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Background: Uterine leiomyoma (UL) is one of the most common benign tumors in women, and its incidence is gradually increasing
in China. The clinical complications of UL have a negative impact on women’s health, and the cost of treatment poses a significant
burden on patients. Diagnosis-related groups (DRG) are internationally recognized as advanced healthcare payment management
methods that can effectively reduce costs. However, there are variations in the design and grouping rules of DRG policies across
different regions. Therefore, this study aims to analyze the factors influencing the hospitalization costs of patients with UL and
optimize the design of DRG grouping schemes to provide insights for the development of localized DRG grouping policies.
Methods: The Mann—Whitney U-test or the Kruskal-Wallis H-test was employed for univariate analysis, and multiple stepwise linear
regression analysis was utilized to identify the primary influencing factors of hospitalization costs for UL. Case combination
classification was conducted using the exhaustive chi-square automatic interactive detection (E-CHAID) algorithm within
a decision tree framework.

Results: Age, occupation, number of hospitalizations, type of medical insurance, Transfer to other departments, length of stay (LOS),
type of UL, admission condition, comorbidities and complications, type of primary procedure, other types of surgical procedures, and
discharge method had a significant impact on hospitalization costs (P<0.05). Among them, the type of primary procedure, other types
of surgical procedures, and LOS were the main factors influencing hospitalization costs. By incorporating the type of primary
procedure, other types of surgical procedures, and LOS into the decision tree model, patients were divided into 11 DRG combinations.
Conclusion: Hospitalization costs for UL are mainly related to the type of primary procedure, other types of surgical procedures, and
LOS. The DRG case combinations of UL based on E-CHAID algorithm are scientific and reasonable.
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Introduction

Uterine leiomyoma (UL), also known as uterine fibroids, is the most common benign pelvic tumor in women.'” It
originates from the smooth muscle cells in the myometrium and is characterized by the presence of an abundant
extracellular matrix composed of collagen, fibronectin, and proteoglycans.** UL is most frequently diagnosed in
women between the ages of 30 and 50, with the highest incidence observed in women aged 40 to 50, accounting for
approximately 51.2% to 60.9% of cases.” Despite being a benign tumor, UL often presents with debilitating symptoms
such as heavy menstrual bleeding, pelvic pressure, pain, and anemia.® Additionally, UL is associated with infertility,
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recurrent miscarriage, and preterm birth.” It is worth noting that approximately 70% of uterine sarcomas can be traced
back to UL, and it also contributes to a significant proportion of uterine cancer-related deaths.® Consequently, the clinical
complications of UL have a profound negative impact on women’s health.

The diagnosis of UL is established through four clinical methods.® First, through a pelvic examination, characterized
by swelling, irregularity, firmness, and a non-tender uterus. Second, a transvaginal ultrasound revealing a uterine volume
of less than 375mL and fewer than four fibroids, characterized by low echogenicity. Third, saline-infusion sonohyster-
ography. Fourth, Magnetic Resonance Imaging (MRI), which is the most accurate method for mapping and quantifying
fibroids. Uterine sarcoma (US) is considered in the differential diagnosis of UL. US represents rare and aggressive
uterine tumors. Originating from the endometrial connective tissue or myometrium, it accounts for approximately 3% of
all uterine tumors.”'® Studies indicate that leiomyosarcoma is the most common form of US.'! The distinction between
leiomyoma and leiomyosarcoma relies on conventional morphological criteria, including mitosis, atypia, and necrosis.'?
In some instances, differentiation may also be based on hormonal status or other treatment modalities.

UL is currently the most common indication for hysterectomy worldwide. In Canada, approximately 30% of women
undergo hysterectomy for uterine fibroids, making it the second most common surgical procedure after cesarean
section.”® In the United States, this rate increases to 40%, with nearly 600,000 patients undergoing hysterectomy
each year.'*'> Hysterectomy is associated with significant morbidity, mortality, and has a substantial economic impact
on healthcare systems.'® The estimated annual cost of surgical treatment for UL in the United States alone is as high as
$2.2 billion.!” In China, the incidence of UL has been on the rise, increasing from 3.4% in the 1970s to 5.2% in 2012.'®
A study conducted by Gu et al revealed that over 100,000 Chinese women undergo hysterectomy due to UL annually.'’
Consequently, the economic burden of UL on Chinese society is considerable, and it also significantly affects the quality
of life of affected women. To alleviate the burden of this disease on patients, it is imperative for the government to
implement measures aimed at controlling medical costs.

Diagnosis-related groups (DRG) are widely recognized as one of the most advanced methods of medical payment
management.”® Numerous studies have shown that it effectively controls medical costs and reduces the financial burden
on patients.”’*> DRG was initially developed at Yale University and was first implemented in the United States in
1983.% It is a payment system that categorizes diseases with similar clinical symptoms and resource utilization into
specific groups.>* The grouping results serve as the foundation for medical institutions to bill patients and for medical
insurance institutions to establish reimbursement standards.” In this system, medical institutions will not receive
payment if they provide excessive treatment services, ensuring medical quality and controlling medical costs.”®
However, there are variations in DRG grouping rules across different countries and regions. For instance, in Ireland,
appendectomy cases are divided into two DRG groups based on the complexity of the procedure and the age of patients,
whereas Germany has 11 DRG groups for such cases.”” Austria only considers age as a distinguishing factor when
grouping appendectomy cases, whereas France incorporates age, comorbidities, complications, length of stay (LOS), and
discharge method to establish grouping rules.”” Furthermore, unlike Finland and Sweden, Poland, the United Kingdom,
and other countries utilize LOS as a parameter for DRG grouping.?®

China has encountered challenges similar to those faced by other countries in implementing DRG. In 2009, the Chinese
government initiated a prospective payment reform based on DRG.? Through application in various regions, standards
such as BJ-DRG, CN-DRG, CR-DRG, and C-DRG have steadily become more prevalent. In an effort to standardize the use
of grouping standards in pilot cities, the National Health Care Security Administration introduced the China Health Safety
Diagnosis-Related Group (CHS-DRG) in 2019.%° Nevertheless, due to disparities in regional economic development, the
Chinese government permits each region to develop localized grouping rules that reflect their specific circumstances.’' As
a result, there are noticeable variations in the design of DRG policies and grouping rules across different regions of China.

Reasonable DRG grouping is essential for scientific cost payment, facilitating the control of medical costs and the
monitoring of unreasonable medical expenses. Most previous studies have gathered research samples from China’s
developed cities, with limited focus on western cities. For instance, Luo et al analyzed elderly cataract patients using
multi-center hospitalization data from Shanghai.>* Similarly, Wu et al investigated colorectal cancer inpatients at a single
center in Beijing.>® Zhi et al examined acute stroke inpatients across multiple centers in Jinhua, Zhejiang Province.>*
Consequently, we collected data on discharged patients with UL from a single center in a western Chinese city. Initially,
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univariate analysis was employed to identify the influencing factors of hospitalization costs for UL patients.
Subsequently, multivariate stepwise linear regression analysis screened the predictive factors for the machine learning
model. Finally, based on the predictive factors, a decision tree model for predicting UL hospitalization costs was
constructed, and an attempt was made to establish a UL case grouping scheme aligned with the region’s actual
circumstances. This study holds significant practical importance, offering insights for optimizing UL DRG grouping
management and cost payment in medical security departments across China’s western cities. Furthermore, devising

more practical grouping rules can effectively mitigate unreasonable medical expenses and reduce patient burden.

Materials and Methods

Data Source and Processing

Data for this study were obtained from the medical record information management system of a single center in a city in
western China. This center, a university-affiliated hospital, serves as a national regional medical center, integrating
medical care, education, research, preventive healthcare, and talent development. The study encompassed patients
discharged with UL between 2019 and 2022. Inclusion criteria included: a primary diagnosis code, with the medical
record’s first three digits being D25 (UL), according to the International Classification of Diseases, Tenth Revision (ICD-
10); a discharge date between January 1, 2019, and December 31, 2022. Exclusion criteria included: significant missing
information in the medical record’s primary data; obvious logical errors in the medical record’s primary data; a length of
stay exceeding 60 days. Ultimately, 14,246 eligible cases were included. Detailed information collected from the medical
record’s first page included age, occupation, admission and discharge dates, admitting and discharging departments,

diagnostic and surgical information, cost details, medical insurance, and discharge method.

Decision Tree Model

This study utilized the Exhaustive Chi-squared Automatic Interaction Detector (E-CHAID) algorithm for decision tree
analysis in case combination classification. The E-CHAID algorithm represents an enhancement of the CHAID algo-
rithm. The E-CHAID algorithm’s combination principle entails optimally segmenting the research sample according to
the target variable and chosen predictive variables, utilizing the chi-squared test’s significance level for automatic
grouping in a multivariate contingency table.>> A significant advantage of the E-CHAID algorithm is its ability to
process non-linear data and accommodate missing values, thus surmounting the constraints of traditional parametric
testing methods. Furthermore, the E-CHAID algorithm facilitates more comprehensive variable merging and grouping
compared to the CHAID algorithm, enabling more precise selection of grouping variables.

Parameter Setting

In the practical implementation of the E-CHAID algorithm, certain parameters were established. The maximum number
of tree layers was configured to 3, the minimum sample size for parent nodes was designated as 100, and minimum
sample size for child nodes was designated as 50. A 10-fold cross-validation model was employed to evaluate the
performance of the decision tree. The significance level for tree merging and splitting tests was established at a=0.05,
with a P value less than 0.05 denoting statistically significant differences at each classification node.

Evaluation Index

The effectiveness of the case combination was evaluated using the Kruskal-Wallis H non-parametric test, coefficient of
variation (CV), reduction in variation (RIV), and analytic proportion. A CV value lower than 1 signifies a high
homogeneity of inpatient costs within the DRG group. A higher RIV value, coupled with significant cost differences
among DRG groups as identified by the Kruskal-Wallis H non-parametric test, indicates greater heterogeneity of
inpatient costs between DRG groups. A higher analytic proportion suggests an improved explanatory capability of
standard costs on actual costs within the DRG group.
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Analysis Setting

Owing to the skewed distribution of inpatient costs, the median inpatient costs served as the reference value for standard
costs within the DRG group. Furthermore, the upper limit reference value for inpatient costs within the DRG group was
set at the 75th percentile plus 1.5 times the interquartile range. Patients whose costs exceeded the upper limit reference
value were classified as outliers. The weight of each DRG group was determined by calculating the ratio of its average
cost to the average cost of all cases. This reflects the degree of medical resource consumption.

Statistical Analysis

Data cleaning and the establishment of a UL database were conducted using Microsoft Excel 2016 software (Microsoft
Corporation, Redmond, Washington, United States), while data analysis was carried out using SPSS 21.0 software (SPSS
Inc., Chicago, IL, United States). Owing to the skewed distribution of inpatient costs, non-parametric tests were employed
to identify factors influencing inpatient costs.”’ Specifically, the Mann—Whitney U-test was applied to binary variables,
including the number of hospitalizations and transfer to other departments, whereas the Kruskal-Wallis H-test was utilized
for multi-category variables, comprising age, occupation, type of medical insurance, source of patient, admission pathway,
LOS, type of uterine leiomyoma, admission condition, comorbidities and complications, type of primary procedure, other
types of surgical procedures, and discharge method. Following the identification of statistically significant factors influen-
cing inpatient costs via univariate analysis, these factors served as independent variables, with the logarithm of inpatient
costs as the dependent variable, in a multiple stepwise linear regression analysis for UL cases. This was done to select
predictive factors for the decision tree model.>® The significance threshold for statistical analysis was established at a=0.05.

Results

General Information

This study encompassed 14,246 patients diagnosed with UL. The predominant age group was 40-49 years, representing 47.71%,
while those aged 30-39 years comprised 27.68%. In terms of occupation, workers constituted 35.41%, totaling 5045 cases.
Patients hospitalized only once constituted 89.41%. Urban employee medical insurance was the payment method for 38.70% of
the patients. A total of 98.43% of the patients did not necessitate transfer to another department. The LOS for most patients ranged
between 4 and 6 days, representing 56.05%. 57.10% of the patients originated from the local city. Outpatient cases constituted
99.28%. Intramural uterine leiomyomas accounted for 15.35%. A total of 89.84% of the patients presented with an admission
condition. General complications and comorbidities were present in 74.36% of the patients. Laparoscopic surgery was the
predominant surgical method for 69.53% of the patients, while abdominal and hysteroscopic surgeries constituted 14.19% and
10.38%, respectively. Other types of surgical procedures primarily involved adnexal surgery and other surgeries or interventions,
representing 46.76%. A total of 99.70% of the patients were discharged upon medical advice. The median hospitalization cost was
19,030.49 yuan, with an average cost of 18,627.26 yuan per case. For more details, please refer to Table 1.

Factors Influencing Inpatient Costs for Uterine Leiomyoma

Table 1 displays the univariate analysis results for inpatient costs among patients with UL. Age, occupation, number of
hospitalizations, type of medical insurance, transfer to other departments, LOS, type of UL, admission condition,
comorbidities and complications, type of primary procedure, other types of surgical procedures, and discharge method
significantly impacted inpatient costs (P<0.05). However, the source of patient and admission pathway did not show
a statistically significant difference (£>0.05).

Table 2 showcases the multivariate analysis findings on inpatient costs for patients with UL. The regression model’s
adjusted coefficient of determination (R?) was 0.655, and its variance inflation factor (VIF) was below 3, indicating
negligible collinearity among the independent variables. The model demonstrated a robust data fit and was statistically
significant (F=2710.297, P<0.001). The study revealed that, aside from the type of medical insurance and admission
condition, all other variables significantly influenced inpatient costs (P<0.001). Comparison of the regression model’s
standardized coefficients indicates that the type of primary procedure, other types of surgical procedures, and LOS were
the foremost factors affecting inpatient costs.
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Table | Univariate Analysis of Inpatient Costs in Patients with Uterine Leiomyoma (n=14,246)

Variables N % Cost in RMB Yuan Z/H P value
(M £ IQR)
Age 893.569 <0.001
<29 1067 749 16,513.86+£5215.04
30— 3943 27.68 17,369.64£5972.08
40— 6797 47.71 19,563.84+6217.33
50— 2217 15.56 21,055.63+4634.29
260 222 1.56 21,581.04+4649.79
Occupation 168.446 | <0.001
Unemployed 934 6.56 19,436.55+£6386.61
Worker 5045 3541 18,733.74+6633.62
Peasant 562 3.94 20,166.21+6361.34
Individual or freelance practice 1269 891 19,402.70+6400.69
Student 33 0.23 17,896.74+4023.53
Retirees 694 4.87 21,189.14+4918.01
Other 5709 40.07 18,716.02+6482.47
Number of hospitalizations -2.07 0.038
| 12,737 89.41 19,066.11+6402.93
2 1509 10.59 18,703.08+7979.34
Type of medical insurance 204.047 <0.001
No 607 426 16,058.43%11,269.20
Urban employee medical insurance 5513 38.70 19,205.71+£6461.03
Urban resident medical insurance 2431 17.06 19,486.51+6338.60
New rural cooperative medical insurance 542 3.80 20,185.83+6212.53
Other 5153 36.17 18,809.95+6417.85
Transfer to other departments -6.77 <0.001
No 14,022 98.43 18,992.4246555.52
Yes 224 1.57 21,479.82+6532.34
LOS 4758.634 | <0.001
1-3d 2803 19.68 11,334.9148116.66
4-6d 7985 56.05 19,214.84+5207.17
>7d 3458 24.27 22,015.88+5322.26
Source of patient 1.469 0.480
Local 8135 57.10 18,994.79+6631.59
Within the province 2855 20.04 19,223.1346579.78
Outside the province 3256 22.86 18,887.31+6444.11
Admission pathway 4.336 0.227
Emergency 100 0.70 20,350.42+8832.61
Outpatient 14,143 99.28 19,018.94+£6552.24
Transfer from other hospitals 2 0.01 24,741.34+11,396.46
Other | 0.0l 21,413.45+0
Type of uterine leiomyoma 2245916 | <0.001
Submucous myoma of uterus 1406 9.87 9412.75+3198.57
Subserous myoma of uterus 669 4.70 18,447.45£5675.31
Intramural uterine fibroids 2187 15.35 19,076.19+6032.88
Undefined type 9984 70.08 19,718.33£5755.12
Admission condition 71.14 <0.001
No 4 0.03 25,175.38+38,972.34
Yes 12,798 89.84 19,156.72+6375.20
Uncertain situation 76 0.53 16,882.85%11,006.62
Clinical uncertainty 1368 9.60 17,785.92+7664.41
(Continued)
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Table 1 (Continued).

Variables N % Cost in RMB Yuan Z/H P value
(M £ IQR)
Comorbidities and complications 3692.709 | <0.001
No 3498 24.55 13,716.04£7656.27
CcC 10,593 74.36 20,229.07+5206.58
MCC 155 1.09 22,469.57+7061.75
Type of primary procedure 4924.132 | <0.001
No surgical intervention or only other interventions 426 2.99 2360.15+1049.26
High-intensity focused ultrasound therapy 341 2.39 14,258.39+£2456.98
Hysteroscopic surgery 1479 10.38 9268.53+2711.18
Total vaginal surgery 26 0.18 10,835.09+£2722.09
Abdominal surgery 2021 14.19 19,800.34+6646.2 |
Laparoscopic surgery 9905 69.53 19,996.57+5006.76
Uterine artery embolization 48 0.34 13,908.93+£714.76
Other types of surgical procedures 6395.449 | <0.001
No surgical intervention or only intervention 1975 13.86 10,162.86+7081.93
Other surgeries or interventions 5447 38.24 17,253.03£5062.1 |
Adnexal surgery or intervention 79 0.55 16,040.87+3116.53
Adnexal surgery and other surgeries or interventions 6662 46.76 21,419.92+4161.86
Da Vinci robot-assisted surgery and other surgeries or interventions 29 0.20 58,118.70+3275.17
Da Vinci robot-assisted surgery and adnexal surgery and other surgeries 54 0.38 61,711.80+4591.73
or interventions
Discharge method 27.484 <0.001
Non-medically advised discharge 19 0.13 2265.18+14,509.42
Medically advised discharge 14,203 99.70 19,036.22+6563.83
Medically advised transfer 24 0.17 19,914.98+8309.32

Notes: The significance level for statistical analysis was set at #=0.05. Undefined uterine leiomyoma type refers to lack of histopathology. Admission condition refers to the

assessment of the patient’s condition at admission. M £ IQR, median # interquartile range; Z, Mann—Whitney U-test; H, Kruskal-Wallis H-test.

Abbreviations: LOS, length of stay; CC, general complications and comorbidities; MCC, major complications and comorbidities; N, number; RMB, ren min bi.

Table 2 Multivariate Stepwise Regression Analysis of Hospitalization Costs in Patients with Uterine Leiomyoma

Variables Non-Standardized Coefficients Standardized | T-Statistic | P value | Tolerance | VIF
Coefficients
p£SE 95% CI

Constant 7.365+0.089 (7.192, 7.539) 83.116 <0.001

Type of primary procedure 0.187+0.002 (0.182, 0.191) 0518 80.500 <0.001 0.583 1.714
Other types of surgical procedures 0.094+0.003 (0.089, 0.099) 0.235 36.894 <0.001 0.594 1.683
LOS 0.165+0.004 (0.156, 0.173) 0.230 39.730 <0.001 0.724 1.382
Comorbidities and complications 0.064+0.006 (0.052, 0.076) 0.060 10.336 <0.001 0.708 1.412
Types of uterine leiomyoma —0.028+0.003 (—0.034, —0.023) —0.058 —10.341 <0.001 0.774 1.292
Occupation —0.009+0.001 (-0.011, —0.007) —0.044 —8.906 <0.001 0.985 1.016
Discharge method 0.358+0.043 (0.274, 0.441) 0.041 8.414 <0.001 0.995 1.005
Age —0.020+0.003 (—0.026, —0.015) —0.037 —6.887 <0.001 0.832 1.202
Transfer to other departments 0.123+0.019 (0.086, 0.159) 0.032 6.549 <0.001 0.999 1.001
Number of hospitalizations 0.030+0.008 (0.015, 0.045) 0.019 3.881 <0.001 0.986 1.014

Notes: An explanation of the variable types can be clearly found in Table I. The significance level for statistical analysis was set at a=0.05.
Abbreviations: VIF, Variance Inflation Factor; B, non-standardized coefficients; SE, standard error; Cl, confidence interval.

DRG Grouping Prediction Using a Decision Tree Model for Uterine Leiomyoma
Table 3 presents the optimized DRG grouping scheme for patients with UL. A decision tree model was constructed, employing

the type of primary procedure, other types of surgical procedures, and LOS as predictive variables. The model was segmented

into three layers, yielding a total of 11 case combinations. The results of the grouping are illustrated in Figure 1.
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Table 3 The DRG Grouping Scheme of Uterine Leiomyoma

Groups | Grouping Rules N (%) Median £ IQR in Mean Standard
RMB Yuan Deviation

DRGI No surgical intervention or only other interventions 426(2.99%) 2360.15+1049.26 2875.34 2459.66

DRG2 Uterine artery embolization or high-intensity focused ultrasound 389(2.73%) 14,161.55+2444.01 14,763.58 1522.54

therapy

DRG3 Hysteroscopic surgery or total vaginal surgery, LOS [-3d 1095(7.69%) 8748.81+2128.66 9175.63 2208.39

DRG4 Hysteroscopic surgery or total vaginal surgery, LOS24d 410(2.88%) 11,219.12+4442 .49 12,916.82 4679.66

DRGS5 Laparoscopic surgery or abdominal surgery, no surgical 697(4.89%) 15,969.96+3846.68 16,135.94 2847.28

intervention or only intervention or other surgeries or
interventions or adnexal surgery or intervention, LOS 1-3d
DRGé6 Laparoscopic surgery or abdominal surgery, no surgical 3501(24.58%) 17,337.28+4128.84 17,624.83 3128.04
intervention or only intervention or other surgeries or
interventions or adnexal surgery or intervention, LOS 4-6d
DRG7 Laparoscopic surgery or abdominal surgery, no surgical 1113(7.81%) 19,710.67+5805.85 | 20,456.05 4965.95
intervention or only intervention or other surgeries or
interventions or adnexal surgery or intervention, LOS27d
DRG8 Laparoscopic surgery or abdominal surgery, adnexal surgery and 320(2.25%) 19,000.72+3503.68 19,119.55 3025.70
other surgeries or interventions, LOS |-3d
DRG9 Laparoscopic surgery or abdominal surgery, adnexal surgery and | 3950(27.73%) 20,964.93+3589.97 | 21,062.23 2899.67
other surgeries or interventions, LOS 4—6d
DRGIO | Laparoscopic surgery or abdominal surgery, adnexal surgery and | 2262(15.88%) 22,800.71+4673.43 | 23,459.25 4629.93
other surgeries or interventions, LOS27d
DRGI | Laparoscopic surgery or abdominal surgery, Da Vinci robot- 83(0.58%) 60,163.34+£5278.26 | 59,698.99 4015.16
assisted surgery and other surgeries or interventions or Da Vinci
robot-assisted surgery and adnexal surgery and other surgeries
or interventions

Abbreviations: N, number; IQR, interquartile range; LOS, length of stay; RMB, ren min bi.

Standard Costs and Weights for DRG Grouping of Uterine Leiomyoma

Table 4 displays the cost standards and instances of exceeding limits in the optimized DRG grouping scheme for patients
with UL. The CV for the optimized DRG groups was less than 1, demonstrating a high homogeneity in inpatient costs
within each DRG group. The RIV was 72.02%, and the results from the Kruskal-Wallis H non-parametric test revealed
statistically significant differences in inpatient costs among the DRG groups (H=8087.635, P<0.001), signifying high
heterogeneity in inpatient costs across the DRG groups. Crucially, the analytic proportions of the standardized costs for
each DRG group surpassed 80%, demonstrating that the standardized costs of the optimized DRG groups provided
a robust explanation for the actual costs. Considering these indicators, the DRG grouping scheme for UL demonstrated
effective performance in this study.

In the grouping scheme of this study, DRG 11 exhibited the highest standard costs and weight values, indicative of
complex cases and higher consumption of medical resources. Conversely, DRG 1 displayed the lowest standard costs and
weight values, reflecting simpler procedures and lesser consumption of medical resources. Additionally, among the study
samples, 330 cases exceeded the cost limit, representing 2.32% of all cases. These over-limit cases constituted 3.49% of
the total costs. Excluding DRG 1 and DRG 4, the remaining groups had a relatively low proportion of over-limit cases.

Discussion

Drawing from international practices, DRG takes into consideration the complexity of diseases and individual patient
characteristics. Through effective medical cost management and quality assessment, DRG balances the interests of
governments, medical institutions, and patients.** Currently, DRG is recognized internationally as a payment method.
Importantly, DRG not only serves as a payment method within the healthcare sector but also prompts doctors to devise
reasonable treatment plans, thus mitigating unnecessary medical expenses and alleviating patients’ financial burdens.
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Hospitalization costs

ng=14246
(100%)

Type of primary procedure
P<0.001, F=18457.28
1

Type 1 Type 2 Type 3

Other types of surgical procedures Type of primary procedure
P<0.001, F=3295.74 P<0.001, F=804.61
1

Type 4 Type 5 Type 6 Type 7 Type 8

ny=6532 n5=3311

(45.9%) (37.3%)
LOS LOS LOS
P<0.001, F=420.26 P<0.001, F=360.49 P<0.001, F=502.36

n10=320

(2.2%)

11433501
(24.6%)

Figure | Grouping results based on the decision tree model.

Notes: Type |, laparoscopic or abdominal surgery; Type 2, hysteroscopic or total vaginal surgery/uterine artery embolization/high-intensity focused ultrasound therapy; Type
3, no surgical intervention or only other interventions; Type 4, adnexal surgery and other surgeries or interventions; Type 5, no surgical intervention or only intervention/
other surgeries or interventions/adnexal surgery or intervention; Type 6, Da Vinci robot-assisted surgery and other surgeries or interventions/Da Vinci robot-assisted
surgery and adnexal surgery and other surgeries or interventions; Type 7, hysteroscopic surgery/total vaginal surgery; Type 8, uterine artery embolization/high-intensity
focused ultrasound therapy. The decision tree model had 3 levels, with | parent node and 16 child nodes. The end of the tree model was used as grouping marker, and one
branch was a DRG group. Finally, || DRG groups were formed.

Additionally, DRG functions as a decision-making tool for healthcare institutions, facilitating enhanced precision in
management. In this study, we concentrated on patients with UL at a single center in a city in western China, examining
the DRG grouping scheme and payment standards for this condition. By analyzing sample data from 2019 to 2022, we

Table 4 Payment Standard and Exceedance of the DRG Grouping Scheme for Uterine Leiomyoma

Groups Payment RW Upper Excess Percentage of cv Analytic
Standard Limit Amount Excess Proportion (%)
N (%) Expenses (%)
DRGI 2360.15 0.15 451951 38(8.92%) 26.25 0.86 82.08
DRG2 14,161.55 0.79 19,810.14 2(0.51%) 0.70 0.10 95.92
DRG3 874881 0.49 13,230.56 35(3.20%) 6.16 0.24 95.35
DRG4 11,219.12 0.69 20,943.32 37(9.02%) 16.98 0.36 86.86
DRG5 15,969.96 0.87 23,801.57 2(0.29%) 0.44 0.18 98.97
DRG6 17,337.28 0.95 25,650.37 46(1.31%) 2.06 0.18 98.37
DRG7 19,710.67 1.10 31,503.55 40(3.59%) 6.47 0.24 96.36
DRGS8 19,000.72 1.03 25,997.47 7(2.19%) 324 0.16 99.38
DRG9 20,964.93 I.13 28,190.06 47(1.19%) 1.72 0.14 99.54
DRGI0 22,800.71 1.26 32,400.56 76(3.36%) 5.57 0.20 97.19
DRGI | 60,163.34 3.20 70,339.74 0(0%) 0.00 0.07 100.78

Abbreviations: RW, relative weight; CV, Coefficient of Variation.
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employed the decision tree model in machine learning, specifically the E-CHAID decision tree model, to develop the UL
case grouping scheme for the region. Although the study sample was only from a single center, the cases were well
represented in western China. There are three primary reasons. First, it serves as both a national regional medical center
and a quality control center for obstetrics and gynecology in Sichuan Province. Second, it encompasses medical
treatment, teaching, scientific research, prevention, healthcare, and personnel training as an integral part of the university-
affiliated hospital. Third, the gynecology department at this center is recognized as a significant national clinical specialty
project. Consequently, the findings of this study may offer valuable insights to regional health administrative departments
in optimizing the DRG grouping scheme.

Our study revealed that the E-=CHAID decision tree model classified UL patients into 11 DRG groups, utilizing three
classification nodes. The type of primary procedure served as the first-level classification node, aligning with findings
from domestic tumor-related research.***° Additionally, multivariate stepwise linear regression analysis identified the
type of primary procedure as the most significant factor influencing UL patients’ hospitalization costs. In the case
combinations, type of primary procedure was categorized into three groups: 1) no surgical intervention or only other
interventions; 2) uterine artery embolization/high-intensity focused ultrasound therapy/hysteroscopy or total vaginal
surgery; 3) laparoscopic or abdominal surgery. Different types of surgery can influence patients’ medical resource
utilization. This study demonstrated that patients undergoing laparoscopic or abdominal surgery incurred the highest
hospitalization costs. The reason is that both laparoscopic and abdominal surgeries involve traumatic incisions, posing
a certain infection risk and necessitating anesthesia. Additionally, laparoscopic surgery necessitates specific surgical
instruments and, unlike hysteroscopy, permits the examination of other pelvic organs beyond the uterus.'’

The second-level classification node is divided into two categories: other types of surgical procedures and types of
primary procedures. For the primary surgery type 2 at the first level, is further divided into uterine artery embolization or
high-intensity focused ultrasound therapy, and hysteroscopy or total vaginal surgery. This is because there is a significant
difference in hospitalization costs between patients undergoing uterine artery embolization or high-intensity focused
ultrasound therapy and those undergoing hysteroscopy or total vaginal surgery. The former belongs to modern treatment
techniques for uterine fibroids and has slightly higher costs. In patients undergoing laparoscopic or abdominal surgery,
other types of surgical procedures also have a significant impact on the hospitalization costs of UL patients. After case
combinations, other types of surgical procedures are divided into three categories: 1) no surgical intervention or only
intervention/other surgeries or interventions/adnexal surgery or intervention; 2) adnexal surgery and other surgeries or
interventions; 3) Da Vinci robot-assisted surgery and other surgeries or interventions/Da Vinci robot-assisted surgery and
adnexal surgery and other surgeries or interventions. Understandably, the presence of other surgeries or adnexal surgery
as well as Da Vinci robot-assisted surgery will increase the consumption of medical resources for UL patients. In
particular, research has indicated that the lifespan of robotic instruments is limited, and the cost of replacing instruments
is high, with maintenance costs accounting for 10% of the capital acquisition cost.*'*?

The LOS serves as the third-level classification node. Longer hospital stays correlate with increased hospitalization
costs, in alignment with the findings of numerous studies.***** This correlation exists because an increase in LOS leads to
greater consumption of medical resources by patients. Interestingly, previous studies have presented divergent views on
using LOS as a classification node variable. Wu et al argue that LOS merely represents one aspect of medical output and
is unsuitable for analyzing medical cost structures or serving as a classification node.?® Hasdai highlighted that LOS is
a crucial indicator of disease severity and merits consideration as a classification node.** Furthermore, in DRG grouping
guidelines, developed countries, including the United States, the United Kingdom, and Poland, regard LOS as
a significant factor.*> Referencing the study by Zeng et al, incorporating LOS as a node variable has been shown to
facilitate more precise grouping and reduce the proportion of outliers in various groups.*® Most importantly, the adoption
of DRG payment systems incentivizes medical institutions to enhance efficiency and, to some extent, shorten the LOS.*

The evaluation indicators from the comprehensive decision tree model demonstrate that the DRG grouping scheme for
UL in this study is sound. Our findings indicate significant homogeneity in hospitalization costs within DRG groups and
substantial heterogeneity in hospitalization costs between DRG groups. This aligns with the fundamental principle of DRG
grouping.® Additionally, the subdivided DRG groups possess strong explanatory capability regarding actual hospitalization
costs, serving as a valuable reference for medical insurance departments to optimize the UL case grouping scheme.
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Analysis of outliers reveals that 330 cases in the overall research sample surpass the cost limit, constituting 2.32% of
all cases. Relevant studies suggest that, given specific diagnoses and treatment scenarios, a certain proportion of patients’
hospitalization costs within the DRG case mix may exceed the cost limit, but this should not exceed 5%.** Overall, our
study’s outlier proportion aligns with the established requirements. Notably, the outlier proportions in the DRG1 and
DRG4 groups stand at 8.92% and 9.02% respectively, surpassing the widely accepted standard. This result suggests that
patients in these two DRG groups may consume excessive medical resources, potentially due to over-diagnosis and
treatment. Under the DRG payment model, this phenomenon could result in financial losses for medical institutions,
impacting their sustainable development.

Evidence suggests that clinical pathways can effectively standardize physicians’ medical practices as evidence-
based treatment plans.*’ Firstly, clinical pathways reduce unnecessary days of hospitalization and improve bed
turnover rates, which not only reduces the financial burden on patients but also promotes a model of quality and
efficiency development for healthcare institutions. Secondly, clinical pathways optimize hospitalization cost struc-
tures, reflecting the value of healthcare professionals’ technical skills and labor. Lastly, clinical pathways can reduce
information asymmetry between doctors and patients. Therefore, implementing clinical pathways is recommended to
regulate physicians’ medical practices, control unreasonable medical expenses, and reduce the occurrence of out-
liers, benefitting patients, healthcare institutions, and medical insurance departments. Moreover, the quality of DRG
grouping directly depends on the data provided in the medical record abstract.’® It is imperative for healthcare
institutions to strengthen standardized training for clinical personnel, medical record staff, and statistical manage-
ment teams to ensure the medical record abstracts are accurate and complete.’’ Additionally, enhancing electronic
medical records and upgrading hospital information system (HIS) functionality is crucial for effective DRG
management.52

Our sample data were collected between 2019 and 2022. During this period, the COVID-19 pandemic occurred.
Fortunately, a series of measures implemented at the center ensured that patients with UL were minimally affected, with no
fatalities reported. Following the epidemic’s outbreak, the center diligently adhered to government policy instructions and
relevant prevention and control measures. For example, it established an Incident Response Service and a command system,
identifying responsible departments and members. Clear management protocols were established for the fever clinic,
general clinic, wards, COVID-19 nucleic acid testing, and hospital staff. Additionally, employees were tasked with
conducting pre-examination, triage, and verifying patients’ health codes. In summary, the center maintained normal medical
operations during the COVID-19 epidemic and played an active role in the regional epidemic’s prevention and control.

Limitations

This study has several limitations. Firstly, the data on UL patients are collected from a single center in a city in western
China. Secondly, the absence of standardized data reporting by medical institutions leads to a scarcity of information on
various factors influencing hospital costs, including marital status, patient severity, critical conditions, and methods of
anesthesia. Thirdly, excessive costs can be attributed to numerous factors, including excessive medical interventions,
inadequate clinical pathway management, and the use of various pharmaceutical hygiene materials. However, our current
dataset does not support these assertions.

Future Direction

Moving forward, we intend to incorporate a more representative selection of multi-center data, which will be evaluated
and refined throughout the survey practice process. Furthermore, it is imperative to enhance the fundamental quality
control measures for reported data, and a comprehensive consideration of the factors influencing hospitalization expenses
is necessary.

Conclusions

This study introduces a comprehensive DRG grouping scheme for UL, employing a meticulous screening of key node
variables influencing hospitalization costs and utilizing the E-CHAID algorithm for case combination classification. Our
findings reveal that the hospital costs for UL patients are predominantly associated with the type of primary procedure,
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other types of surgical procedures, and LOS. Furthermore, conducting research using real-world data from the western
region provides valuable insights for the formulation of a localized DRG grouping scheme. Our study can serve as
a reference for other regions or countries aiming to enhance their disease diagnosis grouping systems. Moreover, our
research offers a strategic approach to manage hospitalization costs associated with UL, thereby potentially alleviating
the financial burden on patients.
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