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Objective: Although laparoscopic repair has been widely carried out and promoted due to its minimally invasive advantages, open 
surgery is still popular compared to elderly patients. This study aims to compare the outcomes of laparoscopic (LIHR) vs open repair 
of inguinal hernias (OIHR) in elderly patients.
Methods: A retrospective analysis of the database was performed to identify elderly patients, from January 2021 through 
December 2022, who underwent surgery for an inguinal hernia. After a 1:1 propensity score matching (PSM) with a caliper of 0.1 
was conducted to balance potential bias, binary logistic regressions were used for categorical and continuous outcomes.
Results: After PSM, 78 pairs of elderly patients were enrolled in this study, and there were no significant differences in baseline between 
LIHR and OIHR groups. Compared to OIHR, univariable and multivariable logistic regression analysis showed that LIHR was indepen-
dently affected for reducing intraoperative hemorrhage (OR = 0.06, 95% CI: 0.02–0.18, P < 0.001) and shortening postoperative 
hospitalization time (OR = 0.29, 95% CI: 0.15–0.57, P < 0.001) in elderly patients. Furthermore, LIHR (OR = 0.28, 95% CI: 0.14–0.57, 
P < 0.001) and age (OR = 0.89, 95% CI: 0.82–0.96, P = 0.002) were independent affecting factors for relieving postoperative pain. 
Meanwhile, no obvious differences were detected in postoperative complications [LIHR 7.7% (6/78) vs OIHR 14.1% (11/78), P = 0.199].
Conclusion: LIHR was closely associated with reducing intraoperative hemorrhage and shortening postoperative hospitalization time. 
Whilst LIHR and age were independently affecting factors for relieving postoperative pain.
Keywords: inguinal hernia, propensity score matching, elderly patient, laparoscopy, retrospective study

Introduction
Primary inguinal hernia is a common surgical disease arising from a defect in the abdominal wall of the inguinal region. 
Approximately 20 million patients worldwide undergo surgical treatment every year.1 From 1990 to 2019, India 
(2.45 million), China (1.95 million), and Brazil (0.71 million) accounted for more than one-third (39%) of the incident 
hernias worldwide while still increasing in China.2 Surgical treatment of inguinal hernia is the most effective method.3 

The more common surgical method is Lichtenstein’s tension-free repair (LTFR). However, with the development of 
minimally invasive surgery, the application of minimally invasive technology has benefited much more patients. For 
example, the emergence of transabdominal preperitoneal prosthetic (TAPP), totally extraperitoneal repair (TEP), and the 
robotic TAPP (rTAPP) has diversified the minimally invasive surgical treatment of inguinal hernia.4,5

Laparoscopic inguinal hernia repair (LIHR) and open inguinal hernia repair (OIHR) procedures are often compared 
during the 20 years.4,6–9 Importantly, with the advantages of minimally invasive technology, such as reduced wound 
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complications, less recurrence rate, and faster recovery, which is highly favored by not only surgeons but also patients.10 

However, no prospective studies have reported the correlation between age, surgical methods (LIHR and OIHR), and 
surgical outcomes. A retrospective study found that in the treatment of inguinal hernia repair in elderly patients, LIHR also 
showed similar advantages.11 Likewise, another study suggested that LIHR was safe and feasible and was also considered 
more advantageous for the intraoperative detection of contralateral hernia in elderly patients.12

In fact, the decision to use an open or laparoscopic approach to non-emergency inguinal hernia surgery is multi-
factorial, including the patient’s individualized medical history and anatomical structure, surgeon preferences, and 
resource availability at the patient’s attending hospital.1 For example, patients with coagulopathy, extensive preperitoneal 
adhesions, and local extraperitoneal hematoma may force surgeons to adopt open surgery.13 Similarly, in elderly patients, 
because of poor cardiopulmonary function, anesthetic allergy, or other reasons for intolerance of general anesthesia, 
LIHR cannot be performed and OIHR can only be performed under regional anesthesia.12,14 These matters were also 
reviewed by Perez15 who focused on which patients should be repaired, the optimal timing of surgery, what is the best 
anesthesia, and how the repair should be performed in the elderly patients (age ≥65 years).

Although, many randomized controlled trials (RCTs) have been published in the early stage,16–18 but they are fewer 
related research reports based on propensity score matching (PSM)-paired in elderly patients.19,20 At present, China’s 
aging process is accelerating, and the number of elderly patients increasing year by year has put unprecedented pressure 
on the current medical system. How to better diagnose and treat elderly patients with inguinal hernia has put forward new 
requirements for medical workers.21,22 Therefore, this research report focused on the single-center elderly patients with 
an inguinal hernia who received LIHR or OIHR treatment, compared the outcomes of these two groups based on PSM, 
and shared the experience in diagnosing and treatment of elderly inguinal hernia patients.

Method
Study Design and Patients
This retrospective cohort study included patients with inguinal hernia admitted at the Xishan People’s Hospital of Wuxi 
City between Jan 2021 and Dec 2022.

Inclusion criteria: (1) underwent either LIHR or OIHR, (2) aged elder than 65, (3) unilateral inguinal hernias.
Exclusion criteria: (1) undergoing surgery were converted from LIHR to OIHR, (2) with complexed hernias (such 

as, obstructive or/and strangulated hernias), (3) uncorrectable coagulation disorders, (4) pregnant women, (5) 
recurrent inguinal hernia. The study complied with the Declaration of Helsinki and was approved by the Ethics 
Committee of the Xishan People’s Hospital of Wuxi City (No. xs2023ky002). The requirement for informed consent 
was waived.

Surgical Technique
All surgeries were completed by the same surgical team. Surgical procedures for LIHR and OIHR were performed as 
previously described.23–25 In this study, we performed LIHR via transabdominal preperitoneal procedure (TAPP), and 
OIHR adopted the approach of Lichtenstein’s tension-free repair (LTFR).

Data Collection
Data collection and follow-up were carried out for both LIHR and OIHR groups, including: Age, Hernia sac diameter, Gender 
(M/F), Hypertension, Diabetes, Type of hernia (Indirect/direct hernia), ASA (American Society of Anesthesiologists) Grade,26 

Postoperative 12-hour Pain score, Operation time, Intraoperative hemorrhage, Postoperative hospitalization, and 
Postoperative complications. Patients in both groups were regularly followed up for at least 3 months via telephone or 
outpatient clinic.

Statistical Analysis
SPSS 22.0 (IBM, Armonk, NY, USA) was used for data analysis. The continuous data were expressed as means ± standard 
deviations and analyzed via Student’s t-test. Categorical data were presented as frequencies and scores and were analyzed 
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using Chi-squared test or Fisher’s exact test. Non-normally distributed variables were presented as medians with interquartile 
ranges (IQR) and were tested by using the Mann–Whitney U-test. Propensity score matching (PSM) was performed to 
correct patients´ baseline date. In the PSM, one-to-one matching between the groups was performed using the nearest 
neighbor matching method with a caliper width of 0.1. Binary logistic regressions were used for categorical and continuous 
outcomes, respectively. Meanwhile, postoperative 12-hour pain score was classified into mild pain and moderate pain based 
on median numerical rating scale (NRS) score. P-value <0.05 was considered statistically significant.

Results
Characteristics of the Patients
A total of 319 elderly patients (more than 65-year) with primary unilateral inguinal hernias diagnosed as inguinal hernia at 
Xishan people’s Hospital of Wuxi City was initially identified. Among these patients, 7 were excluded due to anesthesia 
intolerance, 39 were excluded due to recurrent hernia combined with second surgery treatment, and 6 cases of abdominal wall 
hernia were also excluded. A total of 81 patients were treated with LIHR; 3 were excluded because they converted from LIHR 
to OIHR. Finally, 264 patients, 78 treated with LIHR and 186 treated with OIHR, were included in this study (Figure 1). 

Figure 1 Detailed surgery flow diagram.
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Significant differences were observed in age between OIHR and LIHR groups (P < 0.001, Table 1), also combined with 
obvious differences in the type of hernia, especially high-rate indirect hernia (P < 0.05, Table 1).

Therefore, a 1:1 PSM with a caliper 0.1 was conducted to balance potential bias, based on Age, Hernia sac diameter, 
Gender, Hypertension, Diabetes, Type of hernia, and ASA Grade, and then 78 comparable pairs of patients from LIHR and 
OIHR groups were matched (Figure 1). There were no significant differences in Age, Hernia sac diameter, Gender (M/F), 
Hypertension, Diabetes, Type of hernia and ASA Grade, between LIHR and OIHR groups (P > 0.05, Table 2).

Table 2 Comparison of Clinical Baseline Data Between LIHR and OIHR Group 
After Propensity Score Matching

LIHR (78) OIHR (78) P value

Age 70(67–74) 72(68–75) 0.653
Hernia sac diameter, median (IQR), mm 45(40–60) 50(40–57.5) 0.066

Gender (M/F) 0.477

M 76 78
F 2 0

Hypertension
Yes 21 14 0.186
No 67 74

Diabetes 1

Yes 5 4
No 73 74

Type of hernia
Indirect 60 62 0.698
Direct 18 16

ASA grade
I 56 63 0.188
II 22 15

Abbreviations: IQR, interquartile ranges; ASA, American Society of Anesthesiologists.

Table 1 Comparison of Clinical Baseline Data Between LIHR and OIHR Group Before 
Propensity Score Matching

LIHR (n=78) OIHR (n=186) P value

Age 70(67–74) 74(70–80) <0.001
Hernia sac diameter, median (IQR), mm 45(40–60) 50(40–60) 0.178

Gender (F/M)
M 76 181 0.717

F 2 5

Hypertension
Yes 19 55 0.39

No 59 131

Diabetes
Yes 5 12 0.99

No 73 174

Type of hernia
Indirect 60 162 0.039
Direct 18 24

ASA Grade
I 56 121 0.064

II 22 56

III 0 12

Notes: P-values less than 0.001, were boldly marked and italicized font, indicating statistical significance. 
Abbreviations: IQR, interquartile ranges; ASA, American Society of Anesthesiologists.
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Comparisons of Intraoperative and Postoperative Outcomes
The operation time was similar, compared LIHR group to OIHR group, and no differences was observed [LIHR 80 (70–90) vs 
OIHR 80 (61.25–93.75), P = 0.997]. However, compared to OIHR group, LIHR group performed less intraoperative 
hemorrhage [LIHR 10 (10–10) mL vs OIHR 20 (10–20) mL, P < 0.001], and less postoperative pain (12 hours) [LIHR 2 
(1–3) vs OIHR 3 (2–4), P < 0.001], combined with shorter postoperative hospitalization [LIHR 2 (2–4) Day vs OIHR 4 (3–5) 
Day, P < 0.001] (Table 3).

While there’s no significant differences in the postoperative complications of uroschesis, hematoma and incision infection 
compare LIHR group with OIHR group (P > 0.05). Moreover, no obvious differences were detected in the total postoperative 
complications between these two groups of patients [LIHR 7.7% (6/78) vs OIHR 14.1% (11/78), P = 0.199] (Table 3).

LIHR Associated with Reducing Intraoperative Hemorrhage
In order to explore the factors affecting intraoperative hemorrhage, we performed a binary logistic regression analysis. 
Univariable logistic regression analysis showed that LIHR was positively related to reduce intraoperative hemorrhage 
(OR = 0.06, 95% CI: 0.02–0.17, P < 0.001), whilst elderly patients were more prone to bleeding (OR = 1.09, 95% CI: 
1.01–1.18, P = 0.029). Multivariable logistic regression analysis conducted to identify independent predictors affecting 
intraoperative hemorrhage suggested LIHR as an independent factor (OR = 0.06, 95% CI:0.02–0.18, P < 0.001) for 
reducing intraoperative hemorrhage (Table 4).

Table 3 Comparison of Intraoperative and Postoperative Outcomes Between LIHR and OIHR 
Group

LIHR OIHR P value

Operation time, median (IQR), min 80 (70–90) 80 (61.25–93.75) 0.997

Intraoperative hemorrhage, median (IQR), mL 10 (10–10) 10 (10–20) <0.001
Pain score, postoperative 12 hours (NRS) 2 (1–3) 3 (2–4) <0.001
Postoperative hospitalization, median (IQR), Day 2 (2–4) 4 (3–5) <0.001
Postoperative complications

Uroschesis 2 4 0.677

Hematoma 3 5 0.717

Incision infection 1 2 1
Total 6 11 0.199

Notes: P-values less than 0.001, were boldly marked and italicized font, indicating statistical significance. 
Abbreviations: IQR, interquartile ranges; NRS, numerical rating scale.

Table 4 Regression Analysis of Intraoperative Hemorrhage

Univariate 
Logistic 

Regression

P value Multivariable 
Logistic 

Regression

P value

Age 1.09(1.01–1.18) 0.029 1.05(0.97–1.15) 0.237

Hernia sac diameter, median (IQR), mm 1.02(1.00–1.04) 0.146 – –
Gender 2.76(0.17–45.09) 0.477 – –

Hypertension 0.80(0.33–1.93) 0.614 – –

Diabetes 0.76(0.15–3.84) 0.744 – –
Type of hernia 1.40(0.62–3.21) 0.421 – –

ASA Grade 0.69(0.29–1.66) 0.407 – –

LIHR vs OIHR 0.06(0.02–0.17) <0.001 0.06 (0.02–0.18) <0.001

Notes: P-values less than 0.05 or 0.001, were boldly marked and italicized font, indicating statistical significance. 
Abbreviations: IQR, interquartile ranges; ASA, American Society of Anesthesiologists.
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LIHR Associated with Relieving Postoperative Pain
Inguinal hernia surgery is relatively less traumatic. Therefore, we chose the postoperative 12-hour pain score for 
statistical analysis. As shown in Table 5, univariable and multivariate logistic regression analysis indicated that LIHR 
(OR = 0.28, 95% CI: 0.14–0.57, P < 0.001) and age (OR = 0.89, 95% CI: 0.82–0.96, P = 0.002) were independent risk 
factors for relieving postoperative 12-hour pain.

Potential Influence Factors Related to Postoperative Hospitalization Time
Univariable logistic regression analysis suggested that LIHR was closely related to postoperative hospitalization time 
(OR = 0.31, 95CI%: 0.16–0.6, P < 0.001). Although multivariate logistic regression analysis indicated that diabetes 
would prolong postoperative hospitalization time (OR = 6.12, 95% CI: 1.16–32.28, P = 0.033), LIHR was still an 
independent factor for shortening the postoperative hospitalization time (OR = 0.29, 95% CI: 0.15 −0.57, P < 0.001) 
(Table 6).

Discussion
Inguinal hernia is a common defect in the abdominal wall, which may occur in all ages, from children to the elderly. 
Hernia repair surgery is the most common treatment procedure.27 As reported, China has the second highest incidence 
rate and prevalence in the world, and the age-standardized incidence rate (ASIR) is on the rise.2 Inguinal hernia repair 
represents a huge burden on the local healthcare system in a country with a large population. Due to the aging of the 
global population, the incidence of inguinal hernia is also expected to be a rise in the next few years.28 Therefore, what 

Table 5 Regression Analysis of Postoperative 12-Hour Pain Scores

Univariate 
Logistic 

Regression

P value Multivariable 
Logistic 

Regression

P value

Age 0.92(0.85–0.98) 0.016 0.89(0.82–0.96) 0.002
Hernia sac diameter, median (IQR), mm 0.99(0.97–1.00) 0.129 – –
Gender 0.00(0-∞) 0.999 – –

Hypertension 0.97(0.45–2.07) 0.933 – –

Diabetes 0.77(0.20–2.97) 0.702 – –
Type of hernia 1.78(0.82–3.88) 0.145 – –

ASA Grade 0.90(0.43–1.88) 0.781 – –

LIHR vs OIHR 0.37(0.19–0.71) 0.003 0.28 (0.14–0.57) <0.001

Notes: P-values less than 0.05 or 0.001, were boldly marked and italicized font, indicating statistical significance. 
Abbreviations: IQR, interquartile ranges; ASA, American Society of Anesthesiologists.

Table 6 Regression Analysis of Postoperative Hospitalization Time

Univariate Logistic 
Regression

P value Multivariable 
Logistic Regression

P value

Age 0.95(0.89–1.02) 0.195 – –

Hernia sac diameter, median (IQR), mm 0.99(0.97–1.01) 0.24 – –
Gender 2,153,966,487.99(0-∞) 0.999 – –

Hypertension 0.88(0.41–1.91) 0.748 – –

Diabetes 4.93(0.99–24.57) 0.051 6.12(1.16–32.28) 0.033
Type of hernia 0.64(0.29–1.41) 0.272 – –

ASA Grade 0.98(0.47–2.07) 0.961 – –

LIHR vs OIHR 0.31(0.16–0.60) <0.001 0.29 (0.15–0.57) <0.001

Notes: P-values less than 0.05 or 0.001, were boldly marked and italicized font, indicating statistical significance. 
Abbreviations: IQR, interquartile ranges; ASA, American Society of Anesthesiologists.
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we concerned is that China may become the country with the heaviest burden of inguinal hernia in the world in the near 
future,15 and the need for hernia management, especially in elderly patients, has become an important socioeconomic 
issue that may affect the public healthcare system in China.

Herein, based on the diagnosis and treatment situation in our medical center, after PSM, we analyzed and compared 
the outcomes of 78 pairs of patients who received LIHR or OIHR treatment and shared the experience of inguinal hernia 
treatment for elderly patients in our medical center. There was no mortality in both groups. As described, compared to 
OIHR (LTFR), LIHR has the advantages of lower incidence of hematoma, lower rates of seroma, less postoperative pain, 
faster recovery and less wound infection rate,4,29 which are also applicable to elderly patients.11,12 After PSM, there were 
no significant differences in baseline between LIHR and OIHR groups (Table 1 and Table 2).

Relatively, an update RCT network meta-analysis showed that minimally invasive surgical repair of inguinal hernia has 
many advantages, but the operation time is relatively long, and no significant difference was found between TAPP and TEP.4 

However, the operation time was similar in this study, there’s no significant differences between LIHR and OIHR groups 
(Table 3). Previous studies have shown that surgeons need to go through a special learning curve from basic operations to 
proficiency in mastering LIHR techniques.30 Other medical centers have reported a range of 50 to 250 cases,31 while our 
center recently reported 54 cases as well.9 All patients in this study were completed by the same group of senior and 
professional surgeons. Perhaps, the LIHR approach could be performed easier by exerted surgeons after overcoming the 
laparoscopic technical learning curve, thereby significantly shortening the operative time, which in this study was similar to 
that of the OIHR group. Additionally, there was no recurrence of hernias after short-term following-up in this study.

In recent years, with the acceleration of China’s aging process, many elderly patients need oral antiplatelet drugs 
because of cardiac dysfunction, coronary atherosclerosis, cardiovascular stent surgery, etc., which may increase the risk 
of postoperative bleeding, wound hematoma, and/or other postoperative complications when undergone inguinal hernia 
surgery. According to the guideline recommendation, before undergoing inguinal hernia repair surgery, patients dis-
continue warfarin 5 days before surgery and take anticoagulants orally 2 days before surgery (if renal function normal). 
Non-aspirin antiplatelet drugs were withheld for 5 to 7 days before surgery after the risk of postoperative bleeding had 
decreased, while warfarin was resumed within 24 hours of surgery.32 Previous studies have shown that patients who 
receive antithrombotic therapy or with coagulation disorders have a 4-fold higher risk of secondary bleeding after 
inguinal hernia surgery, but LIHR surgery appears to reduce the risk of bleeding complications and complication-related 
reoperations.33 In another cohort study, non-aspirin antiplatelet therapy or anticoagulant therapy was found to be an 
independent predictor of OIHR; but LIHR approach was safe for this subset of elderly patients, with no significant 
differences in hemorrhage and cardiovascular complications.13 In this study, those elderly patients who were treated with 
antiplatelet or anticoagulant drugs before surgery would be adjusted according to the time of surgery and anesthesia. 
Indeed, drugs such as aspirin and warfarin were stopped for three days preoperatively but switched to low-molecular- 
weight heparin bridging therapy. After PSM, there was also no significant difference in the postoperative complication of 
hematoma between these two groups in our study. Moreover, LIHR was independently affected for reducing intraopera-
tive hemorrhage and shortening postoperative hospitalization time in elderly patients.

Actually, numerous studies have shown the potential advantages of LIHR, such as faster recovery, reduced pain, and 
so on.30,34–37 Specifically, LIHR and age were independent risk factors for relieving postoperative pain compared to 
OIHR, as presented in our study. In fact, patients also need to undergo general anesthesia if performed with LIHR, which 
may importantly affect the postoperative pain of the patient. However, more data from the real world need to be collected 
for clinical validation. Unlike LIHR, OIHR was usually performed under local or spinal anesthesia (especially for those 
who cannot tolerate general anesthesia), and occasionally also under general anesthesia. Therefore, there may be a bias in 
the parameters obtained for inguinal hernia repair under different anesthesia states. However, after PSM, the parameter 
bias of the two groups of patients could be obviously reduced, making the results of this study more convincing. 
Although no cardiovascular-related postoperative complications were found in this study. Particularly, a previous study 
has shown that regional anesthesia in elderly patients (65 years and older) is closely related to more frequent complica-
tions of cardiac and thromboembolism.1 This may be related to the effective evaluation of cardiac function in elderly 
patients before operation (both LIHR and OIHR), and the use of preoperative medication to improve cardiac function in 
elderly patients with poor cardiac function before surgery.
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In contrast, the incidence of diabetes in the elderly is relatively high.38 Therefore, we also analyzed the impact of 
diabetes on the surgical treatment of elderly patients with inguinal hernia. Although multivariate logistic regression 
analysis indicated that diabetes would prolong postoperative hospitalization time, LIHR was still independently affected 
for shortening postoperative hospitalization time.

Although based on the PSM-paired analysis, we have known the advantages of LIHR compared with OIHR, as well 
as the impact on elderly patients with inguinal hernia. However, there are also some limitations in this study. The data 
from our single medical center is relatively limited, and the heterogeneity of patients is also limited to residents from 
Wuxi and/or surrounding areas. Although the sample size was presented as not so small, it is still a larger distance 
compared to the overall Chinese resident base. Multi-center cooperation may make up for this deficiency. Moreover, we 
only conducted short-term follow-ups and lacked long-term follow-up data, including long-term recurrence, incisional 
hernia, scar contracture, etc., which requires a more rigorous research plan to obtain better reports.

Conclusions
With the global aging process today, the number of elderly patients with inguinal hernias in China has been on the rise, and 
the healthcare care system for elderly patients requires more attention. The LIHR approach has the advantages of reducing 
intraoperative bleeding, shortening postoperative hospital stay, and independently affecting in relieving postoperative pain 
in elderly inguinal hernia patients. This treatment approach may better care for and benefit more elderly patients.
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