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Purpose: This study constructs a structure of interaction between dimensions and criteria within the diagnosis-related groups (DRGs) system from a quantitative system and identifies key factors affecting the overall performance of medical services.

Method: From September to December 2020, the influence relation structure diagram (IRSD) of the dimensions and corresponding criteria was developed from the practical experience of a group of domain experts, based on the DEMATEL method. Subsequently, all dimensions and criteria construct influential weights from a systems perspective. Finally, the main influential factors were identified based on the analysis results.

Results: The IRSD results showed that, in the overall performance of medical services, “Medical service capacity (C1)” was the main influential dimension, influencing both “Medical service efficiency (C2)” and “Medical service safety (C3).” At the criteria level, “Case-mix index (CMI) (C12),” “Time efficiency index (C21),” and “Inpatient mortality of medium-to-low group (C32)” were the main influential criteria in the corresponding dimensions. The influential weight results showed that “Medical service capacity (C1)” was also a key dimension. “Case-mix index (CMI) (C12),” “Cost efficiency index (C22),” and “Inpatient mortality of medium-to-low group (C32)” were the key criteria in their respective dimensions.

Conclusion: Patients and managers should first focus on the capacity of medical service providers when making a choice or deciding using the results of the DRGs system. Furthermore, they should pay more attention to medical safety even if it is not as weighted as medical efficiency.
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Introduction

Patients select the best medical service providers or managers based on their performance; the results of such scientific and reasonable evaluations assist them in making their decision. Some medical service performance evaluation tools have been proposed from various perspectives. For example, in the United States, the Joint Commission on Accreditation of Healthcare Organizations (JCAHO) implemented standardized, evidence-based performance measures in approximately 3,000 hospitals (accredited by the association) and compared the performance of these hospitals based on safety, patient satisfaction, efficiency, clinical quality, financial management, and medical expense indexes (1, 2). In Canada, hospitals in Ontario and Alberta, local governments, and the University of Toronto jointly use the Balanced Scorecard (BSC) as a tool to measure the medical performance of hospitals (3). BSC is further used in key process management and evaluates the vision and strategy of healthcare organizations through financial, customer service, internal business, and innovation dimensions (4).

Due to the impact of different case mix compositions, such as different characteristics and number of patients in each hospital (i.e., the type and number of cases admitted), a comparative analysis by the average length of stay, cost, or any other aggregate measure is not meaningful (5). Therefore, it is difficult for traditional tools, such as BSC and key performance indices (KPIs), to effectively solve this problem in the evaluation; thus, a reliable outcome cannot be guaranteed (i.e., based on the same evaluation perspective) (6). Therefore, objective and scientific evaluation of medical services is a complex and universal dilemma (7). To address this challenge, the usual strategy for the management of healthcare organizations is to introduce the concept of a “case-mix” (8),which can ensure the reliability of the medical services performance evaluation and systemic risk adjustment simultaneously (6, 9).

The most widely used risk-adjusting tool in the management of medical evaluations is the diagnosis-related groups (DRGs) system (10), which originated in the United States. The first generation of DRG systems was developed by Fetter et al. in 1976 (5). However, it was first applied to the hospital reimbursement system in New Jersey from 1978 to 1982 (11). Subsequently, it was chosen by the US Congress as a prospective payment system (PPS) for all MEDICARE patients (65-year-old and over) in 1983 (10). After its successful application in the United States, Europe, Australia, and some Asian countries, DRG systems have also been successively applied to manage medical services (10, 12).

In 2008, Peking University researchers completed the first edition of the Chinese mainland DRG system named PKU-DRGs, evaluating the performance of medical services in 21 large public general hospitals in Beijing (13). In 2009, China launched a major healthcare reform, with the DRGs' health insurance payment method as one of the important components (14). Since then, other parts of China, such as Henan Province and Shanghai, have introduced DRG systems to manage and research medical services (7, 15). In November 2021, the National Medical Security Administration of the People's Republic of China issued a document (16) on the need to reform DRGs payment methods within a three-year schedule from 2022 to 2024. This policy puts forward higher requirements for medical institution managers, requiring them to apply DRG systems to evaluate and improve the performance of medical services in hospitals.

The goal of the designed DRG system is to isolate problem areas such that corrective measures can be initiated (5). When using the DRG system to evaluate the performance of medical service providers, the dimensions and criteria are independent. For example, Jian et al. evaluated the performance of the medical services of 21 large public general hospitals in Beijing using the DRG system (13). The results show different dimensions and criteria for the different hospitals; therefore, it is impossible to provide a comprehensive evaluation and improvement direction. Or and Häkkinen conducted research on DRG systems in the United States and Europe (17). They found a relationship between capacity, efficiency, and safety, but failed to quantify and identify key factors. Feng et al. evaluated the medical service performance of five public hospitals in Jiading District, Shanghai from 2013 to 2019 (7). They found that the DRG-based inpatient service management (ISM) policy improved the capacity and efficiency of regional medical services. However, they did not explore the relationship between dimensions and criteria; therefore, they did not find the key factors and could not compare the overall performance of the medical services affected by the policy.

Therefore, from an academic perspective, the limitations of the DRG system should be improved, as their potential application has not been explored (5). This study applies the DEMATEL method to construct the influence relation structure diagram (IRSD) and influential weight within the DRG system. The IRSD can help decision-makers understand the interaction between all dimensions/criteria and identify their influence. The influential weights can help decision makers identify highly correlated factors within the DRG system. Based on the results of this study, hospital administrators and healthcare management consultants will be able to understand the operation of the DRG system in real-world environments from a systematic perspective.

The structure of this study is as follows: section Materials and methods describes the development background and index connotation of the DRG system, introduces the DEMATEL method and calculation steps, and describes the study designs. Section Results demonstrates the application of the DEMATEL method to obtain the IRSD and influential weights of the DRG system based on a group of experts' practical experience. Section Discussion analyses and discusses the results of the study. Section Conclusion presents the limitations and conclusions of this study.



Materials and Methods


The DRG system

The basic principle of the DRG system is to classify and group cases by disease type, treatment modality, and individual characteristics (18). Therefore, the DRG system is essentially a combination of cases (10). Ultimately, expectations of the output of medical services for cases in the same group are the same (5). Based on this advantage, the DRG system can solve the challenge of directly comparing medical services due to the diverse medical services being evaluated (13). Therefore, the DRG system can be used in payment, budget, and medical quality management for hospital management (19). The DRG system includes three dimensions and seven corresponding criteria; the details are listed in Table 1.


TABLE 1 The dimensions and corresponding criteria for DRG system.
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The DEMATEL method

The Battelle Memorial Institute developed a systematic structural analysis method for assessing complex social network structure problems in the real world, namely the decision-making trial and evaluation laboratory (DEMATEL) method (20). Its main advantage is that it can analyze the interaction between subsystems in the system and visualize it using graph theory. Thus, the results can assist decision makers in focusing on a small number of core dimensions or criteria from an influence perspective (21). Researchers have applied this method to various topics such as medical decision-making (21, 22), nurse evaluation (23), education (24, 25), design evaluation (26), and open space planning (27). The calculation process is presented in our research and is implemented using Excel 2016 software (21–23). The specific steps are as follows:

Step 1: Establish an initialization influence relationship matrix T.

Based on a set of 5-impact scales [e.g., (0) no impact to (3) extremely high impact], each domain expert fills in the degree of interaction between the dimensions/criteria. Subsequently, a direct influence matrix K = [kij]n × n is constructed. Then, the practical experience matrices of all experts' direct influence matrices are integrated into an initialization influence relationship matrix by the averaging method, as shown in Equation (1).

[image: image]

where g is the number of domain experts and n is the number of criteria.

The consistency gap check for initializing the influence relationship matrix is shown in Equation (2).
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where β is the confidence, and its value is <5% (the smaller the value, the smaller the average gap between the domain experts' practical experience, and the higher the stability of the results).

Step 2: Obtain a normalized influence relationship matrix N.

An initialization influence relationship matrix T is converted into a normalized influence relationship matrix N using Equations (3, 4).
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Step 3: Derive the total influence relationship matrix H.

The normalized influence relationship matrix N uses Equation (5) to calculate the result of multiple influences between the dimensions/criteria; then, the total influence relationship matrix H is obtained.
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Step 4: Output four criteria and form an influence relation structure diagram.

The total influence relationship matrix H is obtained using Equations (6–9), which are four influence property indexes, namely, given influence, accepted influence, centrality, and cause degree for dimensions/criteria.
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where ′ is the transposed symbol.

For centrality (si+oi), a high value indicates a high degree of interaction with other dimensions/criteria; in contrast, a low value indicates a low degree of interaction. For cause-effect (si−oi), a positive value (si−oi>0) means that the main nature of the dimensions/criteria is influenced; in contrast, the main nature of the dimensions/criteria is to be affected (si−oi < 0). Finally, based on centrality (si+oi) and cause-effect (si−oi), an IRSD can be constructed, which shows the interaction of all dimensions or criteria in the real world.

Step 5: Build the influential weights.

For dimensions or criteria, centrality can be normalized to obtain the influential weight (i.e., the centrality in proportional form), as shown in Equation (10).

[image: image]
 

Data collection and participant description

This study collected 19 DRG-related domain experts' practical experience (two clinical department directors, three clinicians, five hospital functional department staff, eight DRG management consulting analysts, and one government official). The proportion of male and female experts in this questionnaire survey was about the same, and the age was mainly distributed between 31 and 40 years, accounting for 58%. Most of the postgraduate students accounted for 53%. These domain experts are committed to providing objective and truthful data. The data survey was conducted between September and December 2020. The backgrounds of the 19 DRG-related domain experts are described in Table 2.


TABLE 2 The background and characteristics of DRG related domain-experts.
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Results


The results of interdependent structure

An initialization influence relationship matrix (T) (Table 3) developed from 19 DRG-related domain experts' perspectives was constructed using Equation (1). For the matrix (T), The statistical significance confidence and gap errors for the matrix (T) were 97.82% and 2.18%, respectively. Next, the matrix (T) used Equations (3–5) to derive the influence relationship matrix (H) (Table 4). Finally, the total influence relation matrix was transformed into four criteria (Table 5) and influential weights for the dimensions and criteria (Table 6) using Equations (6–10).


TABLE 3 Initialization influences relationship matrix T.

[image: Table 3]


TABLE 4 Total influence relationship matrix H.
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TABLE 5 The four criteria for dimensions and criteria.

[image: Table 5]


TABLE 6 The influential weights for dimensions and criteria.
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At the dimension level, the centrality results (ri+oi) show the degree of importance between the dimensions. “Medical service capacity (C1)” is the largest dimension of centrality (ri+oi), indicating that it is the most important dimension of the system. “Medical service efficiency (C2)” is secondary, and “Medical service safety (C3)” is the smallest. In the “Medical service capacity (C1)” dimension, “Case-mix index (CMI) (C12)” had the largest centrality, followed by “Total weight (C13)” and “Number of DRG groups (C11)” had the smallest centrality. In the “Medical service efficiency (C2)” dimension, “Cost efficiency index (C22)” is more central than “Time efficiency index (C21)”, indicating that more attention is needed in the “Medical service efficiency (C2)” dimension. In the “Medical service safety (C3)” dimension, “Inpatient mortality of medium-to-low group (C32)” is more central than “Inpatient mortality of low-risk group (C31)”, indicating that it requires more attention in the “Medical service safety (C3)” dimension.

The results of the cause-effect analysis (ri−oi) show the influencing properties of the dimension from the perspective of the net effect point of view. The causal effects of “Medical service capacity (C1)” and “Medical service safety (C3)” are both positive (ri−oi>0), which shows that both dimensions are cause-type dimensions, which influence more than they are affected. The causal effect of “Medical service efficiency (C2)” is negative (ri−oi < 0), which shows that “Medical service efficiency (C2)” is a result-type dimension, which is more affected than its influences.

In the “Medical service capacity (C1)” dimension, the cause-effects of “Case-mix index (CMI) (C12)” and “Number of DRG groups (C11)” are greater than zero, which shows that both criteria are cause-type criteria, which influence more than they are affected. In addition, the cause-effect of “Total weight (C13)” is less than zero, which shows that “Total weight (C13)” is a result-type criterion that is affected more than the influence. In the “Medical service efficiency (C2)” dimension, the causal effects of “Time efficiency index (C21)” and “Cost efficiency index (C22)” are less than zero, which shows that both are result-type criteria. Meanwhile, “Cost efficiency index (C22)” has a lower causal effect than “Time efficiency index (C21),” indicating that “Time efficiency index (C21)” affects “Cost efficiency index (C22).” In the “Medical service safety (C3)” dimension, the causal effect of “Inpatient mortality of medium-to-low group (C32)” is greater than zero, which is a cause-type criterion. In addition, “Inpatient mortality of low-risk group (C31)” is less than zero, which is a result-type criterion. This indicates that “Inpatient mortality of medium-to-low group (C32)” affects “Inpatient mortality of low-risk group (C31).”



The results of influential weights

At the dimension level, the weights range from large to small: “Medical service capacity (C1),” “Medical service efficiency (C2),” and “Medical service safety (C3),” respectively. In the “Medical service capacity (C1),” “Medical service efficiency (C2),” and “Medical service safety (C3)” dimensions, the weights are from largest to smallest: “Case-mix index (CMI) (C12),” “Total weight (C13),” and “Number of DRG groups (C11)”; “Cost efficiency index (C22)” and “Time efficiency index (C21)”; and “Inpatient mortality of medium-to-low group (C32)” and “Inpatient mortality of low-risk group (C31),” respectively. “Medical service capacity (C1)” has the largest weight at the dimension level. “Case-mix index (CMI) (C12),” “Cost efficiency index (C22),” and “Inpatient mortality of medium-to-low group (C32)” have the largest weights in their respective dimensions. This is mainly because the larger the centrality, the more important it is. Finally, the global weights of these seven criteria ranged from largest to smallest: “Case-mix index (CMI) (C12),” “Total weight (C13),” “Cost efficiency index (C22),” “Time efficiency index (C21),” “Number of DRG groups (C11),” “Inpatient mortality of medium-to-low group (C32),” and “Inpatient mortality of low-risk group (C31).”




Discussion


Research implications

This study constructs a structure of interaction between the dimensions and criteria within the DRGs system; it quantifies and identifies key factors affecting the overall performance of medical services. These results support those of previous studies. For example, Suarez et al. suggested that a professional neurocritical treatment and care team can significantly reduce in-hospital mortality and length of stay in a neuroscience critical care unit (28). In other words, improving medical capacity can reduce mortality and improve efficiency. Chowdhury et al. showed that medical capacity growth was driven mainly by improvements in technology rather than increases in efficiency, after analyzing panel data from Ontario hospitals from 2002 to 2006 (29). Barker et al. found that low-risk inpatients who were transferred from another hospital were three to six times more likely to die than those admitted from other sources; one important reason for such transfers was insufficient medical service capacity (30). In summary, this study proves the viewpoint of the above studies and provides a further quantitative description.



Management practice based on IRSD

The IRSD results showed an interdependent relationship between the dimensions and criteria of the DRG system, as shown in Figure 1. In the overall performance of medical services, “Medical service capacity (C1)” is the main influencing factor for improving “Medical service efficiency (C2)” and ensuring “Medical service safety (C3).” In clinical practice, improving medical service efficiency or ensuring safety should be based on a corresponding level of ability. Simultaneously, although “Medical service safety (C3)” has a lower centrality than “Medical service efficiency (C2),” it is a cause-type dimension, which affects “Medical service efficiency (C2)” while being affected by “Medical service capacity (C1).” This indicates that ensuring the safety of medical services is a top priority for medical institutions. “Medical service efficiency (C2)” is the result-type dimension affected by both “Medical service capacity (C1)” and “Medical service safety (C3).” In other words, improved efficiency must be based on satisfaction of capacity and safety elements.


[image: Figure 1]
FIGURE 1
 Influential relation structure diagram (IRSD) for this study.


In the “Medical service capacity (C1)” dimension, “Case-mix index (CMI) (C12)” was the main influencing factor, affecting both “Total weight (C13)” and “Number of DRG groups (C11).” In addition, there may be a positive correlation between “Case-mix index (CMI) (C12)” and “Medical service efficiency (C2)”. “Case-mix index (CMI) (C12)” reflects the technical difficulty level of treating cases, which may be the most important criterion in DRG systems. Although “Number of DRG groups (C11)” has a lower centrality than “Total weight (C13),” it is a cause-type criterion that affects “Total weight (C13)” while being affected by “Case-mix index (CMI) (C12).” It reflects the scope and breadth of disease treatment in medical institutions. “Total weight (C13)” is a result-type criterion affected by “Case-mix index (CMI) (C12)” and “Number of DRG groups (C11).” It reflects the total output of medical services, which is determined by the difficulty of treating cases and the breadth of diseases.

In the “Medical service efficiency (C2)” dimension, the centrality of “Cost efficiency index (C22)” is greater than that of “Time efficiency index (C21),” indicating that the utilization efficiency of medical expenses is more important. However, the cause-effect of “Time efficiency index (C21)” was greater than that of “Cost efficiency index (C22),” indicating that “Cost efficiency index (C22)” was affected by “Time efficiency index (C21).” In clinical settings, reasonable control of the number of days of hospitalization can effectively reduce the cost of hospitalization.

In the “Medical service safety (C3)” dimension, the centrality and cause-effect of “Inpatient mortality of medium-to-low group (C32)” are higher than those of “Inpatient mortality of low-risk group (C31),” indicating that “Inpatient mortality of medium-to-low group (C32)” is more important and has a greater impact on “Inpatient mortality of low-risk group (C31).” In clinical practice, there are higher standards and requirements to urge medical institutions to pay attention to and ensure the medical safety of patients.

Managers can use the results of this study to provide comprehensive performance evaluations and rankings to medical service providers, such as hospitals and clinical departments. The results of the IRSD can help managers find the direction of medical service improvement. In addition, the results of this study can help the DRG system become a timely and cost-effective management decision tool and retrospective monitoring system. First, the criteria were analyzed based on electronic data routinely collected in medical institutions. There was no need for additional resources or time. Through grouping and calculation of objective data, it can provide targeted warnings and reminders to hospital managers at any time and point out the direction of improvement based on the results of the IRSD.



Academic and practical contributions

This study explored the relationship between the dimensions and criteria of the DRGs system from an academic perspective. This compensates for the deficiency of DRGs systems in medical service performance evaluation. In practical applications, this evaluation is based on the relationship between various dimensions and indicators and is closer to reality. Simultaneously, improvements in medical service performance will be targeted.



Research and methodological limitations

First, the DRG system is a successful and useful system for health care delivery management worldwide. It has rapidly developed in China in recent years. However, it needs improvement to evaluate the performance of medical services in China in a more scientific, reasonable, and comprehensive manner. Second, the DRGs system is a multidisciplinary management system that involves a variety of disciplines, such as clinical medicine, statistics, and management. Experts from different professions may have different views on the DRG system, which will also lead to deviations from the results calculated through questionnaires and the real situation. Third, due to the complexity of medical services, we must further investigate whether the impact relationship obtained by the DEMATEL method is realistic.



Future research directions

At present, the evaluation dimensions and criteria of DRG systems are not perfect, as they cannot accurately evaluate medical service performance. For example, Barker et al. (30) found that “inpatient mortality in the low-risk group” was invalid as a medical service safety criterion in some cases. In the future, the dimensions and criteria of DRG systems should be enriched and improved for more accurate evaluation. Simultaneously, researchers can construct a complete performance evaluation model based on the DRG system by using multi-attribute decision-making methods. Researchers can further use different versions of DRG systems to evaluate and compare the same hospital or clinical department and conduct a comparative study on the evaluation results. In addition, researchers can use methods, such as big data analysis and artificial intelligence, to predict medical service performance.




Conclusions

In this study, DEMATEL was used to quantitatively determine the influence and weight of the various dimensions and criteria of the DRG system, which evaluates medical service performance. Managers can use the results of this study to provide comprehensive performance evaluations and rankings for medical service providers. The results have great potential to help DRGs become a timely and cost-effective management decision tool and retrospective monitoring system. In general, this study used DEMATEL to explore the influence relationship between various dimensions and criteria of the DRG system and to identify the key factors. Based on these results, the evaluation and improvement of medical service performance will be more targeted and practical.
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