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Abstract 9 

Background:  The problem of inappropriate deployment of medical equipment in 10 

hospitals is a significant issue in China. The purpose of the information system for 11 

rational deployment of medical equipment (MERDIS) is to inform judgements about 12 

the efficient and rational deployment of medical equipment in hospitals. For research 13 

needs, the basic information of 52 hospitals in Shanghai and other provinces are 14 

investigated. The deployment method based on clinical pathway and deployment 15 

method based on big data are designed to support the data analysis of the system. 16 

Through the analysis of macro data, the rational deployment plan of medical equipment 17 

in a certain hospital is given.  18 

Result:  Through the MERDIS system, it is convenient, accurate and intuitive to get 19 

the rational deployment plan and suggestions of different types of hospitals affected by 20 

different factors can be given conveniently, accurately and intuitively. 21 
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Conclusion: The design of the MERDIS system provides the development basis for the 22 

subsequent development of medical equipment macro data management. In the process 23 

of continuous improvement and supplement of data, the software model will become 24 

more and more accurate and reliable. 25 

Keywords: ASP.NET MVC; SQL Server; rational deployment of medical equipment; 26 

big data. 27 

Background 28 

At present medical and health resources are still scarce resources in China, the problem 29 

of inappropriate deployment of medical equipment in hospitals is a significant issue. 30 

Irrational and excessive purchase or insufficient deployment of large-scale medical 31 

equipment is widespread. However, there are a limited number of studies on the 32 

deployment and utilization of large-scale medical equipment [1-7]. This paper aims to 33 

the design a system which provides a rational recommendation of medical equipment 34 

deployment by entering the basic information of a hospital. 35 

There are multiple advantages in addressing and solving the problem of 36 

irrational deployment of medical equipment in hospitals. Such benefits include, among 37 

others: an increase in the utilization efficiency of medical equipment resources; 38 

improving the care and health of patients; reducing medical appointment waiting lists 39 

for diagnosis and treatment; and ensuring that newly established hospitals are 40 

adequately and efficiently equipped. As such, many benefits arise for patients, health 41 

practitioners and hospital management in establishing an effective medical equipment 42 
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deployment planning system. This is particularly important in public hospitals where 43 

resources are limited and capital expenditure needs to carefully managed.   44 

The deployment of medical equipment is typically the remit of the hospital 45 

equipment department. Indeed, there is a body of domestic literature on the methods of 46 

medical equipment deployment. However, such literature tends to be limited to a certain 47 

hospital and does not consider the hospital as a unit [1,2]. Furthermore, foreign research 48 

has an explicit focus on emergency medical equipment control methods [3]. Either for 49 

the special situation of medical resources allocation analysis [4,5], to solve this problem 50 

ethically [6], or for the allocation of scarce medical resources research. There is, 51 

therefore, a gap in the literature as it has not yet considered the potential role of detailed 52 

and complex statistical investigation in equipment deployment. 53 

The information system for rational deployment of medical equipment, or 54 

MERDIS for short, is developed with Visual Studio2019. The main framework is 55 

ASP.NET MVC, its development language is C# and the database is SQL Server 2012. 56 

In order to provide data basis, this study investigated the basic information of 52 57 

hospitals in Shanghai and other provinces, including the basic attributes of hospitals, 58 

diagnosis and treatment information and the current deployment of medical equipment. 59 

Among them, 20 hospitals also investigated the data of clinical pathway. The 60 

investigated hospitals include general hospitals, obstetrics and Gynaecology hospitals, 61 

children's hospitals, etc. The MERDIS analyses the above data in the database in two 62 

ways and gives the corresponding deployment value recording to the hospital 63 

parameters. The first way is to calculate the clinical pathway data of the exact hospital, 64 
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then analyse the hospital's demand for certain medical equipment and calculate the 65 

theoretical minimum deployment value, and the corresponding formula is derived to 66 

calculate. The second way is to analyse the weight of each hospital parameter through 67 

big data, and give the recommended deployment value through the general rule of the 68 

medical equipment deployment of the hospital.  69 

The deployment quantity of medical equipment should be directly affected by 70 

the frequency of usage of such equipment, and the frequency of usage of equipment is 71 

directly affected by the frequency of surgeries and visits in the hospital. At the same 72 

time, the level, built-up area and physician resources of the hospital cause the 73 

differences in the frequency of surgeries and visits in the hospital. The annual income 74 

of the hospital directly reflects the differences of the frequency of operations and visits 75 

among hospitals. Therefore, the deployment method can be designed base on the above 76 

different information. By collecting the above data, the different influence factors were 77 

analysed and processed. And then rational deployment plan of various medical 78 

equipment in different hospitals is provided to achieve the purpose of giving the rational 79 

deployment plan of medical equipment in hospital. 80 

Implementation 81 

Functional requirements analysis 82 

The main users of MERDIS are the hospital equipment managers or the relevant 83 

personnel of the hospital procurement centre. Ordinary users have the authority of 84 

login, register, information enter, query deployment plan and other functions. On the 85 
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basis of the functions of ordinary users, administrators have the authority of user 86 

information management, hospital information management, information check and 87 

modification. The information entered by users including: the basic influencing factors 88 

of the hospital; the deployment information of medical equipment; the clinical pathway 89 

information. Fig 1 Usage case diagram of the MERDIS. Each instance represents the 90 

functions that the user can realize, among which, the administrator can implement the 91 

functions implemented by ordinary users. The administrator has additional rights of 92 

information check and information management.is a usage case diagram of the 93 

MERDIS. 94 

System Design and Architecture 95 

The development environment of METDIS is Microsoft Visual Studio 2019, the 96 

development language is C# and the back-end database is Microsoft SQL Server 2012. 97 

The key technology which the system based on is ASP.NET MVC framework. 98 

ASP.NET MVC is a framework for building scalable, standards-based web applications 99 

using well-established design patterns and the power of ASP.NET and the .NET 100 

Framework. MVC-based framework is divided into three parts which are model, view 101 

and controller. This framework divides data and view independently and loose the 102 

coupling between modules. In this framework, the browser sends the client request to 103 

the front-end controller. The controller forwards the request according to the 104 

configuration file, and the back-end controller interacts with the processor mapper. 105 

After determining the view corresponding to the request, the data model is extracted 106 
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from the database through the data interaction layer and processed. Finally, the model 107 

and view of the execution result are rendered, and the interface view with data is 108 

returned to the user. This mode fully applies each component in the whole operation 109 

process, and realizes the traits of dynamic modular update of the system (8). 110 

Take data transmission, the deployment information of the hospital medical 111 

equipment which used for various analyses in the system is stored in the database, the 112 

client requests the deployment recommendation from the system in the browser, the 113 

controller receives the operation instruction, and sends the data output command to the 114 

database. The corresponding part of the data in the database is taken out through the 115 

data model, and then calculated by a series of algorithms in the controller. Finally, the 116 

recommended deployment quantity or theoretical minimum deployment quantity 117 

should be fed back to the user through the view (display layer). Fig 2 is the diagram of 118 

MVC parts. 119 

Function module design 120 

The main application objects of MERDIS is medical equipment, and the main users are 121 

hospital staff. The target aim is to recommend and evaluate the deployment of medical 122 

equipment. For ordinary users, they should register before logging into the system. As 123 

the hospital data is highly confidential, for information security, the registration 124 

information should be checked by the administrator first, and then the users can log in 125 

to the system. After logging in, users can query deployment recommendation, query 126 

deployment evaluation and upload hospital information, medical equipment 127 
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information, clinical pathway information. For administrator users, on the basis of the 128 

functions that ordinary users can achieve, they can process the user information and 129 

hospital information in the database. At the same time, the information check function 130 

is added, to check and approve the newly uploaded user information and hospital 131 

information. The abnormal information of users and hospitals are rejected or deleted, 132 

and only the normal data can be input into the database. Fig 3 shows the functional 133 

flowchart of MERDIS. 134 

Database design 135 

The main entities of MERDIS including: users; hospitals; equipment; diseases. Each 136 

entity is a table in the database. The relational table between the hospital and medical 137 

equipment is “deployment” table, and the relational table between disease type and 138 

hospital is “DInfo” table, which is used to represent the frequency of diagnosis and 139 

treatment of hospital diseases. For disease types, equipment and hospitals, the 140 

relationship between the three came into being a table “CP”, which stores clinical 141 

pathway information. What’s more, in order to facilitate the representation and save 142 

storage space, “hospital-categories” table was set up for hospital classification, 143 

“equipment-categories” table was set up for equipment classification, and “daily work” 144 

table to record the daily workload of different types of hospitals for different types of 145 

equipment, “variables” table was set up to store calculation information. Fig 4 is the 146 

database class diagram of MERDIS, through which we can intuitively understand the 147 

logical relationship between various table items in the database. 148 
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Deployment methods 149 

deployment method based on clinical pathway 150 

The basic information of the 52 hospitals surveyed includes the attributes of the 151 

hospital, category, the number of beds, the annual number of surgeries, the number of 152 

doctors, the annual medical income and the building area of the hospital. The 153 

information of clinical pathway includes the disease type, the medical equipment used 154 

in each pathway, the usage times of the equipment and the annual implementation times 155 

of the pathway. The annual demand of clinical pathway is calculated first. Based on the 156 

clinical pathway data of a hospital in the database, according to the capacity of the 157 

equipment, the annual clinical pathway demand of each kind of medical equipment in 158 

each hospital can be analysed out. Because the clinical pathway on file in the hospital 159 

cannot cover all kinds of diseases, the proportion of the operation volume of the clinical 160 

pathway in the total operation quantity can be calculated by according the annual 161 

operation quantity of the hospital. The actual operation quantity of the hospital is 162 

approximately replaced by the total amount of clinical pathway used divided by this 163 

proportion, so as to improve the accuracy of the theoretical minimum deployment 164 

value. The formula is as follows: 165 

𝑅𝑝,𝑞 = 𝐻∑ 𝑀𝑗𝑘𝑗=1 ∙ (∑ 𝑁𝑖𝑘
𝑖=1 𝑀𝑖) (1) 166 

In the formula, “R”, “M”, “N”, “H”, “p”, “q”, “k” are integers greater than or equal to 167 

1. And “M” is the annual usage times of the clinical pathway, “H” is the annual 168 
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operation quantity of the hospital, “N” is the usage times of a certain kind of equipment 169 

to be studied in the clinical pathway (calculated according to the theoretical times of 170 

examinations), “k” is the total quantity of clinical pathways in the hospital, “𝑅𝑝,𝑞” is 171 

the annual clinical pathway demand of equipment “q” in the hospital “p”. 172 

Next, the equipment capacity is estimated. Due to the influence of environment, 173 

work process, service life, maintenance times and other factors, the working capacity 174 

of medical equipment in the hospital is different. This method, according to clinical 175 

experience, estimates the average usage capacity of a certain type of equipment - 176 

"annual saturated working capacity" (calculated as "daily maximum workload × annual 177 

start-up days") in the form of "S". 178 

Finally, the theoretical minimum deployment quantity of the equipment is 179 

estimated. For the equipment to be studied, the minimum theoretical deployment of the 180 

equipment can be obtained by dividing the annual clinical pathway demand “R” by the 181 

annual saturated working capacity “S”. As: 182 𝑇𝑝,𝑞 = 𝑅𝑆  (2) 183 𝑇𝑝,𝑞 is the theoretical minimum deployment quantity of equipment “q” in the 184 

hospital “p”. 185 

deployment method based on big data 186 

In addition to the clinical pathway, this study also investigated the deployment of 187 

medical equipment in hospitals, including the quantity, grade, annual frequency of tests, 188 

annual income, service time, and maintenance cycle of certain medical equipment in 189 
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each hospital. At the same time, nine independent variables such as the attribute of these 190 

hospitals, annual operation quantity, medical income, number of beds and built-up area 191 

were also investigated as the influencing factors of medical equipment deployment. 192 

Based on the big data of these hospitals, the recommended deployment plan of medical 193 

equipment in a hospital can be given on the premise that the medical equipment of all 194 

the hospitals investigated is rational deployed. The Least Square Method is used to 195 

calculate the multiple regression equation, and the regression coefficient is stored in the 196 

database after each calculation, so as to facilitate the next calculation.  197 

Results 198 

The system will obtain the corresponding user’s information, including the 199 

name, the hospital where he/she works in and the user type after the user logs into 200 

MERDIS and then display the user information under the function bar of the home 201 

page. The top of the home page is the function bar. For ordinary users, there are new 202 

hospital information import, new equipment information import, contact and logout. 203 

On this basis, administrator users have user information management, hospital 204 

information management and information check. There are three main functions in the 205 

homepage: deployment recommendation, deployment evaluation and settings. The 206 

deployment recommendation is to query the newly established hospital’s deployment 207 

plan of medical equipment by giving the basic information of this hospital. Deployment 208 

evaluation is to evaluate the current deployment of medical equipment in the hospital, 209 

and to analyse whether the deployment plan is rational and give suggestions. Users can 210 

click "home page" to return to the main interface during use. 211 
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Take the deployment of CT and MRI in a first-class hospital of Obstetrics and 212 

gynaecology as an example. The basic information and deployment of the two medical 213 

devices in the hospital are shown in Table 1 and Table 2. 214 

Table 1 Clinical data statistics of Shanghai First maternity and infant 215 

hospital in 2019 216 

Hospital level Hospital type Operation 

quantity(times) 

Annual clinical pathway 

usage(times) 

first-class maternity hospital 65108 11881 

 217 

Table 2 Usage of CT and MRI 218 

Equipment name Total number of clinical 

pathways used 

Annual operation 

days 

Daily saturated 

workload (Times) 

CT 2714 250 120 

MRI 4182 250 40 

According to the data in Table 1 and Table 2, formula (1) can be used to 219 

calculate the theoretical annual clinical pathway demand of CT and MRI, and then 220 

formula (2) can be used to calculate the theoretical minimum deployment number 221 

based on clinical pathway. 222 

For example, the minimum deployment number of CT: 223  𝑅 =（6510811881 × 2714） (120 × 250)⁄ = 0.4958. 224 

Table 3 Comparison of actual equipment deployment quantity and 225 

theoretical deployment quantity 226 
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Equipment name R S Actual equipment 

deployment quantity 

Theoretical deployment 

quantity 

CT 14873 30000 1 0.5 

MRI 22918 10000 1 2.3 

From the data in the Table 3, it can be found that the number of CT deployment 227 

in the studied hospitals meets the demand of clinical pathway, and the deployment is 228 

more appropriate. The number of MRI deployment is lower than the theoretical 229 

demand, which cannot meet the medical needs of patients in hospital. And Fig 5 is the 230 

deployment evaluation page of this hospital. 231 

Discussion  232 

Through the MERDIS system, it is convenient, accurate and intuitive to get the rational 233 

deployment plan and suggestions of medical equipment in the hospital. According to 234 

the frequency of clinical pathway on medical equipment and the working ability of the 235 

equipment, the theoretical minimum number of medical equipment deployment in 236 

different influencing factors can be calculated by the formula, and the recommended 237 

deployment quantity of medical equipment can be obtained through the calculation 238 

method of bigdata. 239 

Due to the difficulty of data research, the current data of 52 hospitals is not 240 

enough complete and sufficient, and the deployment of medical equipment is only 241 

limited to large medical equipment. In the case of continuous data input and enrichment, 242 
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the calculation model will become more accurate and expand the scope of medical 243 

equipment covered. 244 

When the data tends to be complete and the number of statistical years increases, 245 

the function of forecasting the purchase quantity of equipment can be added in the later 246 

system version. By the annual average growth rate method, the annual growth rate of 247 

equipment deployment can be analysed, and the annual deployment quantity of the next 248 

year or even several years can be estimated according to the equipment deployment 249 

base at the end of the previous year (2). The formula is as follows: 250 

𝑅 = √𝑦𝑛𝑦0𝑛 − 1  (3) 251 

The working capacity of different equipment is also different, as well as the 252 

same kind of equipment in different models and working environment. Later research 253 

can be closer to the direction of full cycle management of medical equipment, real-time 254 

monitoring of the use of medical equipment, increase the accuracy of statistics. 255 

Conclusions 256 

By providing the relevant basic data of the hospital, the system can feed back to users 257 

the medical equipment deployment suggestions based on big data of the hospital. If the 258 

detailed clinical pathway data of the hospital is provided, the theoretical deployment 259 

plan of medical equipment based on clinical pathway can also be obtained. Through 260 

MERDIS, not only the newly established hospitals can query the deployment of medical 261 

equipment, but also the existing hospitals can evaluate the current deployment of their 262 
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own hospitals, which provides data theoretical support for the deployment of medical 263 

equipment in hospitals. 264 

With the support of more than 50 hospitals' data, the relevant data calculated by 265 

the system model are true and reliable, which can be used by the evaluated hospitals. 266 

The framework based on asp.net MVC perfectly constructs the overall structure of 267 

the system, which make the system functions from front-end view to back-end data are 268 

presented to users clearly. At the same time, SQL database is also the best choice for 269 

the large amounts data storage and processing. 270 
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