

[image: image1]
Comparing general and regional anesthesia in patients undergoing primary total hip arthroplasty: analysis of national health insurance data in Korea









 


	
	
ORIGINAL RESEARCH
published: 17 March 2025
doi: 10.3389/fmed.2025.1557053








[image: image2]

Comparing general and regional anesthesia in patients undergoing primary total hip arthroplasty: analysis of national health insurance data in Korea

Seungyoung Lee1, Eunjin Ahn2,3*, Min Kyoung Kim2,3, Fletcher A. White4,5, Euiheon Chung6 and YongHun Chung2,3


1Department of Anesthesiology and Pain Medicine, Chung-Ang University Hospital, Seoul, Republic of Korea

2Department of Anesthesiology and Pain Medicine, Chung-Ang University Gwangmyeong Hospital, Gwangmyeonsi, Republic of Korea

3Department of Anesthesiology and Pain Medicine, College of Medicine, Chung-Ang University, Seoul, Republic of Korea

4School of Medicine, Stark Neuroscience Research Institute, Indiana University Bloomington, Indianapolis, IN, United States

5Department of Anesthesia, Indiana University School of Medicine, Indianapolis, IN, United States

6Department of Family Medicine, Veterans Health Service Medical Center, Seoul, Republic of Korea

Edited by
 Michela Saracco, University of Naples Federico II, Italy

Reviewed by
 Anna Orso, ASL Napoli 2 Nord, Italy
 Pasquale Diglio, ASL Napoli 2 Nord, Italy

*Correspondence
 Eunjin Ahn, compassion10@gmail.com 

Received 07 January 2025
 Accepted 04 March 2025
 Published 17 March 2025

Citation
 Lee S, Ahn E, Kim MK, White FA, Chung E and Chung Y (2025) Comparing general and regional anesthesia in patients undergoing primary total hip arthroplasty: analysis of national health insurance data in Korea. Front. Med. 12:1557053. doi: 10.3389/fmed.2025.1557053
 

Objectives: To compare the effects of general and regional anesthesia on clinical outcomes following primary total hip arthroplasty (THA).

Methods: This retrospective study using data from the Korean National Health Insurance Research Database included 1,522 patients who underwent THA under general anesthesia (n = 640) or regional anesthesia (n = 882) between 2002 and 2015. We compared the mortality and complication rates within 30 days after surgery.

Results: Prosthesis failure (1.56% vs. 0.45%, p = 0.025), admission to the intensive care unit (9.53 vs. 5.44%, p = 0.0023), and total cost (₩7,332,515 vs. ₩6,833,295, p < 0.0001) were higher in the general anesthesia group than in the regional anesthesia group. No significant differences were observed in mortality (0.94% vs. 0.57%, p = 0.54), transfusion rate (81.1% vs. 80.9%, p = 0.94), length of hospital stay (45 vs. 45 days, p = 0.23), or other complications between the groups. Similar results were observed in propensity-score matched analysis (n = 640 patients per group).

Conclusion: Our study showed that both anesthesia types resulted in comparable mortality and complication rates in patients who underwent THA, but the costs differed.
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Introduction

Total hip arthroplasty (THA) is a surgical intervention commonly indicated for end-stage hip osteoarthritis (1). Owing to population ageing, the number of THA performed is continuously increasing (2, 3). Compared to younger patients, the risk of THA-associated postoperative complications is higher in older patients (2), with a high mortality rate of 5.8% (4).

Numerous studies are currently investigating modifications in THA surgical and anesthesia strategies to reduce postoperative mortality (4–7). However, the effects of anesthesia on clinical outcomes remain poorly understood, as conflicting results have been reported (4, 5). A study involving a large sample size showed that regional anesthesia (RA) was associated with a lower mortality rate and fewer complications, including delirium, whereas another study found that the mortality rates associated with general anesthesia (GA) and RA were comparable (4, 5).

Therefore, in this study, we aimed to compare the effects of GA and RA on clinical outcomes in patients who underwent THA based on the associated mortality and complication rates, using sample data provided by the National Health Insurance Service in Korea. Additionally, we aimed to analyze the changes in anesthesia methods and institutions performing THA surgeries in Korea.



Methods

This retrospective study was reviewed and approved by the Institutional Review Board (IRB No. 2210-032-047), and the need for informed consent was waived because de-identified administrative data was used in this study. We analyzed data of patients who underwent THA between 2002 and 2015 obtained from the National Health Insurance Service-National Sample Cohort (NHIS-NSC). Patients were selected from the NHIS-NSC database using surgical codes for THA (N0711 and N2070) and anesthesia codes of GA (L1211, L1212, L0101, and L0103) and RA (L1213, L1214). The NHIS serves as the primary mandatory national healthcare institution, with approximately 97% of Korean citizens enrolled in the service. The NHIS-NSC database contains information from 1,025,340 randomly selected individuals, representing approximately 2.2% of the total Korean population (8).

In Korea, hospitals are categorized into clinics, hospitals, general hospitals, and tertiary hospitals. Clinics primarily focus on outpatient care but are legally permitted to have up to 29 inpatient beds. Hospitals must have a minimum of 30 inpatient beds, whereas general hospitals are institutions with a minimum of 100 inpatient beds that offer specialized physician services in major areas. Tertiary hospitals, are general hospitals approved to provide a wide range of advanced medical care with a minimum of 20 departments, catering to severely ill patients. Therefore, we redefined clinics, hospitals, general hospitals, and tertiary hospitals as primary, secondary, tertiary, and quaternary care hospitals, respectively.

Based on anesthesia type, we categorized the patients into GA and RA groups. GA included volatile and intravenous anesthesia, whereas RA included spinal, epidural, and combined spinal-epidural anesthesia. Demographic characteristics such as sex, age, and hospital type were documented for all patients. Owing to the nature of the data, we could only obtain additional demographic details, including height, weight, and body mass index (BMI), for 1,212 individuals (79.6% of the study population).

The Elixhauser Comorbidity Scores (ECS) (9, 10) were determined to quantify each patient’s comorbidities based on 31 comorbidity conditions encompassing AIDS/HIV infection, alcohol abuse, blood loss anemia, cardiac arrhythmia, chronic pulmonary disease, coagulopathy, complicated diabetes mellitus, complicated hypertension, congestive heart failure, deficiency anemia, depression, drug abuse, fluid and electrolyte disorders, hypothyroidism, liver disease, lymphoma, metastatic cancer, obesity, other neurological disorders, paralysis, peptic ulcer disease, peripheral vascular disorders, psychoses, pulmonary circulation disorders, renal failure, rheumatoid arthritis, solid tumor without metastasis, uncomplicated hypertension, uncomplicated diabetes mellitus, valvular disease, and weight loss.

The primary outcome was 30-day mortality, which was defined as death (in or out of hospital) from any cause within 30 days of index admission. Delirium was defined as the administration of drugs including quetiapine, risperidone, and haloperidol during hospitalization. Transfusion rates, volumes, and types (including red blood cells, fresh frozen plasma, platelets, and whole blood) were examined using transfusion codes. Additional recorded parameters included length of hospital stay (LOS), total cost, and an investigation into postoperative complications such as admission to intensive care unit (ICU), unplanned intubation, ventilator care, cardiac arrest, myocardial infarction, pneumonia, pulmonary edema, acute respiratory distress syndrome, intracranial hemorrhage, stroke, pulmonary thromboembolism, other thromboembolic events, nerve injury, prosthesis failure, wound dehiscence, surgical site infection, sepsis, urinary tract infection, acute renal failure, and hepatic failure.

Normally distributed variables were evaluated using the Kolmogorov–Smirnov or Shapiro–Wilk test. To minimize selection bias, we performed propensity score matching in a 1:1 ratio using the caliper matching method. Propensity scores were calculated for age, sex, and ECS using logistic regression analysis. For pre-matching data, continuous variables were analyzed using the Wilcoxon rank-sum test, whereas categorical variables were compared using the chi-square or Fisher’s exact test. For post-matching data, continuous variables were compared using the paired t-test or Wilcoxon signed rank-sum test, whereas categorical variables were compared using the McNemar or exact McNemar test. All statistical analyses were two-sided, and the significance level was set at p < 0.05. The R version 3.4.1 (RStudio, Boston, MA, United States) and SAS Enterprise Guide version 6.1 (SAS Institute Inc., Cary, NC, United States) were used for all analyses.



Results

We enrolled 2,165 patients who underwent primary THA under GA or RA between January 2002 and December 2015. A total of 643 patients were excluded because of missing data, multiple operations, and staged or simultaneous bilateral operations. After exclusion, 1,522 patients who underwent unilateral primary THA were included in this study. Among 1,522 patients, only 1,212 had available clinical examination data such as height, weight and body mass index (Figure 1).
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FIGURE 1
 Flow diagram.


From 2002 to 2015, THA frequency steadily increased (Figure 2). In addition, analysis of changes in anesthesia methods over the years revealed a steady increase in the use of RA compared with the use of GA from 2002 to 2015 (Figure 2).
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FIGURE 2
 Trends in total hip arthroplasty according to the type of anesthesia.


There was a notable shift in the types of hospitals performing THA. Between 2002 and 2008, most surgeries were performed in quaternary and tertiary care facilities. However, over time, the number of surgeries conducted in secondary care facilities increased (Figure 3).
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FIGURE 3
 Trends in total hip arthroplasty according to the hospital type.


Most of the baseline patient characteristics, including sex, height, weight, and BMI, were comparable between the two anesthesia groups (Table 1). However, an age difference was observed between the GA and RA groups; the GA group was younger. To mitigate intergroup differences, a 1:1 propensity score matching was conducted, resulting in a median value of 59 for both groups (p = 0.049).



TABLE 1 Characteristics of patients included in the study.
[image: Table1]

When comparing the surgical outcomes between the GA and RA groups, the GA group had a younger average age and higher hospital costs. No significant differences were observed between the groups in terms of mortality, delirium, transfusion, or LOS. These findings remained consistent even after matching. Notably, the LOS was longer in the GA group, although no significant difference was observed (45 vs. 44 days in the RA group; p = 0.054; Table 2).



TABLE 2 Comparison of postoperative outcomes between the GA and RA groups before and after propensity score matching.
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The comparison of surgical complications between the anesthesia groups revealed that both before and after propensity score matching, the GA group showed a significantly higher incidence of ICU admission (61 vs. 27, p = 0.0002) and prosthesis failure (10 vs. 2, p = 0.039) than the RA group (Table 3). No significant differences in other complications were observed between the groups (Table 3).



TABLE 3 Comparison of postoperative complications between the GA and RA groups before and after propensity score matching.
[image: Table3]



Discussion

In this study, we compared the effects of GA and RA on clinical outcomes in patients who underwent THA and found no significant differences in mortality or postoperative delirium between the two anesthesia methods. However, the ICU admission and prosthesis failure rates were significantly higher in the GA group. Other complication rates were not significantly different between the GA and RA groups. Notably, compared with RA, GA did not significantly prolong LOS but incurred higher costs.

From 2002 to 2015, the number of THA procedures steadily increased. Before 2008, the proportion of GA was comparable to that of RA. However, since 2009, RA has been performed more frequently than GA, indicating an increasing trend. A meta-analysis performed in 2006 by Mauermann et al. (11) indicated that patients undergoing THA under neuraxial anesthesia experienced reduced surgical time and decreased blood loss compared to those undergoing surgery under GA. In addition, the incidence of deep vein thrombosis and pulmonary embolism was significantly lower (11). Another meta-analysis reported that GA leads to a higher incidence of postoperative delirium than RA (12).

For these reasons, anesthesiologists’ preference for regional anesthesia in hip surgery has gradually increased (13, 14). However, despite the benefits of regional anesthesia, anesthesiologists may opt for general anesthesia if the patient refuses or poorly cooperates with regional anesthesia, expects long surgery durations, has coagulation disorders, or has structural cardiac dysfunction, among other factors (15). Since anesthesia selection based on these patient factors could lead to bias in this study, propensity score matching was performed based on the Elixhauser Comorbidity Score.

Over the years, a shift in the types of hospitals where surgeries are performed has been observed. Until 2005, the highest proportion of THA surgeries were performed in quaternary hospitals. However, from 2006, the highest proportion of THA surgeries were performed in tertiary care hospitals. From 2011, the number of THA surgeries performed in secondary and quaternary care hospitals were comparable. This phenomenon can be explained by the changes in national healthcare insurance policies and hospital management systems in South Korea.

In this study, no significant differences were observed in mortality, delirium, transfusion rate, and LOS between the two anesthesia groups. However, the ICU admission rate was more than twice as high in the GA group (9.53%) than in the RA group (4.22%). In addition, the incidence of prosthesis failure was higher in the GA group than in the RA group (1.56% vs. 0.31%, respectively). Nevertheless, these results should be interpreted with caution, owing to the potential of selection bias; because GA may have been administered more frequently in patients for whom surgery was expected to be challenging, eliminating this bias was difficult.

Previous studies have identified aseptic loosening and instability as the major causes of prosthesis failure (16, 17). A possible hypothesis for this occurrence is that while RA provides complete muscle relaxation during surgery (18), GA may offer a lower degree of muscle relaxation. Differences in the degree of muscle relaxation may contribute to variations in the loosening and instability rates after surgery (19). Additionally, a study comparing deep and moderate neuromuscular blockade in GA found that deep neuromuscular blockade reduced blood loss and was associated with lower levels of inflammatory markers and complication rates (19). However, another study suggested that a deep neuromuscular blockade in GA offers minimal benefit and increases the risk of complications (20). As RA provides superior muscle relaxation compared to GA, it may offer advantages in this regard.

This study was based on data obtained for individuals from South Korean; therefore, it may not be transferrable to Western and Asian populations. Specifically, based on Western epidemiological studies, total hip replacement occurs 3–25 times more frequently in Caucasians than in Asians (21). The difference may be attributable to genetic differences (21). In Western countries, over 75% of primary THA were performed for osteoarthritis, whereas the most common indication for primary THA in Asian countries was osteonecrosis of the femoral head (22). Osteonecrosis of the femoral head mainly affects young male adults in their third to fifth decade of life; this may explain why the rate of primary THA in Korea is consistently higher in men than in women, in contrast to that observed in Western countries. This also clarifies why 66% of patients treated with primary THA are under the age of 65 years, whereas most patients in Western countries are over 65 years old.

The average LOS for hip replacement in Korea is far longer than that in the United States (45 vs. 4.3 days) (23). Nevertheless, the average inpatient hospital charges for each procedure in Korea are approximately six times lower than those in the United States (22). South Korea has a universal healthcare system controlled by the government and managed by the National Health Insurance Corporation. Because medical care costs are tightly controlled by the government, a high supply of health and hospital services can be provided at low prices.


Limitations

This study had some limitations. First, although propensity score matching was performed to adjust for age, sex, and comorbidities, age was still significantly different even after matching (p = 0.049). However, since both the GA and RA groups had a mean age of 59 years, this difference was statistically significant but clinically insignificant. Despite the use of advanced statistical techniques such as propensity score matching, the retrospective nature of the study carries inherent limitations. Second, because this study relied on claims data obtained from the NHIS-NSC database rather than clinical data, potential bias cannot be ruled out. Especially, data on the severity of pre-existing conditions were not available, which limits the ability to account for the potential influence of comorbidities on the outcomes. Third, since the study was conducted on Koreans, the results are specific to Koreans and the Korean healthcare system. Finally, although the sample size of this study was based on national health insurance data, it is still limited to a sample cohort. Expanding the sample size in future research would enhance the generalizability of the findings and allow for a more robust analysis of different patient subgroups. Therefore, caution is needed when interpreting the study results.




Conclusion

Our study found that the different anesthesia types in patients who underwent THA resulted in comparable mortality and complication rates but required differing costs. This study relied on claim data obtained from the NHIS-NSC database rather than clinical data, potential bias cannot be ruled out. However, the strength of this study lies in the analysis of large and representative data rather than data from single institution.
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GA, general anesthesia; RA, regional anesthesia; BMI, body mass index. Data are presented as absolute numbers or medians (25th-75th percentiles). *p < 0.05 for between-group comparisons.
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