarding their level of experience are not known. Learning adequate skills for IHR is essential for 

reducing surgical complications. An RCT in 2012 comparing open and TAPP demonstrated the effect of 

surgeons’ experience on the recurrence rate in the TAPP group; an experience with 80–250 LIHR 

procedures is needed to significantly reduce the incidence of complications21, 36, 37. Assuming that learning 

effects for LIHR would accumulate over the years, we examined surgical outcomes in two groups: the 

2009-2015 and 2016-2020 groups. As a result, we found that the direction of the OR for surgical 

complications in groups was unchanged. In the era when the number of laparoscopic cases was less, 

surgeons with more experience might have performed LIHRs; the number of years of experience alone 

might not be a risk factor in recent years due to the effectiveness of training using surgical simulators40, 41. 



17 

 

An update of the data, including information on training history, is necessary for future evaluation. Third, 

the database does not contain information about the hospitals, i.e., the number of doctors, paramedical staff, 

or patients visiting the hospital daily. Previous literature indicates that specialized centers with high patient 

volumes achieve better outcomes19. In this study, we conducted a sensitivity analysis by using a multilevel 

model with random effects as a hospital facility to determine whether the odds ratios of postoperative 

complications were different between LIHR and OIHR. The results for most of the complications were 

consistent with those of the main analysis, indicating robustness. However, the occurrence of SSI was not 

significant, although the trend (direction) of the OR was shown to be the same as that in the main analysis. 

A possible explanation is that factors such as the postoperative management in each hospital or infection 

control may have contributed to the reduction in the risk of SSIs in OIHR, although this relationship was 

not clear. We would require further analysis of a dataset with detailed hospital information in the future. 

Finally, PS matching cannot adjust for unmeasured confounders. Hence, it cannot be denied that there is 

bias in the target population despite the adjustment. Unlike RCTs, the generalizability of the analysis results 

obtained from these data is not high; therefore, the results of this study should be interpreted with caution. 

 In conclusion, we found that the number of LIHRs increased every year, and the risk of SSI and 

postoperative pain following LIHRs was lower than that following OIHRs. These results suggest that 

LIHR might be superior to OIHR in terms of surgical complications; therefore, LIHR could become a 
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more common choice than OIHR in the future. Further studies are necessary to understand the clinical 

effects of the increased adoption of LIHR. 
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 Figure 1 Flowchart of the patient recruitment 

 

 
Patients who underwent IHR† for the first time except for cases of femoral hernia (n=24,471) 

Excluded (n=8,743) 

19 years and younger (n=4,498) 

Other operation performed at the same time (n=2,713) 

Emergency operation (n=523) 

Recurrent operation (n=228) 

Previous laparotomy or laparoscopic surgery (n=71) 

Retropubic or robot-assisted laparoscopic radical prostatectomy (n=222) 

No data (n=488) 

Eligible patients (n=15,728) 

LIHR‡ (n=6,512) OIHR§ (n=9,216) 

LIHR‡ (n=6,060) OIHR§ (n=6,060) 

Propensity score matching 

†IHR=inguinal hernia repair, 

‡ LIHR=laparoscopic inguinal hernia repair  

§ OIHR=open inguinal hernia repair 

 



Figure 2 Annual number of laparoscopic and open inguinal hernia repair 

 

† LIHR=laparoscopic inguinal hernia repair, 

‡ OIHR=open inguinal hernia repair  

§ six months period 

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

LIHR 15 33 40 83 166 317 488 791 1,060 1,276 1,512 731

OIHR 87 168 238 503 740 746 998 1,109 1,271 1,347 1,355 654

0

200

400

600

800

1000

1200

1400

1600N

†

‡

§



Table 1 Characteristics of the patients before and after propensity score matching

Before propensity score matching (n=15,728) After propensity score matching (n=12,120 )

Laparoscopic (n=6,512) Open (n=9,422) Standardied difference Laparoscopic (n=6,060) Open (n=6,060) Standardied difference

Sex  male, n(%) 6,002 (92.2) 8,421 (91.4) 2.9 5,579 (92.1) 5,560 (91.8) 1.1

Age (years), mean (SD)† 52.6 (11.9) 53.0 (12.3) 3.6 52.4 (11.9) 52.6 (12.5) 1.1

hernia,  n(%) 

  Bilateral 909 (14.0) 449 (4.9) 31.5 515 (8.5) 413 (6.8) 5.8

Comorbidities,  n(%)

　Myocardial infarction 30 (0.5) 80 (0.9) 5 29 (0.5) 32 (0.5) 0

　Congestive heart failure 15 (0.2) 36 (0.4) 3 15 (0.2) 18 (0.3) 0.9

　Cerebrovascular disease 358 (5.5) 568 (6.2) 2.8 337 (5.6) 351 (5.8) 1

　Chronic obstructive pulmonary disease 1,169 (18.0) 1,480 (16.1) 5 1,072 (17.7) 1,015 (16.7) 2.5

　Mild liver disease 1,025 (15.7) 1,408 (15.3) 1.3 958 (15.8) 919 (15.2) 1.8

　Diabetes without complications 191 (2.9) 272 (3.0) 0.1 179 (3.0) 179 (3.0) 0

  Diabetes with complications 146 (2.2) 232 (2.5) 1.8 138 (2.3) 135 (2.2) 0.3

  Renal disease 85 (1.3) 182 (2.0) 5.3 82 (1.4) 95 (1.6) 1.7

  Cancer 184 (2.8) 482 (5.2) 12.3 184 (3.0) 191 (3.2) 0.6

Charlson comorbidities index score, median (IQR)‡ 0 (0-1) 0 (0-1) 6.6 0 (0-1) 0 (0-1) 0.7

Medication,  n(%)

Corticosteroid 497 (7.6) 377 (4.1) 15 393 (6.5) 318 (5.2) 5.3

Anticoagulant 311 (4.8) 586 (6.4) 7 303 (5.0) 328 (5.4) 1.8

Facility information,  n(%)

University hospital 392 (6.0) 481 (5.2) 3.5 358 (5.9) 334 (5.5) 1.7

Number of bed

      0-19 559 (8.6) 1,248 (13.5) 15.9 557 (9.2) 650 (10.7) 4.9

      20-99 211 (3.2) 611 (6.6) 15.7 211 (3.5) 209 (3.4) 0.2

  100-199 826 (12.7) 1,359 (14.7) 6 785 (13.0) 898 (14.8) 5.4

  200-299 731 (11.2) 809 (8.8) 8.2 689 (11.4) 617 (10.2) 4

  300-499 2,274 (34.9) 2,661 (29.0) 13 2,072(34.2) 1,966 (32.4) 3.8

  ≥500 1,911 (29.3) 2,528 (27.4) 4.2 1,746 (28.8) 1,720 (28.3) 1

Year,  n(%)

2009 15 (0.2) 87 (0.9) 9.4 15 (0.2) 22 (0.4) 1.5

2010 33 (0.5) 168 (1.8) 12.3 33 (0.5) 35 (0.6) 0.3

2011 40 (0.6) 238 (2.6) 15.7 40 (0.7) 47 (0.8) 0.9

2012 83 (1.3) 503 (5.5) 23.3 83 (1.4) 82 (1.4) 0

2013 166 (2.5) 740 (8.0) 24.8 166 (2.7) 168 (2.8) 0.1

2014 317 (4.9) 746 (8.1) 13.1 317 (5.2) 300 (5.0) 1.1

2015 488 (7.5) 998 (10.8) 11.6 486 (8.0) 532 (8.8) 2.6

2016 791 (12.1) 1,109 (12.0) 0.3 745 (12.3) 868 (14.3) 6.2

2017 1,060 (16.3) 1,271 (13.8) 7 985 (16.3) 1,025 (16.9) 1.9

2018 1,276 (19.6) 1,347 (14.6) 13.3 1,174 (19.4) 1,157 (19.1) 0.7

2019 1,512 (23.2) 1,355 (14.7) 21.9 1,362 (22.5) 1,232 (20.3) 5.5

2020 731 (11.2) 654 (7.1) 14.4 654 (10.8) 592 (9.8) 3.6

† SD=standard deviation, ‡ IQR=interquartile range



Table 2 Outcomes after propensity score matching 

   Unadjusted analysis    Adjusted analysis    

  Laparoscopic Open OR† CI‡ (95%) p   OR† CI‡ (95%) p 

Complication, n (%)          

  Surgical site infection 172 (2.6) 350 (3.8) 0.69 0.57-0.83 <0.0001  0.70 0.56-0.86 0.0007 

  Acute postoperative pain 390 (6.0) 670 (7.3) 0.81 0.71-0.93 0.0016  0.69 0.60-0.79 <0.0001 

  Bleeding 47 (0.7) 93 (1.0) 0.71 0.50-1.01 0.0601  0.84 0.56-1.25 0.3863 

  Seroma / Edema 6 (0.1) 16 (0.2) 0.53 0.21-1.37 0.1854  0.39 0.12-1.24 0.1096 

  Fever 32 (0.5) 42 (0.5) 1.08 0.68-1.71 0.7475  1.00 0.59-1.69 0.9956 

  Pneumonia 9 (0.1) 11 (0.1) 1.16 0.48-2.80 0.7441  1.13 0.38-3.41 0.8261 

  Urinary tract infection 42 (0.6) 44 (0.5) 1.35 0.87-2.07 0.1620  1.21 0.75-1.95 0.4309 

  Bowel obstruction 5 (0.08) 4 (0.04) 1.77 0.48-6.60 0.3950  2.08 0.78-9.12 0.3303 

Chronic postoperative pain 284 (4.4) 581 (6.3) 0.68 0.59-0.78 <0.0001  0.83 0.70-0.98 0.0291 

Recurrence, n (%)  46 (0.7) 117 (1.3) 0.53 0.39-0.78 0.0007   0.68 0.45-1.01 0.0558 

   Unadjusted         Adjusted        

   Laparoscopic Open      Laparoscopic Open     

      Means ±SD§ Means ±SD§ Difference±SE¶ p  Means ±SD§ Means ±SD§ Difference±SE¶ p 

Length of hospital stay (day)     2.92±1.91 2.98±2.69 0.06±0.03 0.1013   2.91±1.94 2.97±2.61 0.06±0.04 0.1307 

†OR odds ratio, ‡CI confidential interval, §SD standard deviation, ¶ SE standard error 



Table 3 Sensitivity analysis with changing postoperative period 

 Unadjusted analysis    Adjusted analysis    

  OR† CI (95%)‡ p   OR† CI (95%)‡ p 

Complication within 30 days        

  Surgical site infection 0.69 0.57-0.83 <0.000  0.70 0.56-0.86 0.0007 

  Acute postoperative pain 0.81 0.71-0.93 0.0016  0.69 0.60-0.79 <0.0001 

  Bowel obstruction 1.77 0.48-6.60 0.3950  2.08 0.78-9.12 0.3303 

        

Complication within 60 days        

  Surgical site infection 0.77 0.65-0.92 0.0041  0.79 0.64-0.96 0.0159 

  Acute postoperative pain 0.86 0.80-0.94 0.0005  0.82 0.75-0.90 <0.0001 

  Bowel obstruction 1.18 0.36-3.87 0.7852  1.10 0.32-3.90 0.8728 

        

Complication within 90 days        

  Surgical site infection 0.77 0.65-0.91 0.0020  0.78 0.64-0.95 0.0114 

  Acute postoperative pain 0.86 0.80-0.94 0.0004  0.82 0.74-0.90 <0.0001 

  Bowel obstruction 1.18 0.36-3.87 0.7852  1.11 0.32-3.90 0.8728 

        

Chronic postoperative pain        

  above 90 days 0.68 0.59-0.78 <0.0001  0.83 0.70-0.98 0.0291 

  above 120 days 0.67 0.58-0.79 <0.0001  0.83 0.70-0.98 0.0324 

  above 180 days 0.67 0.58-0.78 <0.0001  0.83 0.70-0.98 0.0324 

†OR odds ratio, ‡CI confidential interval 



Online resource 1 MEDIS-DC codes for complications

Surgical site infection
6829010, 6829014, 6829029, 6869050, 7290026, 8799006, 8833977, 8835326, 8835353, 8836665, 8836796, 8839756, 8845681, 9983005 ,

9985006, 9985039

Acute postoperative pain 8835913 8836793 8838060 8845802 9989020 8832414

Bleeding 4590002, 8830697, 8833916, 8835847, 9249027

Edema 8848922, 8830618 6072008 8830705 6248005 8835852

Fever 7806011, 8835356

Urinary tract infection 5950005, 5959003, 5959015, 5978015, 5990009, 8838561

Vas deferens injury 8835836

Intestinal injury 8834767, 8837685

pneumonia 9973011, 4860030

Bowel obstruction 8835320, 9974018

Chronic postoperative pain 8835913 8836793 8838060 8845802 9989020 8847821



Online resource 2 Outcomes before propensity score matching 

 Laparoscopic Open Unadjusted analysis   

  (n=6,512) (n=9,216) OR† CI‡ (95%) p 

Complication, n (%)      

  Surgical site infection 172 (2.6) 350 (3.8) 0.69 0.57-0.83 <0.0001 

  Acute postoperative pain 390 (6.0) 670 (7.3) 0.81 0.71-0.93 0.0016 

  Bleeding 47 (0.7) 93 (1.0) 0.71 0.50-1.01 0.0601 

  Seroma / Edema 6 (0.1) 16 (0.2) 0.53 0.21-1.37 0.1854 

  Fever 32 (0.5) 42 (0.5) 1.08 0.68-1.71 0.7475 

  Pneumonia 9 (0.1) 11 (0.1) 1.16 0.48-2.80 0.7441 

  Urinary tract infection 42 (0.6) 44 (0.5) 1.35 0.87-2.07 0.1620 

  Bowel obstruction 5 (0.08) 4 (0.04) 1.77 0.48-6.60 0.3950 

Chronic postoperative pain 284 (4.4) 581 (6.3) 0.68 0.59-0.78 <0.0001 

Recurrence, n (%)  46 (0.7) 117 (1.3) 0.53 0.39-0.78 0.0007 

      Difference±SE¶  p 

Anesthesia       

  Time (min),mean (SD§) 141 (±49.4) 51.4 (±54.8) 88.3 ±1.17  <0.0001 

  Missing data, n (%) 2,981 (45.8) 4,676 (50.7)    

Length of hospital stay (day), 

mean ±SD§ 
2.92±1.91 2.98±2.69 0.06±0.03  0.1013 

†OR odds ratio, ‡CI confidential interval, §SD standard deviation, ¶ SE standard error 

 



Online resource 3 Outcomes of propensity score matching in 2009-2015 and 2016-2020 

 Adjusted analysis in 2009-2015    Adjusted analysis in 2016-2020   

  OR† CI‡ (95%) p   OR† CI‡ (95%) p 

Complication        

  Surgical site infection 0.58 0.36-0.96 0.0323  0.73 0.58-0.91 0.0061 

  Acute postoperative pain 0.69 0.49-0.95 0.0229  0.69 0.59-0.80 <0.0001 

  Bleeding 0.93 0.37-2.36 0.8819  0.79 0.50-1.24 0.3043 

  Seroma NA§    0.64 0.21-2.00 0.4464 

  Fever 0.84 0.27-2.59 0.7627  0.94 0.53-1.67 0.8313 

  Pneumonia NA§    1.07 0.31-3.71 0.9183 

  Urinary tract infection 2.47 0.87-7.00 0.0882  1.06 0.63-1.81 0.8191 

  Bowel obstruction NA§    2.26 0.40-13.00 0.3601 

  Chronic postoperative pain 0.71 0.54-0.84 0.0170  0.90 0.74-1.11 0.3412 

Recurrence  0.50 0.26-0.98 0.0422   0.91 0.57-1.45 0.6681 

   Laparoscopic Open      Laparoscopic Open     

      Means ±SD§ Means ±SD§ Difference±SE¶ p  Means ±SD§ Means ±SD§ Difference±SE¶ p 

Length of hospital stay (day)     2.96±1.87 3.17±2.83 0.21±0.09 0.0240   2.89±1.95 2.96±2.55 0.07±0.05 0.1333 

†OR odds ratio, ‡CI confidential interval, §NA not available 



Online resource 4 Sensitivity analysis with multilevel model 

 Unadjusted analysis    Adjusted analysis    

  OR† CI‡ (95%) p   OR† CI‡ (95%) p 

Complication        

  Surgical site infection 0.69 0.57-0.83 <0.0001  0.91 0.69-1.20 0.4795 

  Acute postoperative pain 0.81 0.71-0.93 0.0016  0.66 0.55-0.80 <0.0001 

  Bleeding 0.71 0.50-1.01 0.0601  0.78 0.46-1.32 0.358 

  Seroma / Edema 0.53 0.21-1.37 0.1854  Non-estimated value   

  Fever 1.08 0.68-1.71 0.7475  Non-estimated value   

  Pneumonia 1.16 0.48-2.80 0.7441  Non-estimated value   

  Urinary tract infection 1.35 0.87-2.07 0.1620  1.44 0.86-2.43 0.1672 

  Bowel obstruction 1.77 0.48-6.60 0.3950  3.10 0.71-13.07 0.133 

Chronic postoperative pain 0.68 0.59-0.78 <0.0001  0.85 0.71-1.01 0.0577 

Recurrence 0.53 0.39-0.78 0.0007   0.70 0.48-1.04 0.0782 

†OR odds ratio, ‡CI confidential interval 


