


parameters can be clinical signs, age, gender, genetic profile, or biological results. D1 

represents the decision concept, here the diagnosis of NASH, and W�� represent the 

strengths of the relationships between concepts. 

The construction of CBFCM [10] is consisting of three parts: (a) to determine 

concepts and (b) to determine the strength of cognitive relationships between concepts 

(c) to explicit fuzzy control rules. 

�

Figure 2. CPG fuzzy formalization method 

In the Semantic Web N3 formalism, the weights W�� are in the range (0,1), each 

weight (concepts’ influences) presents a degree of influence from 0 to 1 [10, 11]. 

������ ���.�����������*���

The Semantic Web framework based on CBFCM integrate heterogeneous data: Clinical 

data (signs, symptoms, …); Biological data (lab test, ...); Imaging and omics data. To 

create a patient clinical profile, we need to use all these types of data. These data are 

annotated with SNOMED CT concepts. We extracted a related part of SNOMED CT 

using UMLS. 

2. Results 

We extracted 18 clinical concepts and these concepts are annotated with SNOMED CT 

concepts (Table 1). 

�
�
�
�
�
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Table 1. Clinical concepts of NASH diagnosis model 

Clinical concepts Label Description SNOMED CT Concepts ID 

C1 Hyperglycemia  80394007 

C2 Hypertriglyceridemia 302870006

C3 HDL 9422000 

C4 Hypertension 38341003 

C5 BMI 60621009 

C6 Waist circumference 276361009 

C7 Fasting insulin  252251004 

C8 Index HOMA-IR 237650006 

C9 Alcohol consumption 160580001 

C10 ALT 250637003 

C11 AST 250641004 

C12 Apolipoprotein 259599001 

C13 GGT  60153001 

C14 Haptoglobin 85294008 

C15 α-fetoprotein 16236008 

C16 Adiponutrine gene profil 413451007 

C17 Old-Age 70753007 

C18 Sex 263495000 

D1 NASH 197321007 

We tested our diagnostic model with database of 36 patients. We have a performance 

of 91%. Figure 3 is an example of result rules. The output are N3 triples: PatienIdxxx is 

the ID of our patients, snomedct:266468003 is a decision concept (NASH), and fl:pi is 

the confidence degree of the rule. 

 

  

Figure 3. Example of decision rules 

3. Discussion and Conclusion 

The CBFCM approach allowed us to integrate heterogeneous clinical data to perform a 

personalized patient profile. This method can identify causal relationships between 

clinical, biological, genetic concepts and decision concept (Diagnosis of NASH). The 

use of CBFCM enables to incorporate several sources of knowledge (several CPGs, 

knowledge from literature), which is of great advantage since all knowledge is rarely 
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embedded in a unique CPG. Indeed, knowledge of a medical field is usually broad, 

complex and closely related to other areas so that several knowledge sources are needed 

to cover and modeled the medical domain in question. 

We have implemented the knowledge bases, rules and databases in the same 

environment (RDF, N3, Euler...) without compatibility constraints; this is one of the 

advantages of using Semantic Web tools. The success rate of 91% shows the 

functionality of the model and its future usefulness in clinical practice. 

The conducted study allowed us to test cognitive approaches reasoning to enable 

personalized medicine. The advantage of this approach is to enable the sharing and reuse 

of knowledge and simplify maintenance. This work represents a preliminary step in 

developing a CDSS and we’ll use a clinical database to test this system and to compare 

it with others statistic reasoning methods.  
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Abstract. Data analysis and their application are the unavoidable factors in the 

activities analyses in health care. Unfortunately, the acquisition of data from large 

available medical databases is a complex process and requires deep knowledge of 

computer science and especially knowledge of tools for data management. 

According to the European General Data Protection Regulation, the problem 

becomes much more complex. Recognizing these problems and difficulties, we have 

developed a Data Science Learning Platform (DSLP) that primarily targets 

practitioners and researchers but also the computer science students. Using our 

proposed tool chain together with the developed graphical user interface, data 

scientists and research physicians will be able to use available medical databases, 

apply and analyze different anonymization methods, analyze data according to the 

patient’s risk and quickly formulate new studies to target a disease in a complex data 

model. This article presents a clinical research discovery toolbox that implements 

and demonstrates tools for data anonymization, patient data visualization, NLP-tools 

for guideline search and data science learning tools. 

Keywords. Healthcare, risk prediction, Natural Language Processing, Fuzzy logic 

Introduction 

Data analysis and their application are becoming an essential aspect in the domain of 

health care, especially in the field of intensive care. The developed data analytic tools 

can provide a basis for classification problems in health care, e.g., the classification 

between normal data and anomalies. These tools will be furthermore useful to identify 

sub-groups of patients in a given population. Due to the large amounts of data, medical 

doctors are facing challenges to recognize symptoms and to identify disease in early stage 

as well as to choose optimal treatment [1].  
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The data is often very complex and exists in different medical systems and the 

doctors need a fast access to the right information at the right time. Even with very 

experienced physicians, this can be a complex task. It is essential for researching 

physicians to have available test data that they can easily statistically analyze and 

combine. Moreover, the results provided by machine learning, e.g., disease prediction or 

risk, could also help them to build more efficient models by adjusting patients parameters 

on one side, and to combine it with guideline recommendations on the other side. In the 

recent years, there are a lot of studies that use the power of Artificial Intelligence for the 

design of risk prediction models [2], [3][4]. The Risk Based Toolbox was created 

following systematic literature review and recommendation as well as survey of clinical 

trial units [5]. A detailed review and the principles of anomaly detection algorithms in 

the different types of medical problems are described in [6]. Each of these algorithms 

work well on special types of data and computer scientist and statisticians were in the 

most cases the targeted user group for this type of research. There are furthermore 

numerous published examples of powerful computational tools - clinical decision 

support systems - installed in hospital, that can for example identify critical values 

automatically and help clinicians in decision [7],[8]. The semantic CDSS systems based 

on ontology and application of fuzzy ontological reasoning in the medical guidelines are 

presented in recent studies [9], [10]. The different anonymization methods are earlier 

presented in [11][12][13] and implemented in anonymization tools [14]. We recognized 

the lack of integration of the mentioned models into a useful research and discovery tool 

that will be primarily intended for analyzing, learning, researching and testing the results.  

Our goal is that the proposed model and toolbox primarily target learning clinical 

researchers who are newcomers to the two areas; artificial intelligence and medicine. The 

computer science students and data scientists will also find this toolbox helpful with their 

studies to understand and analyze the results provided by AI algorithms, to understand 

the process of anonymization, machine learning, NLP and fuzzy logic and to be able to 

use and to easier analyze big data. To ensure that the data, which is continuously 

collected, can also be used by researching physicians in an appropriate manner to their 

tasks, a Graphical User Interface (GUI) is developed that can also be operated efficiently 

and effectively by this user group. 

1. Material and Methods 

According to the European General Data Protection Regulation (GDPR), the health data 

are treated “as a "special category" of personal data which is considered to be sensitive 

by its nature” [15]. For demonstration purpose, we used the MIMIC-III 100 patients 

database provided by [16][17]. As the MIMIC-III patients’ data are already anonymized, 

in our application we used synthetic tool [18] to generate patient data and to test and to 

improve the anonymization methods.  

The enclosed program was created in the object-oriented C\# programming language 

using the .NET framework, where windows are GUI controls of the .NET Framework. 

Microsoft Visual Studio 2019 was used as the development environment. For testing data, 

the open-source synthetic data generator Synthea was used [18]. The software is 

integrated with Python code where the model for risk prediction [19] is investigated. 

PostgreSQL as open-source object-relational database and the Matlab Fuzzy rule 

database are used for the primary data management. The code for our tools can be found 

at https://gitlab.rlp.net/l.begic899724/dslp. 
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2. Methodology and Design 

We developed a graphical user interface that consists of the four-parts anonymization 

tool, patient simulator tool, risk prediction tool and guideline tool (Figure 1).  

 
Figure 1. Data Science Learning Toolbox. 

 

The first anonymization tool contains five different parts as it is presented in Figure 

2. The first functionalities (No. 1 and No. 2 in Figure 2) represent the data import process, 

where the files' format can be a CSV-file generated from the various data sources. The 

properties of the attributes of the data are displayed in No. 3 in Figure 2. 
 

 
Figure 2. Anonymization toolbox 

 

To anonymize the data, a hierarchy is required for each quasi-identifying attribute 

(No. 3 and No. 4 in Figure 2). At this stage, the application offers the different 
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anonymizations’ algorithms: k-Anonymity [11], Distinct l-Diversity [12] and t-

Neighborhood [13] (No.5 in Figure 2). The button marked as No.6 in the same Figure is 

used to transfer the input data and the specified information to the next level, in which 

the individual created nodes are checked via the OLA algorithm [20]. The patient 

simulator toolbox simplifies the procedure of formulating complex SQL queries to get 

patients' results for different parameters like lab events, vital signs or the parameters that 

integrated more data to construct an event e.g., mechanical ventilation or medication 

treatment. The users in a simple way pick up and match the patient data according to the 

desired criterion and have the statistical analysis and visualization for every available 

parameter over the different time interval. The guideline tool represents a 

recommendation engine where over 1020 different recommendations from 45 guidelines 

[21] are stored in a database and can be used by different search criteria.  

Additionally, using our recently published NLP-FUZZY algorithm [19] we created 

a procedure for automatic recommendation extraction from guidelines and insertion of 

recommendations from guidelines to the database. The proposed NLP-FUZZY algorithm 

combines capabilities of Natural Language Processing (NLP) and Fuzzy Logic 

approaches. In the first step, the NLP-FUZZY performs a semantic extraction of medical 

guidelines using a bi-directional Long Short-Term Memory (LSTM). Subsequently, 

using the extracted semantic, it creates fuzzy rules, which are able to recognize new cases 

in a learning domain while predicting and extracting the grade of recommendation.  

The last toolbox (Figure 3) brings together the results of merged waveform patient’s 

data from the patient simulator toolbox, the risk prediction algorithm based on Dynamic 

Time Warping- Dynamic Barycenter Averaging (DTW-DBA) [4]  approach and the 

medical guidelines engine. In the learning phase of the DTW-DBA algorithm, a statistic 

approach in combination with DTW is used to merge all patients in "positive on disease" 

and "negative on disease" classes and create a Dynamic Time Warping Barycenter 

Averaging analysis for each feature [19]. In the second classification phase, validation 

data sets are used to validate the precision of classification (No.1 - No. 2 in Figure 3). 

Additional adjustments such as frequency and positioning in the graph gives to user an 

opportunity to analyze the graph and risk results in selected segments as well as in chosen 

time slots (No. 3 in Figure 3). In the risk simulation, the stable vital parameters are 

presented with the blue line, and in the moment where risk is recognized, the graphs' 

lines change their color in red. When the risk is recognized, the risk percentage is shown 

and in the same moment the recommendations connected with the disease are offered to 

the clinician (No. 4 in Figure 3). Here the complete statistical analysis over the patients 

with the most similar symptoms are done and according to it, the most appropriate 

recommendation is singled out (No. 5 in Figure 3). Expected results for vital sign 

parameters after the suggested recommendation (based on previous statistical analysis 

over the most similar patients) are also presented to the researcher. The information about 

the recommendation strategy and the statistical analysis over the patients with the similar 

patient condition gives the young physician the opportunity to analyze different risk 

patterns and possibly find out some hidden properties in patients states. The developed 

tools in this paper are prototypes and research demonstrators for training purposes and 

showing the work process of a future research tool chain. However, further research is 

needed especially in the field of the clinical applications and use-cases. 
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Figure 3.  Risk prediction toolbox. 

 

Here especially knowledge from medical experts is required to identify/classify, e.g., 

anomalies in the time series and to connect them with a real medical event. This solution 

represents a useful tool to connect experts from the computer science with health experts 

and to evaluate upcoming novel data analysis approaches and algorithms. 

3. Conclusion and Future Work 

In our work, we presented the development and implementation of the Data Science 

Learning Platform (DSLP) for research physicians. The first purpose of the DSLP is to 

offer research physicians the possibility to simplify the data acquisition from Healthcare 

Big Data without knowing complex SQL queries and other computer science techniques.  

The combination of Natural Language Processing and Fuzzy logic is demonstrated in 

real guideline examples and the automatic extraction and insertion of the guidelines are 

provided for research. The last tool in our DSLP is an integrated risk prediction algorithm 

based on DTW-DBA approach. Here, the physicians have an opportunity to analyze the 

patient's risk, analyze suggested recommendations as well as estimated vital sign 

parameters after recommendation application. The next step in DSLP will be to 

implement synthetic data platform using ML techniques. Here the research physician 

will have opportunity to generate synthetic data to match sample data, where the 

important properties of sample data are reflected in synthetic data. 
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Abstract. Anti-Microbial Resistance is one of the greatest threats that mankind 

faces right now due to the inappropriate use of antibiotics. Institution of appropriate 

antibiotics in right dose for the right patient at right time is the “gamechanger” in 

fighting AMR. Antibiotic Sensitivity Testing (AST) or antibiogram is done to 

ascertain the sensitivity profile of the organism. The most widely used method in 

laboratory practice in India is the Kirby-Bauer’s disk diffusion test. There are few 

shortcomings in the manual interpretation of antibiograms in the form of high inter-

operator variability, mandatory requirement of trained microbiologists – which is 

difficult in low-resource settings and high degree of interpersonal bias due to various 

factors like stress, workload, and visual acuity. We propose the Ab.ai tool for 

automating the AST procedures in laboratory. The Ab.ai tool comprises of 3 phases: 

first for data collection, second for data processing and the third for generation of 

antibiotic sensitivity reports. Various software packages like OpenCV and 

EasyOCR are used for the development of the Ab.ai tool. A total of 50 antibiograms 

of both GPC and GNB are interpreted both by manual and automated method. The 

manual method is considered the “gold-standard” and the performance of Ab.ai tool 

was compared against the manual method. The Ab.ai tool achieved an agreement of 

98.4% on susceptibility categorization of GPC antibiotics and 97.6% on that of GNB 

antibiotics against the gold standard manual method. The proposed Ab.ai tool serves 

as a perfect candidate for automating AST procedures and would prove to be a 

“game-changer” in battling AMR. 

Keywords. Antibiogram, Antibiotic Susceptibility Testing, Anti-Microbial 

Resistance, Artificial Intelligence, Automated Tool 

Introduction 

Anti-Microbial Resistance (AMR) is one of the major threats looming in patient care 

globally [1]. It refers to the development of the adaptive mechanism by the microbes 

through which it negates the detrimental effects of the antibiotics used to treat the 

infections caused by them. Antimicrobial Susceptibility Testing (AST) or Antibiogram 

is a laboratory procedure done to ascertain the susceptibility profile of the microbe i.e., 

to which antibiotics the microbe would respond. The most widely used method in 

laboratory practice in India is the Kirby-Bauer’s disk diffusion test. 

Briefly, the procedure of antibiogram is as follows: the isolated organism is lawn 

cultured over the Mueller Hinton Agar (MHA) and the commercially available antibiotic 
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disks are placed over the MHA with equal spacing between the disks. The culture plates 

are then incubated overnight. The zone surrounding the antibiotic disks where there is 

no growth of bacteria is known as the Zone of Inhibition (ZOI) is formed. This is 

interpreted by a microbiologist according to the Clinical and Laboratory Standards 

Institute (CLSI) guidelines.  

Artificial Intelligence (AI) has revolutionized health care sector in several ways. AI 

has proved to be an efficient tool in fighting AMR. Potential of Machine Learning in 

various aspects like predicting resistance from genome data, utilizing this data to frame 

the antimicrobial stewardship policy and developing newer antibiotics in the long run [1]. 

An offline mobile application-based AST interpretation system was developed and 

achieved good performance in terms of overall agreement with susceptibility 

categorization [2]. AntibiogramJ, an open-source software for automatic interpretation 

of antibiograms provides an efficient and cost-effective solution for automating the 

laboratory procedures. This model achieved an impressive agreement of 87% with 

trained microbiologists [3]. A next gen solution to combat AMR has been proposed in 

Robotic Antimicrobial Susceptibility Platform (RASP). The RASP was able to perform 

superiorly than the human technicians in terms of throughput, data resolution and cost 

parameters [4]. 

A supervised machine learning based AST automation software, Antilogic was 

developed for interpretation of AST. Antilogic achieved an impressive agreement against 

the validation set [5]. An innovative Automatic Identification Algorithm (AIA) has been 

developed for automating the process of reporting of AST. Various antibiotics were 

tested through this automated tool. However, several challenges were faced in this trial 

like imperfect seeding of microorganisms, partial action of antibiotics, overlapping zone 

of inhibition, formation of secondary halos, etc. [6]. Machine Learning models were 

developed to predict the antibiotic resistance of bacteria causing primary and secondary 

pyoderma infections. Various antimicrobial families used to treat Skin and Soft Tissue 

Infections (SSTIs) were analyzed and a non-linear relationship is found to exist in 

predicting the antimicrobial resistance [7]. The key factor for incorporation of these AI 

technologies in clinical practice is its “explainable” nature. The scientific basis of usage 

of AI and Machine Learning Technologies in battling AMR should be demonstrated with 

clear evidence, paving way for its incorporation into clinical practice and public health 

measures [8].  

Gaps identified in the manual AST procedures are as follows: high inter-operator 

variability, mandatory requirement of trained microbiologists – which is difficult in low-

resource settings and high degree of interpersonal bias due to various factors like stress, 

workload and visual acuity. 

1. Methods 

The proposed architecture of the automated Ab.ai tool is depicted in Figure 1. The study 

was approved by the Institutional Ethics Committee (Reg No. 199(5)2022). Various 

software packages like OpenCV and EasyOCR are used for the development of the Ab.ai 

tool. 

OpenCV: Computer Vision Library, a software library used for applications pertaining 

to computer vision which is available as open source. 

EasyOCR: An Optical Character Recognition package based on Python. 
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Figure 1. Architecture of the proposed automated Ab.ai tool 

 

The Ab.ai tool comprises of 3 phases: first for data collection, second for data 

processing and the third for generation of antibiotic sensitivity reports. 

1.1.  Phase 1: Data Collection – Capturing of Antibiogram Images 

The data collection phase deals with the capturing the images of antibiogram plates. The 

organism which was streaked in the culture plate would also be provided as input. Images 

of 50 antibiogram plates which consists a total of 250 antibiotics (25 plates streaked with 

Gram Positive Cocci (GPC) and 25 plates streaked with Gram Negative Bacilli (GNB)) 

were captured using Redmi Note 8 smartphone which possess a Quad camera with 

resolution of 48 Mega Pixel. The GPCs used in this study are Staphylococcus aureus and 

Enterococcus species (Enterococcus faecalis and Enterococcus faecium) and the 

antibiotics used are Penicillin G, Cephalexin, Cefotaxime, Co-Trimoxazole, 

Erythromycin, Cefoxitin, Ciprofloxacin, Clindamycin, Vancomycin and Linezolid. The 

GNBs used in this study are Pseudomonas aeruginosa and Escherichia coli and the 

antibiotics used are Amoxycillin Clavulanic Acid, Amikacin, Gentamicin, Ciprofloxacin, 

Cephalexin, Cefotaxime Clavulanic Acid, Ceftazidime Clavulanic Acid, Piperacillin 

Tazobactam, Imipenem, Tetracycline, and Cefepime. The images were taken at a 

standard distance of 15 cm from the culture plates. These images are then transferred to 

the Personal Computer for further processing. 

1.2. Phase 2: Data Processing – Analysis of Antibiograms 

This data processing phase revolves around analyzing the antibiogram images. The 

images of the antibiogram plates were processed using the OpenCV and EasyOCR 

packages. The main aim of this phase is to identify the antibiotic disks and to measure 

the diameter of the Zone of Inhibition (ZOI). 

 

Recognition of the Antibiotic Disks: The antibiotic disks along with the ZOI were 

segmented from the antibiogram images using segmentation techniques. This segmented 

image was then processed using the EasyOCR package. The symbol of the antibiotic and 

its disc concentration were read from the segmented images. The symbols were then 

compared with the database to find the full antibiotic name. 
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Measurement of the diameter of the Zone of Inhibition (ZOI): The AI model was 

trained to delineate the ZOI from the adjacent zones with microbial growth. The diameter 

of the ZOI was then measured. 

1.3. Phase 3: Generation of Antibiotic Sensitivity Report 

This phase deals with the assimilation of the data gathered from Phase 2. The Zone size 

interpretative chart for the Antibiotic sensitivity testing based on the CLSI guidelines is 

maintained in the MySQL database. The antibiotic, its disc concentration and the 

diameter of the ZOI for the particular organism would be matched with the database and 

the report is then generated.  

2. Results 

The data processing phase identified the various antibiotics and their respective ZOI. The 

sample image of antibiogram plate streaked with Pseudomonas aeruginosa is shown in 

Figure 2 (A). The output showed segmentation of the ZOI, identification of the symbol, 

disc concentration of antibiotic and measurement of its diameter as in Figure 2 (B). 

 

 
Figure 2. (A) Image of antibiogram plate streaked with Pseudomonas aeruginosa (B) Segmentation of ZOI, 

Identification of symbol and disc concentration of the antibiotic and measurement of diameter of ZOI 

 

Analysis of performance of the Ab.ai tool 
The 50 antibiogram plates which consists a total of 250 antibiotics were interpreted by 2 

microbiology trainees and each of them individually interpreted the susceptibility of the 

antibiotics as Sensitive, Intermediate or Resistant according to CLSI guidelines. 

Discrepancies between the interpretations of the trainees were further resolved by a 
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senior microbiologist. Thus, the interpretations provided by the microbiologist through 

manual method are considered to be the gold-standard. The performance of the Ab.ai 

tool was compared against the manual method and the results shown in Table 1. The 

sample antibiotic sensitivity report generated by the Ab.ai tool is shown in Figure 3. 

 
Table 1. Performance evaluation of the automated Ab.ai tool against the manual method. Interpretation of 

125 antibiotics for GPC and GNB each by trainees, manual and automated method are shown. 

 Gram Positive Cocci (GPC) Gram Negative Bacilli (GNB) 
 Sensitive Intermediate Resistant Sensitive Intermediate Resistant 

Trainee 1 48  24  53  50  26  49  

 

Trainee 2 49  22  54  52  24  49  

 

Manual 

(Trainees + 

Sr. 

Microbiolo-

gist) 

49  24  52  51  25  49  

Automated 

(Ab.ai) 

48 24 53  53 24 48  

 

 
Figure 3. Sample antibiotic sensitivity report for the sample shown in Figure 2. 

3. Discussion 

The Ab.ai tool has proved to be successful in interpreting the antibiograms. The AI model 

has been able to accurately identify the symbol and disc concentration of the antibiotics. 

Figure 2 (B) shows an example of accurate segmentation of the ZOI. However, it is found 

that in some instances the AI model hasn’t accurately segmented the region. This has 

been attributed to the irregular margins of the ZOI and streaks of growth presenting over 

the ZOI. 

Interobserver variability is evident from the difference in interpretations of 

antibiotics by the 2 trainees for both GPC and GNB groups as depicted in Table 1. The 

interpretations of automated Ab.ai tool is compared with the manual method. The Ab.ai 

tool achieved an agreement of 98.4% on susceptibility categorization of GPC antibiotics 

and 97.6% on that of GNB antibiotics against the gold standard manual method. Hence, 

the Ab.ai tool is found to perform superiorly than AntibiogramJ [2]. These results point 

out towards the success of the Ab.ai tool. 
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4. Conclusion 

AMR is a major clinical hazard. Institution of appropriate antibiotics in right dose for the 

right patient at right time is the “gamechanger” in fighting AMR. The proposed Ab.ai 

tool serves as a perfect candidate for automating AST procedures. The key pros of this 

tool are alleviation of inter-observer variability and helps to automate AST in low 

resource settings even in absence of trained microbiologists. 

 

Future scope of the study 
� The study utilized only 50 antibiograms. Hence, evaluating the performance of 

the Ab.ai tool with much larger number of antibiograms would make the tool 

more robust. This could be done considering large samples of various species 

of GPC and GNB and a wide range of antibiotics including both first- and 

second-line drugs. Furthermore, this exercise could be expanded to multicentric 

setup wherein antibiotic resistance patterns could even be analyzed globally.  
� The images used in this study were captured using a single smartphone camera. 

Analyzing the antibiograms captured using different cameras would be critical 

in eliciting any bias and if found, suitable corrective measures could be taken. 
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Abstract. This paper deals with a developed information system called a Personal 

Genetic Card (PGC). The system aims to integrate the known clinical knowledge 

(interpretations and recommendations) linked to genetic information with the 

analysis results of a patient. Genetic information has an increasing influence on the 

clinical decision of physicians as well as other medical and health services. All these 

services need to connect the genetic profile with the phenotypes such as drug 

metabolization, drug toxicity, drug dosing, or intolerance of some substances. It still 

applies that the best way to represent data of medical records is a structured form of 

record. Many approaches can be used to define the structure (syntax) of the record 

and the content (semantics) of the record and to exchange data in forms of various 

standards and terminologies. Moreover, the genetic analysis field has its 

terminology databases for representing genetic information (e.g. HGNC, NCBI). 

The next step is to connect the genetic analysis results with c clinical knowledge 

(interpretation, recommendation). This step is crucial because the genetic analysis 

results have clinical benefits if we can assign them to some valid clinical knowledge. 

And the best final result is when we can make a better recommendation based on 

the genetic results and clinical knowledge. Genetic knowledge databases (e.g. 

PharmGKB, SNPedia, ClinVar) contain many interpretations and even 

recommendations for genetic analysis results based on different purposes. This 

situation is appropriate for developing the PGC system that takes inspiration from 

case-based reasoning in purpose to allow integration of the assumptions and 

knowledge about phenotypes and the real genetic analysis results in the structured 

form. 
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Introduction 

The importance of genetic information grows in link with an increasing volume of known 

connections of genetic information with clinical information. Genetic information can 

influence the decision in standard health care as well as in nutrition consultancy or sports  

medicine. Regarding genetic analysis, the important clinical areas are medication 

metabolization, substance intolerance (e.g. higher toxicity), and possible predisposition 

for diseases. 

The important parts of a genetic analysis results storage system are part of the 

genetic analysis results representation and interpretations and their binding with the 

analysis results. Of course, there is a request for the issue of security and privacy, such 

as pseudo anonymization and full encrypted data (according to the best practice). 

The genetics area has several specifications that must be considered in the analysis 

and design of the application for genetic results representation and their connection with 

the clinical knowledge (interpretation, recommendation). There are recommendations 

and guidelines for genetics analysis result representation. Therefore, these issues should 

be based on best practices in the field (e.g. based on CPIC [1]). The important conditions 

for using genetic information are a substantial benefit for healthcare and/or life quality 

and structured and powerfully secured storage and manipulation with the genetic 

information. In the first step, we developed a strategy for our system, called Personal 

Genetic Card (PGC) [2]. The PGC system was developed within the project Genomkit, 

where the primary intention was to design and create microarray chips for three fields – 

pharmacogenetics, nutrigenetics and sports genetics. Although the project’s main goal 

was to design and create microarray chips, it was clear that the clinical usefulness of the 

results must be declared from the beginning. Since pharmacogenetics was the lead topic, 

the PGC was primarily developed for pharmacogenetics but can also be used for all fields. 

Therefore, the created strategy determines the use of existing terminologies and 

standards of the genetic analysis representation and interpretation for our project. The 

request was to create a system for integrating individual genetic analysis results and 

relevant clinical knowledge but with the potential to extend this information pool to other 

(clinical) parameters. In this paper, we would like to describe and discuss the clinical 

knowledge assignments to the given analysis results. 

1. Material and Methods 

First, we should mention the issue of transforming the genetic analysis results from a 

sequencer into a usable format (for the PGC). This issue is not a part of the PGC because 

the situation with sequencing can be complicated, and there is no reason to incorporate 

it into the system for storage and interpretation linking. The important is a clearly defined 

format that we request at the system’s input. The PGC system is built on integrating 

genetic analysis results and their interpretations for particular patients. From this 

perspective, we can create the system as a partial variation of the Case Based Reasoning 

(CBR) [3] methodology. In the CBR approach, the knowledge base is created by cases, 

where each case contains the problem description part and solution part. In our case, the 

problem part of a case is determined by the purpose of the analysis and obtained genetic 

analysis results. The solution of the case is represented by the known connections to the 

clinical knowledge. 
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In [2], we stated systems LOINC [4, 5], and SNOMED [6] as the possible resource 

for a definition of the structure items of the created systems. Further, we determined 

LOINC as the system we want to use to define our components. The LOINC was chosen 

because its primary aim is the representation of laboratory and clinical results and a more 

direct description of particular components. However, it is necessary to say that the 

LOINC is used only as vocabulary for our system components, and it is not a template 

for the system’s structure. 

Further, we define the necessary resources for genetic analysis results 

representation, and the LOINC helps us to determine these terminologies. The first 

database is the HUGO Gene Nomenclature Committee (HGNC) [7] for defining codes 

and names for particular genes. The second database is the NCBI Single Nucleotide 

Polymorphism Database (NCBI dbSNP) [8] that represents the polymorphism by a code 

with the ”rs” prefix and a various numbers of digits. Finally, we use the standard 

expression for alleles (A,C,G,T) or expression for haplotypes (e.g *1/*1). Thus, The 

import of the results into the PCG is in a simple form to test our concepts. There are to 

possibilities of this import form (as well as test definition): HGNC gene, rs code from 

NCBI dbSNP, allele name triplet and HGNC gene and haplotype definition pair. 

Finally, we need to define clinical interpretations of the genetic analysis results. 

Our purpose is to allow to use of existing interpretations as well as the possibility of 

creating internal interpretation by a provider of the system. However, the first step was 

to create the interpretation model based on the existing knowledge database. Several 

databases can be used. In the [2], we describe three basically known of them: PharmGKB 

[9], SNPedia [10], and ClinVar [11]. There are differences between these databases, but 

the mutual elements of each of them are the use of terminology and referencing to the 

articles that create the validation of declare interpretations. In our perspective, the most 

advanced database is the PharmGKB, which is also associated with CPIC [1] initiatives. 

The second reason for this step was that our primary focus in the interpretations is on 

drug administration optimization. 

2. Results 

As we mentioned in the previous chapter, both knowledge base and reasoning structure 

are based on case-based reasoning (CBR). These assumptions allow us to create the 

structure depicted in Figure 1. From our perspective, there are several following specifics 

to create a case: 

� The first one is the atomicity of the problem description. The problem 

description part of the case is theoretically compounded not only by a given 

gene, polymorphism, and alleles (genotype, haplotype) but also by some factor 

(in our case by drug), and analysis purpose. The purpose can be, for example, 

disease (effect) and dosing (effect type) or toxicity (effect type). If we know 

how the interpretation/recommendation is bonded with this combination, we 

can transfer the factor and purpose as part of a problem description. 

� The second one is the ”solutions” part. In our cases, this solution is given by 

empiric research that is verified by a study and published as an article. Therefore, 

it is crucial to link these articles with knowledge. However, as we mentioned, 

this is already standard for the existing knowledge databases, so it is also natural 

for our system. The described difference is more important because we have a 

limited number of solutions to the problem. We have a final number of genes 
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and polymorphisms that we define for genetic analysis and a finite combination 

of this genetic setup with the factors and purposes of the analysis. Moreover, 

the number of appropriate clinical knowledge (interpretation, recommendation), 

which we can link with the problem description, is the next limiting factor for 

the case number. Therefore, we can create a basic pool of a final number of 

cases in the system knowledge base in advance. Of course, this knowledge base 

can be extended based on the new knowledge from knowledge databases or by 

other knowledge defined based on the system (more in the next item). We 

should mention the difference between interpretation and recommendation. In 

our perspective, the interpretation (you can also find it as clinical annotation) is 

assigned to each result of the genetic analysis. However, the patient probably 

takes just a few drugs, and the relevant interpretations pool is most likely 

significantly smaller (but still quite extensive). A recommendation is based on 

guidelines from an expert group (e.g. CPIC). The recommendation is usually 

based on information about drug metabolization speed, which is linked to the 

dosage adjustment. It is a more aggregated form of knowledge that is more 

practical for clinical intentions. 

� In standard CBR, cases in the case base and the new input case are compared 

based on some defined similarity. It means that the selected case, from the case 

base, can be only partially matched with the new case. However, we are in a 

different situation because we cannot rely on the similarity of genetic 

information. Therefore, we need to find an absolute matching of genetic 

information and ideally even of the factor and analysis purpose. So, we use the 

simple 0 or 1 similarity for each part of the problem description. However, we 

can set up the system so that if there are known interpretations or 

recommendations for a given factor or purpose, the system can provide the 

knowledge based on the genetic information for another factor or purpose. 

Moreover, if we have some structure (e.g. ontology) that can determine the 

similarity of categorical terms, we can use it for the comparison between the 

cases (e.g. dosing of the drug is close to metabolization of the drug - depending 

on our knowledge to revise the solution). The solution revision step is open in 

our case because many issues must be solved. The next important point is the 

request to extend the approach for other parameters. The problem description 

can be extended by several other parameters such as gender, age, anamnesis, 

laboratory result, etc. For this case arrangement, we can define various 

similarities for continuous and categorical variables. Of course, it is necessary 

to update also the solution part in relevance to the problem extension. 

 

Figure 1. The PGC case arrangement. 

Several basic parts of the PGC's record representation are depicted in Figure 2. 

First, there is necessary to define the scope of the genetic analysis and thus the considered 

purposes of the analysis. Then, the defined analysis purpose should be linked with the 

interpretations that there are available. This combination creates the case base. After that, 
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the new case is imported into the PGC, the proper test definition in the case problem part 

is found, and the appropriate case is distributed to the user. It is necessary to mention the 

security issue. The idea is that the records in the system are connected only with the 

anonymous patient identificatory. The identificatory is same as the identificatory of 

patient in the clinical system of physician who request the analysis. Moreover, the patient 

record (representation of the analysis result and linking to the knowledge base) is 

encrypted with symmetric encryption. 

 

 

Figure 2. The Personal Genetics Card (PGC) modules organization 

Thus, the workflow for the creation of a new record in the PGC from the genetic 

analysis is following: 

1. Based on known information, the knowledge base of the PGC is built 

up/updated for given purposes. 

2. The structure of cases in the knowledge base and the transformed analysis 

result are given by laboratory (item) representation (it is also a terminology 

service). 

3. There is a request for analysis from a physician during a medical examination 

(e.g. drug administration). 

4. The genetic analysis is performed by the laboratory worker, and the results of 

the analysis (in requested form) are uploaded to the PGC system for the 

specified patient and type of test (defines polymorphisms for interpretations 

assignment). 

5. The predefined interpretations are automatically assigned to the results. The 

predefined interpretations were created by an expert or taken from the 

knowledge databases and imported into the PGC system (see 1). 

6. The user can browse interpretations and filter them by a factor (e.g. substances) 

and highlighted polymorphisms. 
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3. Conclusion 

We described our integration approach of representation and interpretation of the genetic 

analysis in the personal genetic card system. The aim is to link genetic analysis and 

clinical issues. The system allows physicians to use the interpretations and even the 

recommendations and does not sort the raw data of the analysis. We described choosing 

terminology systems appropriate for representing genetic analysis in the structured form. 

The structured representation of the analysis is completed by a structured format of the 

interpretation and recommendation. We describe our system based on CBR for selecting 

appropriate clinical knowledge for the given analysis purpose and results. In the 

described simple case, the selection is a simple task where we just want to find a matched 

solution to the analysis result. However, it will be very interesting when we can add the 

new observation from the real measurement and find the confirmation or irregularity in 

the case base. So, the PGC system approach can bring a new perspective to the personal 

genetic analysis results and applications of their clinical knowledge. 
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Abstract. Mapping clinical attributes from hospital information systems to 

standardized terminologies may allow their scientific reuse for multicenter studies. 

The Unified Medical Language System (UMLS) defines synonyms in different 

terminologies, which could be valuable for achieving semantic interoperability 

between different sites. Here we aim to explore the potential relevance of UMLS 

concepts and associated semantic relations for widely used clinical terminologies in 

a German university hospital. To semi-automatically examine a sample of the 200 

most frequent codes from Erlangen University Hospital for three relevant 

terminologies, we implemented a script that queries their UMLS representation and 

associated mappings via a programming interface. We found that 94% of frequent 

diagnostic codes were available in UMLS, and that most of these codes could be 

mapped to other terminologies such as SNOMED CT. We observed that all 

examined laboratory codes were represented in UMLS, and that various translations 

to other languages were available for these concepts. The classification that is most 

widely used in German hospital for documenting clinical procedures was not 

originally represented in UMLS, but external mappings to SNOMED CT allowed 

identifying UMLS entries for 90.5% of frequent codes. Future research could extend 

this investigation to other code sets and terminologies, or study the potential utility 

of available mappings for specific applications. 

Keywords. Unified Medical Language System, Semantic Interoperability, 

Application Programming Interface. 

Introduction 

The introduction of electronic health records intent to improve the health care of 

individuals, and for researchers increases the possibilities to gain more knowledge about 

diseases and treatments. It has been proposed that realizing this potential requires that a 

critical mass of health care providers adopt the collection of patient data in a digital 

format, as well as interoperability between the involved systems [1]. 

Semantic interoperability between different systems can be achieved through the use 

of standard terminologies. If an international study attempted to accumulate clinical 
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records from participating sites for an aggregate analysis, the uniform use of a 

standardized terminology would allow a consistent scientific reuse by simply pooling 

contributed datasets. If no homogenous semantic reference is available, on the other hand, 

a mapping between the attributes of the participating sites would have to be set up 

manually, which can be laborious.  

The four consortia of the German Medical Informatics Initiative are currently in the 

process of establishing data integration centers at university hospitals, which aim to 

support medical research by collecting and harmonizing patient records from routine care 

information systems [2]. These organizations manage data reutilization with specific 

provisions that consider the privacy rights of the involved patients, and ideally reuse 

clinical data for multiple studies, so expanding the semantic integration of frequent 

attributes would be particularly valuable. 

The Unified Medical Language System (UMLS), developed by the U.S. National 

Library of Medicine, was chosen for this work because of its more than 3.25 million 

concepts (as of 2016) from over 220 source vocabularies (as of 2021), making it one of 

the richest thesauri in biomedicine [3,4]. UMLS is regularly updated and extended. It 

allows users to access terminology data via an application programming interface (API), 

which enables automated fields of application [5,6]. 

The goal of this study is to explore the potential relevance of UMLS concepts and 

associated semantic relations for frequently used clinical attributes in a German 

university hospital by semi-automatically analyzing their representation in UMLS. 

1. Method 

To analyze the availability of relevant clinical attributes in the UMLS metathesaurus, we 

automatically queried the provided API with lists of the most frequently documented 

codes for three commonly used clinical terminologies.  

We focused on “The International Statistical Classification Of Diseases And Related 

Health Problems, 10th revision, German Modification” (ICD-10-GM), “Logical 

Observation Identifiers Names and Codes” (LOINC) and “German procedure 

classification” (Operationen- und Prozedurenschlüssel - OPS), based on their relevance 

for routine clinical documentation and on their usage at Erlangen University Hospital 

[7]. ICD-10-GM is the statutory classification for coding diagnoses in inpatient medical 

care in Germany [8], LOINC codes are used for identifying clinical observations and 

measurements such as laboratory tests [9], while OPS codes denote diagnostic and 

therapeutic medical procedures [10]. 

As a subsample, we focused on the 200 most frequent codes from Erlangen 

University Hospital for each of the three terminologies. To automatically examine the 

UMLS representation and potential semantic mappings, we implemented a Python script 

that iterates through input codes and communicates with the UMLS API. Information 

from the API responses is first stored and then visualized according to the following 

recipe: 

1. The top 200 ICD-10-GM codes are provided as input. 

2. For each code, the concept ID in UMLS is identified. 

3. All atoms associated with this concept ID are queried and stored in a separate 

list. 

4. This output is used to count for each terminology how many of the 200 codes 

have a mapping to that specific terminology. 
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5. For visualization, the output list from step 4 is imported into Excel and 

displayed in a diagram. 

 

The same procedure is used for LOINC codes. The mapping of OPS codes required 

another step since we observed that UMLS did not originally contain any OPS codes. A 

previous research project with TrinetX, a global health research network [11,12], had 

produced and published a list of OPS to SNOMED CT mappings, which we used for an 

intermediate mapping step.  

The developed script that accesses the UMLS API is available at 

https://github.com/brsgngr/UMLSMappingsReader.  

2. Results 

The procedure described above leads to the results shown in figures 1 to 3. Figure 1 

illustrates the frequency distribution of available UMLS mappings for the 200 most 

common ICD-10-GM codes, Figure 2 shows the corresponding frequencies for the 200 

most frequent LOINC codes, and Figure 3 displays the same data for the 200 most 

frequent OPS codes. 

 

 
Figure 1. Frequency distribution of a subset of available UMLS mappings for the 200 most frequent ICD-10-

GM codes. Out of the 200 studied ICD-10-GM codes, 94.0% were found in UMLS and 65.0% had a 

SNOMED CT mapping. The terminology labels are used as defined by UMLS. 
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Figure 2. Frequency distribution of available UMLS mappings for the 200 most frequent LOINC codes. The 

terminology labels are used as defined by UMLS. 

 

 
Figure 3. Frequency distribution of a subset of available UMLS mappings for the 200 most frequent OPS 

codes after mapping the OPS codes to SNOMED CT codes. The terminology labels are used as defined by 

UMLS. 

 

The Figures can be read as follows: 65.0% of the 200 most frequent ICD-10-GM codes 

had a SNOMED CT mapping in UMLS. 

Also, it can be stated that 94% of the most frequently used 200 ICD-10-GM codes 

were found in UMLS, whereas 6.0% were not found. All LOINC codes were present in 

UMLS. For the OPS codes, 90.5% of the codes were found in UMLS after mapping the 

OPS code to SNOMED CT. The remaining OPS codes could not be identified either 

because the OPS code could not be mapped to any SNOMED CT code or UMLS does 

did not contain the corresponding SNOMED CT code. 
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Note that Figures 1 and 3 display only a subset of mappings, because only 

terminologies with frequent mappings have been included in order to improve readability. 

Figure 2 does not include any filtering. 

3. Discussion 

We observed that for all three terminologies at least 91%, and for LOINC even 100% of 

the 200 most frequent codes could be identified in UMLS. For ICD-10-GM as well as 

for OPS, many mappings were found, also to terminologies that are relevant in Germany, 

whereas LOINC codes were mostly mapped to LOINC codes in other languages (i.e. 

translations). 

Three aspects were observed when examining the most frequent ICD-10-GM codes. 

First, in UMLS, an ICD-10-GM code only exists if the corresponding ICD-10 code is 

present. This is the reason for the imperfect overlap of the ICD-10-GM codes with the 

ICD-10 codes in Figure 1. Second, it is important to note that the initial list of the 200 

most frequent ICD-10-GM codes actually included 33 5-digit codes. Since ICD-10 only 

allows 4-digit codes, the 5-digit ICD-10-GM codes could not be found in UMLS. If the 

higher-level category, i.e. the 4-digit code, is used for these 33 codes, it generates the 

result shown in Figure 1. Third, eight codes from the second run could not be found in 

UMLS, because these codes were added to ICD-10 after the last update of ICD-10 in 

UMLS. Overall, it can be stated that treating ICD-10-GM more as an independent 

terminology in UMLS could enable the integration of 5-digit codes and would thus also 

allow a more precise mapping analysis. A feasible extension of our script would thus 

automatically revert to the higher-level category of a code if it is not found. 

Examination of the 200 most frequent LOINC codes revealed that even though all 

LOINC codes were found in UMLS, a large fraction of codes was only associated with 

translated versions of these LOINC codes itself. This makes it difficult to draw 

conclusions about other terminologies. Perhaps LOINC codes could be mapped to a 

different terminology using other data sources and examined in UMLS using this other 

terminology. 

Although OPS codes were not directly represented in UMLS, some semantic 

relations to other terminologies could be found in UMLS with the help of the TriNetX 

mapping. In this way, results similar in quality to ICD-10-GM were achieved. One 

difference, however, is that in the ICD-10-GM yielded more mappings to other relevant 

terminologies. 

Through the mappings across terminologies and different concepts, the scientific use 

can be increased, further fields of knowledge can be identified, and additional 

conclusions can be made. An exemplary use could be to suggest publications or clinical 

studies appropriate to specific clinical situations based on linked codes, such as through 

Medical Subject Headings (MeSH Terms). A high rate of mappings between 

terminologies increases the potential for the different application fields. 

In the future, the Python script could be run with additional codes in order to gain 

insight into the available UMLS mappings for a different set of codes. It could be 

extended to also support other terminologies, or underpin prototypical applications that 

leverage such dynamic semantic mapping, such as the use case of suggesting relevant 

publications based on mapping clinical codes to synonymous MeSH codes. 
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Abstract. The availability of Big Data has increased significantly in many areas in 

recent years. Insights from these data sets lead to optimized processes in many 

industries, which is why understanding as well as gaining knowledge through 

analyses of these data sets is becoming increasingly relevant. In the medical field, 

especially in intensive care units, fast and appropriate treatment is crucial due to the 

usually critical condition of patients. The patient data recorded here is often very 

heterogeneous and the resulting database models are very complex, so that accessing 

and thus using this data requires technical background knowledge. We have focused 

on the development of a web application that is primarily aimed at clinical staff and 

researchers. It is an easily accessible visualization and benchmarking tool that 

provides a graphical interface for the MIMIC-III database. The anonymized datasets 

contained in MIMIC-III include general information about patients as well as 

characteristics such as vital signs and laboratory measurements. These datasets are 

of great interest because they can be used to improve digital decision support 

systems and clinical processes. Therefore, in addition to visualization, the 

application can be used by researchers to validate anomaly detection algorithms and 

by clinical staff to assess disease progression. For this purpose, patient data can be 

individualized through modifications such as increasing and decreasing vital signs 

and laboratory parameters so that disease progression can be simulated and 

subsequently analyzed according to the user's specific needs. 

Keywords. Big Data, Health Care, Simulation, Time Series, Anomaly Detection 

Introduction 

The SARS-Cov-2 pandemic has shown that hospitals can become overloaded very 

quickly. In the future, digital decision support systems will be able to relieve hospital 

staff. A major challenge is that research team members tend to be highly specialized. 

Clinical staff provide the medical expertise, while programmers and database specialists 

are technically proficient and mathematicians perform the calculations.  

This article is dedicated to this topic. The open-source software presented here is a 

visualization and benchmarking simulator for clinical data (ViBeSiC)2. It enables time-

based simulation, manipulation, and analysis of patient vital signs and laboratory data. 

                                                         
1 Corresponding Author
2 The project is available at: https://gitlab.rlp.net/m.morgen/vibesic 
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The data come from the Medical Information Mart for Intensive Care (MIMIC)-III 

database, a well-known research database in the field of critical care [1]. Such datasets 

are elementary for research, especially for training artificial intelligence algorithms. Such 

algorithms can help, for example, to support ventilation strategies [2] or to make 

predictions about possible courses of disease [3][4]. 

1. State of the Art 

Most of the applications for visualizing data in health care focus on the visual 

presentation of disease progression or the identification of specific patient cohorts [5][6]. 

Some tools require experience in programming or query languages, while others require 

knowledge of the structure and content of the MIMIC-III database e.g. PhysioBank's 

Automated Teller Machine (ATM) [7] or LightWAVE [8]. Qualified use of both 

applications requires knowledge about the databases and the data sets. In 2019 a tool that 

visualizes and extracts patient-specific time series from the MIMIC-III database was 

presented [9]. The MIMIC database also contains non-public records that users can 

access if they have been given access by the PhysioNet curators. Unlike the previously 

mentioned tools, in this application it is possible to include these records as well. There 

are no filtering options for patient selection, but the visual display is more appealing and 

simultaneous display of multiple patients is possible. The functionalities the previously 

mentioned applications are limited to visualization and extraction and do not include 

real-time simulation, modification or analysis of patient data. 

There are tools which, like our software, aim to make it easier for inexperienced 

users to use MIMIC-III database. One web-based application [10] extracts and visualizes 

data regarding to a specific patient's stay within one timeline. The selection and 

preparation of the data is clear and intuitive. The application has a risk prediction 

function for the in-hospital mortality of patients where various features such as 

respiratory rate, oxygen saturation and recorded events are analyzed. For previous 

versions of the MIMIC database, there are other tools that, in addition to visualizing 

patient data, include predictive models for patient mortality [11]. 

2. Implementation of the Simulator 

The MIMIC-III database was used for the visualization tool. This is a freely accessible 

database that contains information such as demographic data, vital signs and laboratory 

values for more than 40,000 patients treated in the ICU [1]. We added the MIMIC-III 

Waveform Database Matched Subset (Waveform) with records of physiological signals 

and vital signs [12]. We extracted a cohort of patients with matching records in MIMIC-

III and Waveform. This task was complex due to issues such as missing values, non-

matching timestamps and incorrect linkages. The database was enriched, for example, 

by the indicator of whether patients developed sepsis during their stay. For this purpose, 

we integrated research findings identified by Johnson et al. [13]. Furthermore, we added 

relevant attributes to avoid time-consuming calculations and SQL join clauses.  

A major challenge in the research sector is that the skills of team members are often 

highly specialized. Clinical staff provide the medical expertise, while programmers are 

technical specialists and mathematicians perform the background calculations. Since 

visualizations can improve the comprehensibility of Big Data and thus support the 
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evaluation of algorithms, the developed patient simulator serves as a user interface for 

the application and validation of algorithms. For demonstration, we used the patients 

demo database [12]. 

The MIMIC-III database was created as a local PostgreSQL database and extended 

with Python scripts that generate and execute SQL commands to achieve the database 

state described above. The front end of the application is a dashboard, for which 

programming languages were combined due to the various components that need to 

communicate with each other. This approach is used to provide the functionality and to 

integrate different analyses (R, SQL, Python, Matlab), as well as to customize the layout 

(HTML, CSS) whose approaches are more extensive to configure or faster to execute in 

another language. 

The web-based, interactive patient simulator allows time-based simulation of vital 

and laboratory data. It is a two-screen application, where the user can select, show and 

modify patient data. Within the first screen, a user chooses a cohort of patients based on 

criteria like age and diseases. This input is converted into an SQL query and applied to 

the database to extract suitable ICU stays (Figure 1). 

 

 
Figure 1. Screen 1 – Patient overview with tab showing graph with vital values. 

 

By selecting an ID, a summary of the patient's stay appears. Key data about the 

patient and a graphical representation of the vital signs appear. The user can switch tabs 

to get an overview of the laboratory parameters as well as notes recorded during the stay. 

In the second window, the selected ICU stay is animated as a time series simulation 

(Figure 2). It shows values of the heart rate, respiratory rate and arterial blood pressure 

(y-axis) depending on the selected point in time (x-axis). Tables underneath show all 

vital signs and lab values in relation to time. Furthermore, patient parameters can be 

manipulated through predefined modifiers. The manipulation starts from the selected 

point in time and continues until the end of the time series. Modifications affect and 

visualize a copy of the MIMIC-III database to preserve the original data, but they can be 

saved as new patients. To avoid mixtures of the original with the manipulated entries, a 

prefix is added to the original IDs and the data is stored in a second database. The storage 
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function allows to recall, further edit and analyze previously configured patient cases at 

a later time. 

 

 
Figure 2. Screen 2 - Visualization of anomaly analysis of a modified patient data set. 

3. Benchmarking 

The simulation includes an anomaly detection module in addition to the visualization of 

the recorded patient values to indicate irregularities in the values in order to make the 

user aware of them. Some of the algorithms are based on statistical probabilities of low 

complexity to visualize outliers within a specific vital feature while others consider 

multiple features and work with trained networks to locate anomalies.  

Statistical concepts include uni- and multivariate analyses. The first method uses the 

interquartile range (IQR) to identify outliers. This measure of dispersion is used to 

establish the upper and lower thresholds by which we determine when a value is either 

too high or too low compared to the other values [14]. When either condition is met, the 

corresponding value is comparatively exceptionally high or low (red line in Figure 2). 

This functionality can be used in combination with the modification of datasets described 

below, allowing the creation of disease trajectories for individual test scenarios. 

Vital signs are not inherently subject to trends or seasonal variation. However, 

internal and external influences can cause regular fluctuations. External influences 

include, for example, the administration of medications that cause vital signs to respond. 

Internally, for example, the daily rhythm can have an influence. The resting pulse during 

sleep is generally lower than during waking hours. Therefore, the Moving Median 

Decomposition (GMD) approach was implemented [15]. A time series is decomposed 

into seasonal, trend, and random residual time series. The last two mentioned can be used 

to identify abnormal values. Moving average is often used to extract trends. Combining 

these analyses, which consider only one parameter at a time, allows for the inclusion of 

multiple characteristics. However, the disadvantage of statistical approaches is that 

single observations are made [16]. Each feature is analyzed separately and the anomaly 

can then either be an outlier of one feature or described by combining abnormal values 

of several features. The latter has the disadvantage that anomalies are not detected if only 
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one value deviates, regardless of how strong the deviation is. The Mahalanobis distance 

(MD) measures the relative distance of a data point to a centroid [17]. This is the point 

where all means form all features intersect and therefore it is considered the overall mean 

for the data. A data point is flagged as anomalous if it exceeds a certain quantile of the 

chi-squared distribution or, if it is identified by an adaptive process that looks for 

anomalous values in the tails of the distribution above a certain chi-squared quantile [18]. 

Machine learning approaches are also based on statistical concepts but can 

reconfigure themselves without manual effort. This means that the trained model is 

constantly being automatically adjusted. The hybrid algorithm was developed for sepsis 

prediction in MIMIC-III, but has also been applied to environmental sensors for testing 

purposes [19]. This model integrates several scientific fields by combining statistical 

methods, self-organizing maps (SOMs) [20], and linear discriminant analysis (LDAs) 

[21][22]. Dynamic Time Warping (DTW) finds the optimal alignment between two 

temporal sequences even if their speed varies using Levensthein distance. Because DTW 

does not include averaging techniques, Dynamic Time Warping Barycenter Averaging 

(DBA) was designed. The algorithm integrated here uses these two approaches [23]. The 

procedure involves the four steps Data Preparation, Statistical Transformation, DBA 

Algorithm, Classification and Validation. In addition, the probability of risk for 

positively classified patients is calculated using the conditional probability. The 

algorithm calculates the risk probability of a patient developing sepsis within a 

predefined period of time per time unit. There is no standard threshold value from which 

the risk is classified as too high, i.e., from which point a warning is necessary or useful. 

Due to this fact, in our case the user chooses this threshold value. 

4. Discussion and Outlook 

There are several applications for visualizing data from the MIMIC database, but their 

functionality is very limited. Our approach is a novel visualization tool that can easily 

extract patient time series and simulate it in real time for analysis within the simulator or 

for an external artificial intelligence (AI). It allows modification of the given data to 

artificially create anomalies and generate alerts for the user or an external AI. The current 

version of the simulator is based on the MIMIC-III database and all queries of the 

database are adapted to the structure of the MIMIC database. However, generalization is 

easily possible by adapting the queries and tables to another medical base according to 

their functionality. This application could also be used for real-time operation in 

hospitals. The use of the simulator is applicable to data sets other than medical. The 

algorithms used could detect inconsistencies ranging from simple measurement errors to 

the occurrence of complex events in sensory records. The functionality of anomaly 

detection in the time series is also extendable. Risk prediction and detection algorithms 

have been integrated into the simulator. These were validated not only on a group of 

patients but also by selecting individual patients according to the parameters of interest. 

This allowed young researchers (clinicians and computer science students) to work 

together to create different patient scenarios, analyze the data, validate the algorithm, and 

compare the results. Next step is to investigate and integrate further learning algorithms 

for anomaly detection, which can then also be executed directly in the simulator. Thus, 

the results of the different algorithms can be evaluated by the qualified user. 

M. Morgen et al. / A Visualization and Benchmarking Simulator for Clinical Data 227



5. Acknowledgement 

The results of this project were generated by funding from the BMBF under the funding 

codes 13GW0280C, 13GW0280D, and 13GW0280E and EIT Health grant 19549. These 

results are currently used in the BMEL project KI-Pilot (funding code 2820KI001) and 

the demonstrator is exhibited in the KI-Reallabor. We thank the BMEL for the 

continuation of the research especially in the area of anomaly detection and smart data 

platforms. 

References 

[1] Johnson AE, Pollard TJ, Shen L, Lehmann L-WH, Feng M, Ghassemi M, et al. MIMIC-III, a freely 

accessible critical care database. Sci Data. 2016 May 24;3:160035. 

[2] Peine A, Hallawa A, Bickenbach J, Dartmann G, Fazlic L, Schmeink A, et al. Development and validation 

of a reinforcement learning algorithm to dynamically optimize mechanical ventilation in critical care. 

NPJ Digit Med 2021 Feb 19;4(1):32. 

[3] Hossain ME, Khan A, Moni MA, Uddin S. Use of Electronic Health Data for Disease Prediction: A 

Comprehensive Literature Review. IEEE/ACM Trans Comput Biol Bioinform, 2021; 18(2):745-758. 

[4] Frazer J, Notin P, Dias M, Gomez A, Min JK, Brock K, et al. Disease variant prediction with deep 

generative models of evolutionary data. Nature 2021; 599: 91–95. 

[5] Lee J, Ribey E, Wallace JR, A web-based data visualization tool for the MIMIC-II database. BMC Med 

Inform Decis Mak 2016 Feb 4;16:15. 

[6] Harris DR, Henderson DW. i2b2t2: Unlocking visualization for clinical research. AMIA Jt Summits 

Transl Sci Proc 2016 Jul 20;2016:98-104. 

[7] MIT Laboratory for Computational Physiology, PhysioBank ATM, PhysioNet. 

https://archive.physionet.org/cgi-bin/atm/ATM. 

[8] Moody G. LightWAVE: Waveform and annotation viewing and editing in a web browser. Comput 

Cardiol (2010) 2013 Sep;40:17-20. 

[9] Festag S, Spreckelsen C. A visualisation and extraction tool for time series in the MIMIC III database. 

Stud Health Technol Inform. 2019; 267: 134–141. 

[10] Levy-Lambert D, Gong JJ, Naumann T, Pollard TJ, Guttag JV. Visualizing patient timelines in the 

intensive care unit. CoRR abs/1806.00397, 2018. 

[11] Chen R, Kumar V, Fitch N, Jagadish J, Zhang L, Dunn W, et al. explICU: A web-based visualization and 

predictive modeling toolkit for mortality in intensive care patients. Annu Int Conf IEEE Eng Med Biol 

Soc 2015;2015:6830-3.. 

[12] Moody B, Craig M, Johnson A, Kyaw T, Moody G, Saeed M, et al. The MIMIC-III Waveform 

Database Matched Subset. physionet.org, 2017. 

[13] Johnson AEW, Aboab J, Raffa JD, Pollard TJ, Deliberato RO, Cheli LA, et al. A comparative analysis 

of sepsis identification methods in an electronic database. Crit Care Med. 2018 Apr;46(4):494-499. 

[14] Tukey JW. Exploratory data analysis, Addison-Wesley, 1977. 

[15] Giovanis E. Moving Median with Trend and Seasonality. SSRN Electronic Journal March 2007. 

doi:10.2139/ssrn.969012, 2007. 

[16] Kang H. The prevention and handling of the missing data, Korean J Anesthesiol. 64(5):402-6, 2013. 

[17] Mahalanobis C. On the generalized distance in statistics. Proceedings of the National Institute of 

Sciences (Calcutta) 1936, 49–55. 

[18] Filzmoser P, Garrett RG, Reimann C. Multivariate outlier detection in exploration geochemistry. 

Comput. Geosci. 2005, 579–587. 

[19] Fazlic L, Hallawa A, Schmeink A, Lipp R, Martin L, Peine A, et al. A Novel Hybrid Methodology for 

Anomaly Detection in Time Series. Int. Journal of Computational Intelligence Systems 2022; 15, 50. 

[20] Kohonen T. The self-organizing map, Proceedings of the IEEE, 1990, 1464–1480. 

[21] Fisher RA. The use of multiple measurements in taxonomic problems. Annals of Eugenics 1936; 7(7): 

179–188. 

[22] Rao CR. The utilization of multiple measurements in problems of biological classification, Journal of 

the Royal Statistical Society - Series B 10(2), 1948, 159–203. 

[23] Fazlic LB, Hallawa A, Dziubany M, Morgen M, Schneider J, Schacht M, et al. A machine learning 

approach for the classification of disease risks in time series. 9th Mediterranean Conference on 

Embedded Computing, MECO 2020, Budva, Montenegro, June 8-11, 2020, IEEE, 2020, pp. 1–5. 

M. Morgen et al. / A Visualization and Benchmarking Simulator for Clinical Data228



Structuring Research Directions in Medical 

Domain with Topic Modeling: Application 

for PhD Theses Synopses in Dentistry 

Igor BABIKOVa1, Sergey KOVALCHUKa, Ivan SOLDATOVb, Gennady GREBNEVb 
a

 ITMO University, Saint Petersburg, Russia 
b

 Kirov Military Medical Academy, Saint Petersburg, Russia 

Abstract. The study analyzed scientific texts based on a manually created database 

of synopses of theses in dentistry. The main goal was to structure medical texts into 

various topics by means of natural language processing techniques (topic modeling). 

Furthermore, a dynamic topic modeling showed the most popular in the field of 

dentistry over almost the last thirty years. 
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Introduction 

Lately many scientific spheres have started to use artificial intelligence and machine 

learning extensively including health care and dentistry. When machine learning 

practitioners work with texts, it is mostly about unstructured data. 

As part of a larger ongoing study of structuring textual data, this research paper 

presents an idea of systemizing knowledge from unstructured medical texts by finding 

specialized topics in a carefully created corpus of dentistry synopses of theses. 

1. Dataset Description 

The dataset is a collection of 5779 Russian synopses of theses in the scientific specialty 

of dentistry from 1993 to 2020. Each one comprises the objectives and the conclusion 

for an actual thesis and the average text length is 209 words. It worth mentioning that 

each text has the corresponding dentistry specialty code either 14.01.14 (14.00.21) 

according to Higher Attestation Commission. 

The distribution of the total number of theses synopses over the years is presented 

in Figure 1. We may conclude there was a rapid decline between 2014 and 2015 in terms 

a total number of theses defences due to the changes in Higher Attestation Commission. 
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Figure 1. Distribution of documents across the years. 

2. Understanding Dentistry Texts with Topic Modeling 

2.1. Common Topic Modeling Techniques Application 

The main task was to structure dentistry texts, especially distinguish different nosological 

forms and matching them with the mentioned Higher Attestation Commission “Dentistry” 

research area items. In the study, we tried various topic modeling options: 

� Top2Vec [1] 

� LDA [2] 

� BERTopic [3] 

� ARTM [4] 

We tested each model against 6, 10 and 13 topics. These numbers were set via trial- 

and-error method. The number 6 was selected, since there are six available items in the 

“Dentistry” research area. We also opted for 10 and 13, since we had a hypothesis that 

there could be more meaning separation for nosological forms within the dataset. From 

the expert point of view, the most interpretable model was ARTM with six topics, which 

the results are provided in Table 1. The keywords in each topic in the table are highlighted 

in bold.Second paragraph. 

Topic 1 describes the issues of prevention of major dental diseases, high prevalence 

and intensity rate of tooth caries among children in particular as well as quality healthcare 

delivery to them. 

Topic 2 addresses the general problems of maxillofacial surgery and dental 

implantation in various medical cases in particular. 

Topic 3 illustrates the issues of dental orthopedics, dental prosthetic rehabilitation 

with arch deficiency. 
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The terms selection in topic 4 matches the problems of preventive therapeutic dental 

care dedicated to etiology, pathogenesis, epidemiology, preventive methods, diagnostics 

and treatment of periodontium diseases. 

Topic 5 relates to the general problems of maxillofacial surgery and specifically jaw 

fractures in different cases. 

Topic 6 as well as topic 4 also targets the issues of preventive therapeutic dental care. 

However, topic 6 particularly focuses on the chronic generalized periodontitis, its 

features, the development and course of the disease and its complications among distinct 

categories of population. 

Table 1 The topics produced by ARTM 

№ Topic Terms Topic Name 
 
 

1 

Стоматологический (dental), ребенок (child), кариес (tooth 
caries), помощь (help), распространенность (prevalence), 

зуб (tooth), пациент (patient), уровень (level), лечение 
(treatment), 

заболевание (disease), группа (group), рот (mouth), высокий 
(high), показатель (index), качество (quality), население 

(population), 
интенсивность (intensity) 

 
Стоматологическая 

помощь детям (Child 
disease prevention) 

 
2 

Костный (skeletal), имплант (implant), дефект (deficiency), 
челюсть (jaw), материал (material), метод (method), 
лечение (treatment), разработать (develop), пациент 
(patient), дефект 

(deficiency), исследование (research), результат (outcome) 

 
Имплантация зубов 
(Dental 
implantation) 

 

3 

Протез (denture), жевательный (masticatory), конструкция 
(structure), зубной (dental), дефект (deficiency), пациент 

(patient), лечение (treatment), группа (group), мышца (muscle), 
нижний (lower), ткань (tissue), показатель (index), 

функциональный 
(functional), материал (material) 

 
Зубопротезирование 

(Dentofacial 
orthopedics) 

 

4 

Пародонт (periodontium),ткань (tissue), воспалительный 
(inflammatory), хронический (chronic), лечение (treatment), 

зуб (tooth), применение (application), терапия (therapy), группа 
(group), слизистый (mucosal), оболочка (capping), хронический 

(chronic), пациент (patient) 

 
Лечение заболеваний 

пародонта 
(Periodontium diseases 

treatment) 

 
5 

Челюсть (jaw), нижний (lower), перелом (fracture), угол 
(corner), положение (location), верхний (upper), костный 
(skeletal), группа (group), метод (method), лицо (face), канал 
(channel), ряд (arch), случай (occasion), окклюзия (occlusion) 

 
Переломы 

челюстей (Jaw 
fractures) 

 

6 

Хронический (chronic), пародонтит (periodontitis), степень 
(extent), воспалительный (inflammatory), пациент (patient), 

заболевание (disease), ткань (tissue), уровень (level), активность 
(activity), изменение (change), тяжесть (severity), группа (group), 

                                            процесс (process) 

Лечение хронического 
генерализованного 

пародонтита (Chronic 
generalized 

periodontitis) 
 

As with any topic modeling technique, there are general words within each topic, 

such as “treatment”, “patient”, “index” or “disease”, which cannot help provide a 

determined topic description. 

The experiments with 10 and 13 topics gave similar results, though this higher 

number of topics could be generalized into six topics presented in Table 1. 

Top2Vec and BERTopic are one of the state-of-the-art topic models, though they 

showed virtually similar results. We believe that the modern approaches such as 
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Top2Vec or BERTopic do not work with this scarce amount of data. Furthermore, these 

models take considerably longer time to train. 

LDA did not perform well either producing uninformative topics. 

2.2. Topic Visualization 

In order to visually understand how research directions interconnect or differ we applied 

a dimensionality reduction technique with the UMAP [5] algorithm.  

We considered the probability topics of ARTM as our features for each text 

document and reduced the dimensionality from the initial number of topics down to two. 

Figure 2 represents the UMAP 2D projection of the best ARTM instance with six topics 

(refer to Table 1 for the topic numbers). 

 

 
Figure 2. UMAP projection of the ARTM topics. 

 

Considering Figure 2, there are several points that we could highlight. Firstly, in our 

dataset of dental theses synopses the topic of child dental health does not intersect with 

the works about periodontium diseases. Secondly, the theses which focused on maxillo- 

facial area injuries only partially or implicitly were linked to the topics of teeth 

implantation or dentofacial orthopedics. As a general fact, the topic “Chronic generalized 

periodontitis” (Table 1) is a sub-topic of treatments of various periodontium diseases. 

This is also shown in Figure 2. 

2.3. Dynamic Topic Modeling 

During the research, we also analyzed the chronological dynamic of the most popular 

topics within the dataset (Figure 3). For visualization purposes, Figure 4 shows the 

maximal topics for each year (refer to Table 1 for the topic numbers). We could see that 
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before 2010 the dominant topics for the dentistry theses were “Dental implantation”, 

“Periodontium diseases treatment” and “Chronic generalized periodontitis”. 

 

 

Figure 3. Chronological Dynamic of the most popular ARTM topics. 
 

Figure 4. Maximal topics in the theses across the years. 

 

Another important observation could be that before 2010 the research area “Jaw 

fractures” was underrepresented but since 2014 it has been receiving more popularity in 

scientific community. These results could propose that the changes in Higher Attestation 

Commission scientific specialties classification in 2020 had this area moved into a new 

specialty 3.1.2 “Maxillofacial Surgery” in 2022. 

3. Discussion and Future Works 

The results of the study infer a number of discussion items regarding data science and 

machine learning, scientometrics as well as dentistry research topics structuring. 

In spite of the fact that the study focused only on a narrow medical domain, dentistry 

in particular, the machine learning techniques for textual data analysis used showed 

promising results. We managed to produce appropriate topics, which the subject matter 
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expert could interpret and match them with the corresponding dental scientific specialties 

classification. There are not many machine learning production-ready solutions for this 

and other medical domains. One can consider the accomplished analysis as a perspective 

future data science tool for processing different existing medical domain text corpora; 

including such common natural language processing tasks as topic modeling and 

evaluating interconnections of produced topics or assessing topic popularity throughout 

a given period. We believe that the methodology and practical applications of the 

techniques used in the study are not limited to the dentistry domain and can be applied 

to obtaining a dynamic structure of knowledge from textual data in various areas. As a 

result, our pipeline provides research and educational personnel with a tool for searching 

scientific knowledge in selected medical areas and correctly categorize between similar 

scientific research directions. 

In the view of scientometrics, it is important to determine main research areas in a 

certain scientific domain. It is also significant to predict which research area is going to 

be dominant in the upcoming decades. Within this paper, we managed to discover certain 

structure and features of the dynamic in the scientific studies of the dentistry domain by 

means of the machine learning techniques. 

A significant validation fact of our study is reflecting the upcoming changes in the 

dentistry specialty code from 14.01.14 to 14.00.21 by embedding a new specialty 

“Maxillofacial Surgery” and expanding knowledge domain according to the new 

specialties classification introduced by Higher Attestation Commission responsible for 

thesis defense in Russian Federation. 

4. Conclusion 

In the study, we carried out the analysis of Russian dentistry synopses of theses with 

topic modeling. One of the models, ARTM, gave us the most interpretable topics that we 

could treat as various nosological units. In addition, we performed a dynamic topic 

modeling to observe which topics were the most popular throughout the last thirty years 

in the scientific area of dentistry and predict which areas will likely be prevalent in the 

years to come. 

As part of further research, we aim to perform a more detailed analysis of various 

models’ outputs (resulting topics and their probabilities for documents) as well as topic 

interpretation. Furthermore, as of machine learning, we plan to build a pipeline that could 

automatically classify scientific knowledge of a given subject. 
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Abstract. The spread of a new coronavirus infection in the last two years together 

with HIV infection preserves and even increases the potential for the spread of 

tuberculosis in the world. Sverdlovsk oblast (SO) of Russian Federation is the region 

with high levels of HIV and tuberculosis (TB). The search for new methods of 

forecasting of the future epidemic situation for tuberculosis has become particularly 

relevant. The aim was to develop an effective method for predicting the epidemic 

situation of tuberculosis using an artificial intelligence (AI) method in the format of 

a dynamic simulation model based on AI technologies. Statistical data was loaded 

from the state statistical reporting on TB patients for the period 2007-2017. The 

parameters were controlled through a system of inequalities. The proposed SDM 

made it possible to identify and reliably calculate trends of TB epidemiological 

indicators. Comparison of the predicted values made in 2017 with the actual values 

of 2018-2021 revealed a reliable coincidence of the trend of movement of TB 

epidemiological indicators in the region, the maximum deviation was no more than 

14.82%. The forecast results obtained with SDM are quite suitable for practical use. 

Especially, in operational resource planning of measures to counteract the spread of 

tuberculosis at the regional level. 

Keywords. Machine learning, epidemiology of tuberculosis, dynamic simulation 

model 

Introduction 

Over the past few years, there has been a tendency in the world to reduce the incidence 

of tuberculosis by about 2% per year. The fastest decline at the regional level was 

observed in the WHO European Region (5% per year), as well as in the Russian 

Federation (5% per year) [1]. For a long time, the Russian Federation was on the list of 

22 two countries with the greatest burden of tuberculosis, but thanks to systematic efforts 

to counteract the spread of the infection [1,2,3,4,5,7], it was possible to achieve a 

significant reduction in the morbidity and mortality of the country's population from 

tuberculosis and to be excluded from this list. However, Russia remains among the 
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countries with the highest prevalence of MDR and XDR Mycobacterium tuberculosis, 

as well as tuberculosis in combination with HIV [8]. 

According to WHO, the spread of a new coronavirus infection and HIV infection 

preserves and even increases the potential for the spread of tuberculosis in the world [4]. 

The Sverdlovsk Region is a region with high levels of HIV and tuberculosis (TB), one 

of the leaders in the number of patients with HIV+TB co-infection, and the general 

epidemiological trends indicated above are also evident in this region [9,10]. The need 

to combat the new coronavirus infection has caused the redistribution of already limited 

health resources. Therefore, in the new epidemiological conditions, there are required 

detailed planning and calculation of resource requirements for countering the spread of 

tuberculosis [11,12].  In this connection, a search for new methods of analyzing the 

current and predicting the characteristics of the future epidemic situation for tuberculosis 

becomes particularly relevant. 

The aim of this study is to develop an effective method to predict the tuberculosis 

epidemic situation by using of the AI method on the example of the Sverdlovsk region. 

1. Material and Methods 

The mathematical models of the spread of tuberculosis have more than half a century of 

history. In the early 60s of the twentieth century, Hans Waaler [13] and his collaborators 

proposed using of a mathematical model based on difference equations to analyze the 

epidemiological situation. In the subsequent years, mathematical modeling was actively 

used in the works of S. Brogger, K. Stiblo, E. Vinniki and P. Fine and a number of other 

authors [14,15,16]. A detailed review of these models and a proposal of their own are 

contained in the work of K. K. Avilov and A. A. Romaniukha [17]. 

In 2017, the authors of this article began to work on modeling of the tuberculosis 

epidemiological situation in the Sverdlovsk region. A comprehensive assessment of the 

epidemiological situation for the period 2012-2017 was carried out in the real socio-

economic conditions of a large industrial region in appliance with the recommended 

methods [18, 19]. According to the results of the assessment, it was found that there are 

multidirectional trends in the main epidemiological indicators of tuberculosis in the 

subject. As the in-depth analysis of variance has shown, despite the high level of 

variation of indicators in the context of the municipalities, a unified epidemic process 

formed in the Sverdlovsk region, which makes it possible to identify typical situations 

and their corresponding organizational, managerial and planning measures. 

The task was to give a forecast of the development of the tuberculosis epidemic 

situation in the near future and until 2030 in the whole region and for each of the districts, 

provided that the prevailing trends continue. It was decided to use a single mathematical 

model to assess the situation in the context of each municipality and the region as a whole, 

in total. This approach is due to the fact that the socio-economic and climatic conditions 

of the individual areas differ significantly, so the development of the epidemic situation 

can be described by the different features. 

At the initial stages of the study, K. Stiblo's epidemiological model modified by the 

authors, including a system of the difference equations by G. Vaaler, was used, taking 

into account the limitations and recommendations of Avilov K.K., Romaniukha A.A. [15, 

17]. The study was conducted on the material of the Sverdlovsk region, a region with a 

population of more than 4.5 ml with a high prevalence of tuberculosis and HIV. 

Information from more than 45,000 medical records of patients was used. 

I.A. Cherniaev et al. / Forecasting Trends in the Tuberculosis Epidemic Situation236



The model is based on statistical data obtained from the official forms of state 

statistical reporting: Form # 8 "Information on active tuberculosis diseases" and Form # 

33 "Information on tuberculosis patients", forms 089-u/tub, data from the Federal 

Register of Tuberculosis Patients, registers of tuberculosis patients of health care 

facilities of the Sverdlovsk region, received for the period 2007-2017. [20,21,22,23]. 

Based on the information obtained using Excel, complex analytical tables of absolute 

values and epidemiological coefficients for variables were compiled in the context of 63 

municipalities of the Sverdlovsk region and the region as a whole. Additional 

controllable parameters are provided to improve the accuracy of the model. When 

working with the model, the parameters were controlled by setting the absolute rates of 

their growth, from the previous year to the next. This approach is legitimate, since the 

formation of the rate of change of parameters is of a long-term nature and is formed by 

a set of measures carried out over many years. The use of the Greek-Latin alphabet was 

minimized, mnemonically understandable abbreviations based on Cyrillic alphabet were 

used to designate variables. The main and additional controlled parameters of the model 

are listed in Table 1. They are conditionally constant values for each municipal district 

and have a weak influence on trends in general. In the mathematical record, they are 

combined as a single variable other changes (at). 

Table 1. Model parameters 

Main and additional controlled model parameters Additional managed model parameters 
The main controlled parameters of the model Relapses 
The percentage of cure (transferred to clinical cured) got sick in contacted with MBT+ TB cases 
The percentage of MBT + in active TB got sick in contacted with MBT- TB cases 
The coefficient of contact with MBT + Mortality from other causes 
Percentage of newly identified (new cases) MBT+ in contact  
Percentage of in/in MBT- in contact  
Percentage of mortality   

 

Description of designations of quantitative and qualitative variables of the model are 

presented in Table 2. 

Table 2. Designations of quantitative and qualitative variables of the model 

Quantitative variables Qualitative variables 
Sign Description Sign Description 
T an index of a time period pv(t) percentage of cured in period t 

T a number of periods under consideration pbcp(t) percentage of MBT+ in period t 

A(t) a number of active TB cases in a period t kkbkp(t) a coefficient of contact with MBT+ in period t 

B(t) a number of cured TB cases in a period t pvvbkp(t) percentage of newly identified MBT+ in period t 

BCP(t) a number of MBT+TB cases  in a period t  percentage of newly identified MBT- in period t 

BCM(t) a number of MBT-TB cases TB in a period t pu(t) percentage of deaths from tuberculosis in period t 

KBKP(t) a number of сontacts with MBT+TB in a period t pvvbkm(t) percentage of other changes in a period t 

VVBKP(t) a number of newly Identified MBT+ in a period t   

VVBCM(t) a number of newly Identified MBTs- in a period t   

UT(t) a number of deaths from tuberculosis in a period t   

At(t) other Changes in a period t   

 

The epidemiological process is described by the following system of equations, 

determining the number of the active TB cases: 

A(t+1) = A(t)-B(t)-UT(t)+BBBCP(t)+VVBKM(t)+PI(t) t=0,..,T   (1) 
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Calculation of quantitative variables of the current period: 

B(t) = pv(t)*A(t)/100 t=0,..,T       (2) 

BCP(t) = pbcp(t)*A(t)/100 t=0,..,T      (3) 

BCM(t) = A(t)- BCP(t) t=0,..,T                   (4) 

BCP(t) = BCP(t)*BCP(t) t=0,..,T      (5) 

VVBKP(t) = pvvbkp(t)*KBKP(t)/100 t=0,..,T    (6) 

VVBKM(t) = pvvbkm(t)*KBKP(t)/100 t=0,..,T    (7) 

UT(t) = pu(t)*A(t)/100 t=0,..,T                   (8) 

PI(t) = ppi(t)*A(t)/100 t=0,..,T      (9) 

Thus, 7 qualitative indicators were used in the model and the increase or not in the 

number of patients with active tuberculosis in the next period in comparison with the 

previous one depends on their values. To assess the situation as a whole, it is advisable 

to have a single indicator that evaluates the qualitative characteristics in the aggregate, 

which we call the Coefficient of General Dynamics or abbreviated COD. This indicator 

should have the following properties, if it is strictly less than 1, then the number of active 

decreases, if strictly more, then increases. The value of this indicator is calculated within 

our model by the equation: 

COD = 1-pv/100+pbkp*kkbkp(pvvbkp+pvvbkm)/10000-pu/100+ppi/100  (10) 

From this Ex. (10) it follows how each of the qualitative parameters affects the 

development of the epidemiological situation. In addition, it is possible to calculate what 

the value of each of them should be when fixing the others so that the COD is less than 

one. For example, the Minimum Percentage of Cure (MPV) in this case will be calculated 

as follows: 

MPV = pbkp*kkbkp*(pvvbkp+pvvbkm)/100-pu+ppi    (11) 

The code and the MPV in this form rather simplistically describe the development 

of the situation, but are meaningfully interpreted and are quite suitable for approximate 

calculations. Based on the available data, 16 parameters of the development of the 

epidemic situation for tuberculosis until 2030, including the COD and the MPV, were 

calculated for all districts of the region and the region as a whole. In 2022, the authors 

had the opportunity to compare the calculated values of the model (forecast) with the 

actual ones for 2018-2021, registered by means of state statistical observation 

[20,21,22,23], which was done to verify the relevance of the model. The model was 

verified by comparing the calculated values with the actual values obtained in the period 

2018-2021. To determine the statistical reliability of the differences, the Student's 

coefficient t was calculated [24]. The accuracy of the forecast can influence the quality 

of the decisions made [25]. The level of reliability of the model for each forecast period 

is verified by calculating the indicator of the clarity of the ratio of actual values with 

predicted values, the indicators of forecast accuracy are calculated. The average absolute 

percentage error ("Mean Absolute Percentage Error"- MAPE) is calculated using the 

equation (12) [26]. 
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      (12) 

The reliability of the forecast is estimated through the coefficient of symmetric mean 

absolute percentage error ("Symmetric MAPE" – SMAPE) according to the Ex. (13) 

proposed by Makridakis, S. and Hibon, M. 1979 [27] taking into account the possibilities 

and limitations of the method [28]: 

      (13) 

The estimation of the root mean square deviation (RMSD) is applied according to 

the Ex. (14) [29]: 

     (14) 

2. Results 

The results of the model analysis are shown in Table 3. The method of graphical analysis 

is applied to compare the predicted trend with the actually registered values in the period 

2018-2021. 

Table 3 Comparison of the calculated values (forecast) of the model with the actual (fact) 

Name 2019 
Forecast 

Fact/Fore-
cast, % 

2020 
Forecast 

Fact/Fore-
cast, % 

2021 
Forecast 

Fact/Fore-
cast, % 

Number of Active TB cases 77146 4,84 6931 -11,51 6770 -20,92 
Percentage of cured, % 227,54 -5,56 27,21 45,87 26,93 29,56 
Transferred to clinical cured group 11968 -0,97 1886 29,06 1823 2,47 
Percentage of MBT + in active TB, % 336,82 14,34 36,81 17,63 36,74 18,40 
Number of Contacted with MBT+ TB 22631 19,99 2551 4,12 2487 -6,31 
Number of Contacted with MBT- TB 22,91 -25,09 2,92 1,03 2,93 16,38 
Contacted with MBT+, abs 7668 -10,05 7450 5,10 7280 9,29 
Share of  MBT - TB cases , % 63,18 -8,36 63,19 -10,27 63,26 -10,69 

Total Number of MBT - TB cases 4515 -3,99 4380 -20,62 4283 -29,40 

Number of New  MBT+TB cases 925 28,97 900 0,44 878 -3,30 

Number of New  MBT- TB cases 1418 -28,63 1390 -39,78 1371 -34,94 

Mortality in TB patients, % 5,95 -17,65 5,89 -6,62 5,88 -0,85 

Number of dead from TB 425 -13,41 408 -17,16 398 -21,61 

 

Most of the deviations are due to the fact that the actual values of characteristics 

such as the Absolute number of deaths from tuberculosis, the total number of active 

contingents, the MBT+ Contingents first identified by MBT were lower than predicted, 

which indicates both a positive trend in the epidemic situation and the effectiveness of 

anti-tuberculosis work in the region. The results of assessing the quality of the forecast 

using the method are shown in Table 4, from which it follows. 

 
Table 4. Results of the forecast quality assessment by model parameters 

Name 
 

Forecast for 
2019 

Forecast for 
2020   

Forecast for 
2021  

Overall forecast 
2019-2021 

MAPE, % 13,14 15,14 14,87 14,38 

SMAPE, % 13,54 15,24 15,68 14,82 

SD, % 16,08 17,76 20,52 18,12 
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3. Conclusion 

The proposed mathematical simulation dynamic model, based on the use of AI, made it 

possible to identify, reliably calculate and graphically display trends in the movement of 

values of the studied characteristics of the epidemic process of tuberculosis in each of 

the 63 municipalities and in the Sverdlovsk region as a whole. 

Comparison of the calculated values (forecast) of the model made in 2018 with the 

actual values of 2019-2021 revealed a reliable coincidence of the trend of movement of 

the studied parameters in the region. If we assume that the quality indicators will remain 

at the level of 2018, then in the next 20 years the epidemiological situation on 

tuberculosis in the region will develop as follows. 

The forecast results obtained with the help of a simulation model are quite suitable 

for practical use in operational resource planning for measures to counteract the spread 

of tuberculosis at the regional level. 
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Abstract. Evaluating conversational agents (CA) that are supposed to be applied in 

healthcare and ensuring their quality is essential to avoid patient harm. However, 

most researchers only study usability and use the CA in clinical trials before 

conducting such careful evaluation. In previous work, consensus on metrics for 

evaluating healthcare CA have been found. However, the metrics are still too generic 

to form an evaluation framework. In this work, we try to link the ISO technical 

specification ISO/TS 82304-2 Quality Requirements for Health and Wellness Apps 

to the set of metrics to come a step closer towards an evaluation framework. We 

identify three links between ISO requirements and the set of metrics, namely 

accessibility, usability, and security. Although the technical specification rather lists 

aspects to be considered during development instead of concrete metrics for 

studying the quality, we can link to some aspects that are also of interest for health 

CA evaluation. For example, measuring the readability for ensuring accessibility or 

implementing the Web Content Accessibility Guidelines are two aspects of 

relevance for health CA.   

Keywords. Conversational agent, chatbot, evaluation, ISO, quality 

1. Introduction 

Conversational agents (CA) become more popular outside medicine for dealing with 

customer requests, but also for delivering digital health interventions. They are for 

example applied in mental health for treating patients with posttraumatic stress disorder 

[1] or for patient education [2].  CA in healthcare differ from customer service or general 

domain CA. Similar to the physician-doctor conversation, the content of a conversation 

with a health CA has to be tailored based on the application area, use case, user’s context 

and has to address privacy [3]. CA often process personal identifiable information that 

are in healthcare settings protected. They are supposed to be used in a care setting; thus, 

patient harm has to be avoided. To become accepted as treatments, CA are studied in 
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clinical trials regarding efficacy, safety, or cost effectiveness. However, to avoid patient 

harm, frustration or negative outcomes due to low quality implementations, it is essential 

that prior to massive investment in clinical trials, a health CA is evaluated to demonstrate 

that it has an acceptable quality which includes freedom from any of a myriad of possible 

deficiencies.  

Several tools have been suggested for evaluating mobile health apps (e.g. Mobile 

App Rating Scale [4], Health-ITUES). Hensher et al. developed a mobile app evaluation 

framework comprising among other things interoperability, technical features and 

support or developer credibility [5]. However, health CA require additional criteria for 

evaluation given their focus on communication-based interaction. Evaluation approaches 

for general domain CA focused on assessing effectiveness, efficiency and usability [6]. 

To overcome the limitation of a missing evaluation framework for health CA, we 

identified in previous work metrics for evaluating healthcare CA [7]. To advance this set 

of metrics to a health CA evaluation framework, the pool of metrics has to be linked to 

the potential data sources and collection methods, to support formulation of the 

methodology for evaluation of any specific health CA.  

The objective of this work is to come one step closer to an evaluation framework for 

evaluating conversational agents in healthcare.   To achieve this objective, we will study 

the 2021 released technical specification ISO/TS 82304-2 Quality requirements for 
health and wellness apps towards its applicability to healthcare CA. The concrete focus 

is on CA that are rule-based, based on written input and output, have a simple personality 

without any kind of embodiment. They are running on a mobile device, are implemented 

as stand-alone software and the interaction time is rather short. 

2. Material and Methods 

We go through the quality requirements that are specified in the ISO technical 

specification ISO/TS 82304-2 and check, whether there are overlaps with the set of 

global metrics that has been identified in previous work (see Table 1). We are focusing 

on global metrics, since the ISO specification is considering quality of apps for health 

and well-being. It is not addressing specific technological implementation features, but 

the apps as a whole. Therefore, we are convinced, that we will not find any overlaps with 

metrics for response generation or understanding which are elements of the set of CA 

evaluation metrics [7]. For all overlaps found, we will discuss the applicability to apps 

with conversational user interface.  In the following, we briefly describe the global 

evaluation metrics and the ISO/TS 82304-2. 

2.1. Global Health CA Evaluation Metrics 

A panel of experts working in the field of healthcare CA found consensus regarding 

metrics deemed relevant for health CA evaluation [7]. This work resulted in 24 metrics 

comprising 13 global metrics, 8 metrics related to response generation, 3 metrics related 

to response understanding and 3 metrics related to aesthetics. Definitions for the global 

metrics are shown in Table 1. We can see that some of the metrics are rather technical 

(e.g. speed, flexibility in dialogue handling) while others rather focus on the interaction 

with the user (e.g. ease of use, accessibility).  
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Table 1: Global metrics with definitions (from [7]) 

Metric Definition 
Accessibility Whether all users are able to access an equivalent user experience of the CA 

Ease of use  Extent to which a person believes that using a particular CA would be effortless 

Engagement Whether a user finds value in using a CA and therefore continues using it 

Classifier 

performance  

How well the algorithm performs in classifying data 

Speed How quickly a session / task can be completed using a CA 

Technical issues Number of errors or glitches that occur while using a CA 

Task completion rate Proportion of tasks successfully completed by the CA 

Dialogue efficiency Number of dialogue steps used to complete a task 

Flexibility in dialogue 

handling 

CA’s ability to maintain a conversation and deal with users’ generic questions 

or responses that are more, less, or different than expected 

Content accuracy Proportion of responses that are consistent with clinical evidence, also includes 

correctness of triage and escalation strategies. 

Context awareness CA’s ability to utilize contextual knowledge to appropriately respond to users 

Error tolerance CA’s ability to detect and understand misspelled words in users’ replies 

Security How protected the system is against hack attacks 

2.2. Technical specification ISO/TS 82304-2 

The technical specification ISO/TS 82304-2 Health software — Part 2: Health and 
wellness apps—Quality and reliability was first published in August 2020 

(https://www.iso.org/standard/78182.html). It builds on guidelines and requirements for 

apps by many local and national health organizations around the world. Its purpose is to 

ensure that health and wellness apps are safe, reliable and effective. The guidance 

provides an internationally-agreed set of specifications to assess the apps. CEN 

ISO/TS 82304-2 was developed under CEN lead by ISO/TC 215 'Health informatics', in 

collaboration with IEC/TC 62 'Electrical equipment in medical practice', and adopted by 

CEN/TC 251 ‘Health informatics’, whose secretariat is held by NEN, the Dutch national 

standardization committee. The technical specification is intended for use by app 

manufacturers as well as app assessment organizations in order to communicate the 

quality and reliability of a health app. It groups quality aspects along 5 categories: 

product information, healthy and safe, easy to use, secure data and robust build. These 

five categories bundle a set of subcategories. For example, healthy and safe is split up 

into 5 subcategories: “health requirements”, “health risks”, “ethics”, “health benefit” and 

“societal benefit”. Easy to use comprises “accessibility” and “usability”, while secure 
data relates to “privacy” and “security”. The guideline covers the entire life cycle of an 

app. We will extract the aspects that are of interest in the phase our evaluation framework 

is expected to be used, which is before conducting a clinical trial.  

3. Linking ISO/TS 82304-2 to CA Evaluation Metrics 

Our metrics “dialogue efficiency”, “task completion rate”, “flexibility in dialogue 

handling”, “context awareness” and “classifier performance” are very specific metrics 

for CA. In contrast, “ease of use”, “engagement”, “technical issues”, “error tolerance”, 

“speed”, “security”, “accessibility” and “content accuracy” might be of relevance also 

for health apps without conversational user interface. Out of the latter set, we identified 

3 quality requirements in the ISO specification that match with metrics in our set of 

global metrics: “easy to use” with its subcategories “usability” and “accessibility” as well 
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as “security”. These quality requirements are represented by our metrics “ease of use”, 

“security” and “accessibility”. In the following, we will discuss what the ISO guideline 

suggests and what we can conclude from it for health CA.  

3.1. Accessibility 

Related to accessibility, the specification suggests to develop health apps  that are age 

appropriate and compliant with the Web Content Accessibility Guideline 2.1 (WCAG, 

https://www.w3.org/TR/WCAG21/). More specifically, compliance measures for 

perception of user interfaces and navigation, for operation and navigation, and for 

understanding of user interfaces and navigation should be implemented and a mobile 

health app should be AA or AAA compliant (medium or highest level of conformance). 

For example, contrast should be considered and zoom functions be available. 

Considering the WCAG within a CA is clearly of relevance. All elements of a dialogue 

with a CA must be available to a user according to their available senses (i.e. to address 

hearing and vision deficits) [8]. This makes it necessary to provide different input and 

output modalities. The ISO specification also asks for a readability assessment. This 

would be of particular interest for a health CA since the interaction is basically realized 

as conversation (written or spoken).  The sentences should not be too long and have to 

be easy understandable. A number of scales and innovative machine learning approaches 

could also be used for assessing readability level of the CA in order to match the reading 

level to the level of expected users [9]. The WCAG provides additional aspects of 

relevance, for example the success criteria 1.3.2 “meaningful sequence” is particularly 

interesting. In case of a CA this concerns the ordering of a conversation. Beyond, its 

history should be accessible to the user [8]. There are a number of health literacy and e-

health literacy surveys and questionnaires that can be used to assess the literacy level of 

the CA (and their users) and adjust the wording based on the results of applying those 

instruments [10,11]. 

3.2. Usability 

The eight usability requirements listed in the ISO specification provide guidelines how 

to ensure usability of health apps. Development should start with a requirement analysis 

involving future users and should continue involving users throughout the entire 

development. A user-centered evaluation should be conducted to refine the app design. 

Measures should be in place to avoid use error. Furthermore, information should be 

provided to the user on the health app (e.g. functionality, intended use), together with 

instructions for use. Delivering resources for helping users who experience problems 

with the app are recommended. Finally, usability should be systematically gathered 

throughout the entire lifetime of the app. Providing information on the purpose or 

functionality of a health CA and instructions to use are something, a CA could do at the 

very beginning of the conversation when introducing itself, its purpose and what the user 

can expect from it. From our experiences, this could be very helpful for users since 

otherwise, they don’t know what they can ask or write. Providing help in using the agent 

would require that the user can ask for help at any stage of the conversation and the CA 

goes back to the initial context after providing help. If such help function is realized this 

would be one of the benefits of a CA (compared to a normal user interface and even 

human-human conversation): the CA has no time pressure, can reply to all questions, but 
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should be able at some point to return to the original topic. These aspects clearly have to 

be considered already in the design phase of a CA and can be checked as part of the 

usability testing. No concrete metrics or measurement tools are suggested in the ISO 

specification for studying usability. Related to usability, a study found out that a broad 

range of tools is used for studying usability in health CA (e.g. System Usability Scale, 

User Experience Questionnaire), but also individual questionnaires are exploited [12]. 

Due to the differences in the study designs and assessment tools that have been conducted 

so far, it is impossible to compare usability among health CA. It was recommended to 

develop a standardized procedure that can be always applied and which can be enriched 

by assessments needed for evaluating usability of specific features of a particular health 

CA. This would make usability test results better understandable and comparable. 

Nielsen’s heuristic evaluation could be applied to the CA interface [13] as well as the 

cognitive walkthrough [14]. There are now usability testing standards that could be 

applied to guide analyses of user interactions with CA [15].  

3.3. Security 

The security requirements of the ISO specification consist of 11 components. They ask 

for proof of implementation of ISO/IEC 27001 or another recognized standard related to 

information security management. Information security risks and potential consequences 

should be assessed. Beyond, a secure by design process is encouraged (e.g. ensuring 

correct usage of biometric sensors, secure data integration). Measures should be in place 

to ensure that all third-party software libraries are reliable and maintained. Unauthorized 

access and modification to the source code should be prevented. An information security 

policy has to be available; security of the app has to be regularly tested; a process of 

dealing with security vulnerabilities should be in place, as well as data encryption, user 

authentication, authorization and session management; finally, standard operating 

procedures have to be in place for processing personal identifiable information according 

to the privacy statement. 

In principle, these 11 items can be used as checklist when developing health CA. It was 

already found that data security and privacy are under-researched and remain most often 

unconsidered in current health CA [16]. Checking whether these 11 items from the ISO 

specification are fulfilled by a concrete health CA would clearly provide a guidance and 

ensure information security within a health CA. Consideration must be given to privacy 

and security so that data would be accessible in emergency situations by health 

professionals and family members (e.g. during a health crisis) to be able to address the 

situation appropriately. 

4. Conclusions 

In this work, we linked requirements specified in the ISO/TS 82304-2 to metrics for 

evaluating health CA. Three links could be identified for the metrics ease of use, 

accessibility and security. The limited overlap is not surprising given the technical 

peculiarities of health CA that are reflected in our set of metrics (the interaction aspect). 

Beyond, the ISO specification targets already software products which we did not had in 

mind. Our focus was on health CA to be evaluated before conducting a clinical trial. 

While a few concrete metrics (e.g. readability score) could be derived from the ISO 

guideline, it rather provides recommendations that might be of relevance during the 
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development of a health app. Some of them are clearly also useful to be considered in 

health CA development for developing high quality apps (e.g. considering WCAG or 

user involvement in the development). We will integrate the 11 items on security as a 

checklist to the health CA evaluation framework. As a next step, we link the other metrics 

to corresponding data sources and collection methods. In addition, we are exploring 

development of metrics related to assessing the level of integration of CA with other 

information systems as well as the patient’s overall healthcare system (e.g. stand-alone 

applications versus CA applications integrated with their healthcare professionals). 

Further work in developing metrics for assessing the impact of CA on health outcomes 

is also needed. 
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Abstract. Background: Usability is essential for the acceptance and success of 

vitiligo patient registry system. Poor usability could decrease system efficiency and 

effectiveness, and have a negative impact on using the system and providing 

services. This study aims to evaluate the usability of vitiligo patient registry system. 

Methods: This pilot study was conducted in 2021. In total, 17 users who were 

working in the vitiligo ward participated in the study. System usability scale (SUS) 

was used to evaluate the usability of vitiligo patient registry system. Results: In the 

usability evaluation stage, the mean score of the system usability scale was obtained 

as 77.79.Conclusion: Developing vitiligo patient registry system with high usability 

and making decisions based on the registered data could provide better 

understanding of this disease and facilitate research in this field. Application of this 

system and its acceptance by users could decrease costs and increase effectiveness 

and quality of services.  

Keywords. Registry system, Vitiligo, Usability, System Usability Scale (SUS) 

Introduction 

Vitiligo patient registry system could be used to study the natural history of disease in 

the population, identify risk factors, pathogenesis and optimal treatments and provide 

better understanding of disease progression and its impact on patients’ quality of life (1). 

Ensuring the usability of this system by its users is among the basic requirements for 

providing high quality services and meeting individuals’ needs (2). Usability is defined 

as the extent, to which a product could be used by specific users in a specific context, in 

order to achieve the specified goals effectively, efficiently and satisfactorily (3). Having 

this feature, the system could help users perform things quickly and easily. Moreover, 

usability is directly associated with clinical productivity, user fatigue, error rate as well 
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as user satisfaction (4). Poor usability of clinical information systems could affect users’ 

performance and lead to fatigue, low productivity, medical errors and threats to patient 

safety (5). Therefore, organizations that are aware of the importance of usability seek to 

design systems with high usability. SUS is the most widely used and standard scale for 

evaluating the usability of various products and services, and has advantages such as 

easy to use, low cost, providing quick feedbacks and being non-exclusive and applicable 

for all types of user interfaces in the situations where time and resources are limited (6-

8). To the best of our knowledge, no study has ever been conducted on the usability of 

vitiligo patient registry system from the perspective of its users at Razi Skin Hospital, as 

the only center that uses this system. Therefore, this study examined the usability of this 

system. The obtained results could help identify and solve usability problems of the 

mentioned system. 

1. Method 

This pilot study examined the usability of vitiligo patient registry system in the vitiligo 

ward of Razi Skin Hospital in June, 2021. A 10-item questionnaire designed by John 

Brooke was applied to measure the system usability (9). The research population 

included all users of the vitiligo patient registry system, including 7 dermatologists, 9 

nurses and 1 health information manager working in the vitiligo ward of Razi Skin 

Hospital. The usability questionnaire was provided to these users and they were asked to 

work with the system for at least 10 days under the supervision of the research team and 

fill out the questionnaire. Each item was scored from 1 (strongly disagree) to 5 (strongly 

agree). To obtain a score for odd items, one unit was deducted from the score given to 

each item. For even items, the score given to each item was deducted from the number 

of 5. The sum of these scores was multiplied by 2.5 and the final score was obtained, 

which ranged between 0 and 100. Scores higher and lower than 68 were considered as 

higher and lower than the average level, respectively (10-12). After collecting the users’ 

opinions, the mean and standard deviation of the points given to each item were 

calculated. The results were analyzed using SPSS 23.0. 

Ethical approval was received from the Shiraz University of Medical Sciences, 

(Approval number: IR.SUMS.REC.1399.1219). 

2. Results 

The participants included 7 dermatologists (41.1%), 9 nurses (52.9%) and 1 health 

information management specialist (5.8%). In total, 14 participants (82.3%) were female 

and 3 (17.6%) were male. The majority of the participants (n=9, 52.9%) aged 30-40 years 

old and 10 participants (58.8%) had 10-20 years of work experience. The vitiligo patient 

registry system obtained the score of 77.79 by the users, indicating its acceptable level 

in terms of ease of use. Most of the users (mean=4.41) believed that the system functions 

had integrity and using the system increased their confidence. The majority of the users 

(mean=4.24) tended to use the system frequently. Although the users believed that the 

system was not complicated (mean=1.59) and it was easy to use (mean= 1.35), they 

required to receive training by a technical technician to work with the system (mean= 

2.18). Table 1 presents the results of usability of vitiligo patient registry system. 
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Table 1. Descriptive statistics of each item of system usability scale (SUS) for Iranian primary vitiligo patient 

registry (IPVPR) 
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Mean 4.24 1.59 3.29 2.18 4.41 1.53 3.59 1.35 4.41 2.18 

S.D 0.75 0.71 0.47 0.88 0.61 0.51 0.71 0.49 0.61 0.88 

U
se

r 

1 3 1 3 2 4 2 3 1 4 1 75 

2 4 1 3 1 5 1 3 1 5 1 87.5 

3 3 2 3 2 5 1 3 1 4 2 75 

4 4 2 3 2 5 1 3 1 5 2 80 

5 3 1 3 3 4 1 3 2 4 3 67.5 

6 4 1 4 1 5 2 4 1 4 3 82.5 

7 5 2 3 2 5 1 3 1 5 1 85 

8 5 2 3 3 4 2 5 1 5 3 77.5 

9 4 2 3 2 4 2 4 2 4 2 72.5 

10 5 2 4 1 4 2 4 2 4 2 80 

11 5 1 4 1 4 2 4 1 5 2 87.5 

12 5 3 3 2 5 1 5 1 5 3 82.5 

13 4 1 4 2 5 1 4 1 3 2 82.5 

14 4 1 3 3 5 2 3 2 4 2 72.5 

15 4 1 4 4 4 2 4 2 4 3 70 

16 5 1 3 3 4 1 3 1 5 4 75 

17 5 3 3 3 3 2 3 2 5 1 70 

Total questionnaire scores 1322.5 

Mean 77.79 
S.D 6.05 

Acceptable domain 0-64 : Unacceptable 65-85: Acceptable 85-100: Excellent 

NOTE: SUS Score above 68 is considered excellent usability based on the general guideline on interpretation 

SUS score. 

3. Discussion 

The results indicated the designed software had an acceptable level in terms of ease of 

use by obtaining the score of 77.79 from the users. High system usability from users’ 

perspective shows the system success and strong correlation between the system and 

users. A usable system should be learnable, efficient and memorable (13). Poor usability 

of the system and lack of intention to its use continuously could cause a poor return on 

investment and decrease productivity (14). Results of evaluating the vitiligo patient 
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registry system from the target user’s viewpoint showed the components of the designed 

software were integrated properly and there was the minimum amount of inconsistency 

between its components (mean=1.53), so that most of the users tended to use it frequently. 

The results revealed although the system design was not complicated, some users 

required basic training by a technical technician in order to use it. It should be noted that 

training is not only specific to the registry system, but it should be considered for all 

systems in order to improve usability and reduce error rate (15). Several studies have 

reported that usability problems of the information system could increase user error and 

decrease effectiveness and trust in the system and, ultimately, have a negative impact on 

the quality of healthcare services provided (16, 17). Lack of attention to these problems 

could affect the quality of users’ interaction with the system and healthcare services (18) 

and lead to fatigue and abandonment of the system by users in the long term. The strength 

of this study was that the system was evaluated by real users in the vitiligo ward. These 

users participated in the software design phase and were familiar with all functions of 

the system, which validated findings of the study. The main limitation of the study was 

that the system usability results could not be generalized. Considering that the system 

was implemented in only one center, it was evaluated by the users of the same center. 

Although attempts were made to compensate for this limitation by increasing the sample 

size and including all the users, it is suggested to quantitatively and qualitatively evaluate 

the system usability on a larger scale considering a larger sample size in future studies. 

To adapt the system to users’ needs, an information needs assessment should be 

performed before designing the system. Before conducting the evaluation process, users 

should be fully familiar with the system features and the necessary training should be 

given to them for using the system properly. Moreover, it is better to use the specific 

methods designed for evaluating registries in order to evaluate the usability of registry 

systems. 

4. Conclusions  

The results indicated that the vitiligo patient registry system could greatly satisfy the 

users, so that they tended to use the system frequently and believed that using it increased 

their confidence. Some of the users stated that training should be given by a technical 

expert and planning is required for the continued use of the system. 
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Abstract. In this paper, a bibliometric analysis of research on wearable technologies 

for cardiovascular diseases was conducted with Bibliometrix and based on 1675 

papers collected in Scopus from 2000 to 2022, and interesting results were presented. 

The US and China stood out for their sustained productivity in the field of 

cardiovascular diseases. The examination of the authors' keywords revealed that 

between 2000-01 and 2009-12, "Respiration" and "personalized applications" were 

the most popular research topics, however from 2010-01 to 2019-12, attention was 

given to "ECG," "Wearable devices," "Wearable sensors," and "heart rate". This 

study suggests that in the present decade, researchers should focus on topics related 

to artificial intelligence, hypertension, ECG, wearable sensors, and African 

countries must address their technological gap in the coming years. 

Keywords. Wearable, Cardiovascular, Bibliometric, Bibliometrix 

Introduction 

Cardiovascular diseases constitute a great interest among practitioners and scientists in 

the last years because of the high number of deaths they cause worldwide [1]. In 

cardiology, traditional wearable devices are limited because they cannot continuously 

collect physiological parameters during periods of activity but also for monitoring the 

patient in real-life conditions. These days, advances in nanotechnology, material science, 

and information technologies allow us to remove these limitations with smart wearable 

technologies [2]-[6]. 

This bibliometric study carried out with the Bibliometrix software [7] deals with 

1675 documents collected on Scopus. It focuses on wearable technologies for 

cardiovascular diseases with a particular focus on the thematic orientation of scientific 

publications in the field from 2000 to 2022. Our development is based on the following 

research questions: 

RQ1: From 2000 to 2022, what are the characteristics of the thematic evolution of 

research on wearable technologies for cardiovascular diseases? 
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RQ2: What are the motor, basic, declining, and emerging topics in wearable 

technologies for cardiovascular diseases as we enter this new decade (2020-2030)? 

RQ3: Who are the leading authors and countries in wearable technologies for 

cardiovascular diseases research? 

RQ4: What are the future directions of research on this topic? 

 

Our work will guide researchers, especially younger ones, in defining their research 

objectives and critical aspects to explore in the field of wearable technologies for 

cardiovascular diseases. 

 

1. Methods 

As the main objective of this study is to present the thematic dynamics, and research 

productivity in wearable technologies for cardiovascular diseases, we opted for a 

bibliometric analysis using the Bibliometrix software, which is very flexible and which 

allows for an in-depth analysis of scientific mapping on a given topic [7, 8]. Biblioshiny, 

a graphical interface offered by Bibliometrix, allows performing bibliometric analysis 

from several databases (Scopus, web of science, Pubmed, etc.). For this work, we 

leveraged Scopus, a transdisciplinary reference database offering a greater coverage of 

health sciences than the Web of Science database. Compared to Pubmed, Scopus 

provides the possibility to perform an analysis of the number of citations [9]. 

On March 12, 2022, a search on Scopus with the string “wearable” AND 

“cardiovascular” allowed us to gather a set of 1675 documents from various sources. We 

used this bibliographic database to conduct performance analysis and scientific mapping 

to address our research questions. 

2. Results 

2.1.  Performance Analysis 

2.1.1. Global Information about Data 

From 2000 to the time of writing, 6869 authors have written 1675 papers from 876 

different sources with an average of 14.93 citations per paper. The annual production of 

publications is growing at a rate of 14.04%, with a maximum value of 331 publications 

for the year 2021. 

2.1.2. Leading Authors and Countries 

This section presents the most influential authors and countries based on the published 

literature on wearable technologies for cardiovascular diseases. Tables 1 and 2 show 

the 5 authors and sources respectively that have had the most significant impact on the 

scientific world in the last 2 decades on the topic. We considered three bibliometric 

indicators for a better overview: productivity, local influence, and citation. Inan OT is 

the most productive author (29 publications) with the highest local impact (H-index:11), 

while Wang Z is the most locally cited author with a total of 69 citations. 
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Table 1. Top 5 Leading Authors. AN: Articles Number. H-I: H-Index. LCN: Local Citations Number. 

Most Relevant (AN) Local Impact (H-I) Most Local Cited (LCN) 
Inan Ot (29) Inan Ot (11) Wang Z (69) 

Na (23) Wang J (10) Turakhia Mp (59) 

Zhang Y (22) Martin Ss (8) Halperin Jl (53) 

Poon Ccy (16) Yang J (8) Krittanawong C (53) 

Wang J (16) Zhang Y-T (8) Zhang Y (53) 

 

Statistics from the Journal of the American College of Cardiology have shown that 

in the world in 2019, 17.9 million deaths are recorded each year due to cardiovascular 

disease and 81% of these deaths, of which more than a third are early, occur in low-

income African countries [1]. We, therefore, considered it important to present in this 

section a geographical overview of the scientific production of wearable technologies 

for cardiovascular disease. Table 2 shows the top 5 most productive countries, with the 

USA and China leading with 2632 and 1114 publications, respectively. African countries 

combined have 57 papers, with South Africa, Tunisia, and Nigeria at the top of the list 

with 11 and 9 articles, respectively. South Africa is the African country with the highest 

number of citations, with a total of 12. 

 

Table 2. Top 5 Leading countries in the world and in Africa. AN: Articles. LCN: Local Citations Number. 

In the world In Africa 
Most Relevant (AN) Most Local Cited (LCN) Most Relevant (AN) Local Impact (H-I) 
USA (2632) USA (9504) South Africa (11) South Africa (11) 

China (1114) China (2279) Tunisia (9) Tunisia (9) 

Italy (522) Italy (1334) Nigeria (9) Nigeria (9) 

Germany (442) Hong Kong (1134) Algeria (8) Algeria (8) 

Japan (383) Korea (1062) Cameroon (6) Cameroon (6) 

2.2. Science Mapping 

2.2.1. Trend Topics 

An interesting method for gaining a general overview of the topics of interest in the 

scientific output in a given field is to observe the occurrence of “authors” keywords. 

Thus, the trend of topics summarized in Table 3 shows that during the decade 2000- 2009, 

the topics of interest according to their frequency are: “respiration” and “Personalized 

applications”. On the other hand, during the decade 2010-2019, we identify: “ECG”, 

“wearable devices”, “wearables sensors”, and “heart rate” with an occurrence higher 

than 50%. It is interesting to note that the first 3 topics that have been emerging in 

research since 2000 at the time of this study are Cardiovascular diseases, Wearables, and 

Machine learning. 
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Table 3. Trend Topics from 2000 to 2022. 

2000-01 to 2009-12 
Topic (frequency) 

2010-01 to 2019-12 
Topic (frequency) 

2020-01 to 2022-03 
Topic (frequency) 

Respiration (5) ECG (71) Cardiovascular diseases (68) 

Personalized applications (4) Wearable sensors (67) Wearables (67) 

Embedded systems (3) Heart rate (64) Machine learning (59) 

Decision support system (3) Wearable devices (63) Deep learning (30) 

Integration (3) Heart rate variability (46) Artificial intelligence (25) 

Inductive plethysmography (3) Wearable sensor (27) Sensors (21) 

 Sudden cardiac death (24) Biomedical monitoring(6) 

 

2.2.2. Thematic Evolution 

To better understand the conceptual structure of the scientific production in a given field, 

it is interesting to analyze the thematic map of the “authors” keywords. 

 

 
Figure 1. Thematic map of the ’” ’author’s keywords (Time slice 2020-2022). 

 

We can note in Figure 1 that the different keywords used by researchers between 

January 2020 and March 2022 are grouped under 12 different clusters, and each cluster 

belongs to a specific quadrant allowing us to categorize it. In the bottom left quadrant 

named emerging and declining themes, we find two clusters that include 

“electrocardiogram” & “classification” on the one hand and the other hand “wearable 

electronics”. Their position denotes their low density and slightly below average 

centrality for wearable technologies related to cardiovascular diseases. The top left 

quadrant contains four clusters: "neural network" & “bioimpedance”, "cnn" & "feature 

extraction" & “lstm”, “sudden cardiac death” and finally "biosensors" & "heart rate 

variability" & "physiological measurement". This quadrant presents the themes with a 

high density despite their non-vital importance to the subject. The themes that are vital 

to the field but have low development are presented in the lower right quadrant. These 

are: "physical activity" & "cardiovascular" & "mobile health", "wearable sensors" & 

"electrocardiography" & "hypertension" and "wearable" & "cardiovascular disease" & 

"wearable device" . The two clusters“wearable devices” &“cardiovascular diseases” & 

“mhealth” and “ECG” & “deep learning” & “machine learning” have a slightly above-

average degree of development despite their vital importance for the use of wearable 
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technologies to detect or monitor cardiovascular diseases. They are intermediate between 

the basic themes and the motor themes, which are the central themes for the field with a 

high degree of development. The cluster “wearable sensors”&“cardiovascular 

monitoring”&“seismocardiogram” is the only one that belongs to the quadrant of motor 

themes. 

3. Discussion 

We have identified in the literature some similar studies [10], [11] but this one improves 

the understanding of the conceptual structure of research on wearable technologies for 

cardiovascular diseases. 

The first research question RQ1 concerns the main topics that mark research on 

wearable technologies for cardiovascular care. Through the analysis of the ” authors’ 

keywords, the results show “Respiration” and “Personalized applications” as the main 

topics of interest for researchers between 2000-01 and 2009-12 while in the past decade 

(2010-2019), researchers focused on: “ECG”, “Wearable sensors”, “Wearables devices” 

and “Heart rate”. This observation suggests a change in the focus and interest of 

researchers over the last two decades. Indeed, we can also note notable changes in the 

field of research over the last three years (2020-2022) with the appearance of evocative 

themes such as artificial intelligence, machine learning, and deep learning. These themes 

are undoubtedly linked to challenges such as the management of Big data, their security, 

and personal data protection. The results of the thematic evolution analysis that we 

performed between 2020 and 2022 give us important characteristics of the current 

thematic dynamics of research on the use of wearable technologies for cardiovascular 

diseases and the topics that deserve particular interest from researchers in the future. 

These elements allow us to answer research questions RQ2 concerning motor, basic, 

dying, and emerging topics in wearable technologies for cardiovascular diseases. Thus, 

among the basic topics, it is appropriate to put a particular emphasis on these: "physical 

activity" & "cardiovascular" & "mobile health", "wearable sensors" & 

"electrocardiography" & "hypertension" and "wearable" & "cardiovascular disease" & 

"wearable device". Indeed, it will be necessary to orient research to obtain significant 

results regarding the use of wearable technologies as a tool for early detection or 

diagnosis (ECG) and prevention (physical activity) of cardiovascular diseases. Because 

hypertension is one of the most dangerous risk factors for cardiovascular diseases, it is 

essential to increase the research effort in this area. In addition, some irrelevant terms 

have been developed over time, such as “sudden cardiac death” and “feature extraction”, 

while other relevant topics, such as those mentioned above requiring special attention 

from researchers, are at a very low-density level. 

The performance analysis allowed us to solve research question RQ3 and provided 

future research guidelines for research question RQ4. Indeed, here we summarized the 

5 researchers and countries that influenced the world of research on the use of wearable 

technologies for cardiovascular disease between 2000 and 2022. Despite the growing 

burden of cardiovascular disease in Africa, we noted the continent’s poverty regarding 

scientific production on the subject. Considering the data analysis conducted from the 

Scopus database, which is not exhaustive, the conclusions of this study could have some 

limitations. 
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4. Conclusion 

In this paper, a bibliometric analysis of research on wearable technologies for 

cardiovascular diseases was performed, and interesting results were presented. Through 

performance analysis, this article identifies the five leading authors and countries. While 

African countries remain at the bottom of the statistics overall, the US and China stood 

out for their sustained productivity. Analysis of the thematic evolution of the subject has 

allowed us to identify the main topics that have marked the past two decades. Between 

2000-01 and 2009-12, researchers focused on respiration and personalized applications. 

From 2010-01 to 2019-12, new topics of interest such as ECG, wearable sensors, 

wearable devices, and heart rate were explored. 

To inform the scientific community and incite implications for policy, practice, and 

research, we have identified highly developed but non-capital topics: feature extraction, 

physiological measurement, and sudden cardiac death. Our study finds that researchers 

might focus in the next decade on issues related to prediction and prevention supported 

by wearables. However, this study has some limitations related to the sample size 

considered. It will have to be expanded for a complete analysis. 
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Abstract. Background: Hospitals are complex organizations that frequently need 
changes especially in service delivery processes, organizing, human resource 
management, monitoring and evaluation and technologies. Maintaining and 
improving productivity is a key requirement in hospital change management. 
Therefore, we need to develop and expand an appropriate model for management of 
changes in hospitals; which is the main purpose of this study. Method: A qualitative 
approach was used to conduct semi-structured interviews in 2019-2020 with 12 
expert managers at Mashhad University of Medical Sciences, Mashhad, Iran. A pre-
structured framework was applied for the data analysis. Results: Four main themes 
and nine sub-themes were identified as the main phases or stages of the framework 
that can be used to manage changes that aim to improve efficiency in hospitals. The 
main themes were problem identification and initial support; studying, designing 
and planning; participation in implementation; considering executive requirements; 
and implementation, assessment, feedback and stabilization. Conclusion: 
Management of changes that aim to improve hospital efficiency requires a practical 
model that was specifically developed by this study. This model should consider all 
the key elements that were identified; and should consider the expectations of the 
key stakeholders and their contribution in implementing the change. 

Keywords. Change management, Productivity, Hospital Administration, 
Improvement 

Introduction 

The improvement healthcare system will not be possible without some improvements in 

hospital's performance[1].Improving hospital productivity  requires constant changes [2]. 

In recent years change management has evolved to change management models, 

processes and plans in order to facilitate the impact of change in organizations [3]. 

ADKAR change model includes 5 words: awareness, declination, knowledge, ability and 

reinforcement. As a manager, this tool can be used to identify gaps in the change 

management process and provide an effective leadership role for its employees  [4,5]. 
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The use of change management models as a guiding framework and not as a prescriptive 

management process is in accordance with the prevailing thinking in the present era 

about healthcare as complex systems [6]. Research in the United States, studied changing 

strategies in hospitals which considered the scope of implementation as an important 

element in making changes. Communication, empowerment and delegation of 

implementation decisions to the leaders of departments and units are among the success 

factors in applying change models  [7].  The majority of change models used in health and 

treatment centers are considered to create a framework in order to establish a wide and 

diverse range of activities and rarely address the resistance issues of the change 

stakeholders [6-8]. In a recent example of opening a new hospital building in Australia, 

employee attitudes shifted from appreciation in the early stages of change to frustrations 

as the development progressed [9]. Nowadays, we have witnessed a paradigm change in 

the performance of hospitals, that its main concepts express the multilateral management 

of hospitals and consider them as a social phenomenon that requires a dynamic view and 

to achieve that there must be change [10]. Hence, the purpose of this study was to develop 

a suitable model for managing changes in hospitals in order to improve productivity. 

1. Methods 

The present study with a qualitative approach was conducted in 2019 and 2020 at 

Mashhad University of Medical Sciences, Mashhad, Iran. This study had 12 participants 

who had been chosen through purposive sampling. There were some conditions to enter 

this study which included participating voluntarily in the study, having experience in 

making at least one change in the modification of the hospital process and acting as a 

change manager or significant stakeholder who is aware of all the steps in the change 

process. Face to face interviews have been conducted in the format of semi-structured 

interviews. According to the type of the study (framework analysis), the interview guide 

was extracted from the ADKAR model. The primary questions to interview participants 

included the following: 1. How was the need for change felt or discovered? 2. How was 

support for change and stakeholder participation done? 3. How is the implementation 

path of change defined? 4. How has the process of implementation and consolidation of 

change been? Sampling and data collecting hadn’t stopped until obtaining new data from 

interviews  [11]. In this study, the framework analysis method was used to analyze which 

includes 5 steps: “introduction”, “identifying a thematic framework”, “Indexing”, 

“Tabulation” and “combine and interpret data or map”. This method has been developed 

particularly to analyze the qualitative data in study policies. At the introduction stage, 

the researcher absorbs the data by listening to audio files or reading manuscripts. During 

this process, researchers learn about the key ideas of the frequent contents and start the 

note taking process. Determining a thematic framework is not an automated process but 

requires logical thinking and intuition. In order to make change, the ADKAR model was 

used to design the initial study framework to analyze. The ADKAR model is a five-step 

framework which helps dealing with change management. This method had been 

provided by best-selling author and founder of Prosci, Jeffrey Heath [12] (Figure 1). 
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 Figure 1. ADKAR model [12]   

 

Basic thematic framework was discussed by researchers in a number of repetitive 

sessions. At first, the researcher indexed the transcribed interviews using the ATLAS/ti. 

V8 software. Then the other authors have discussed the index and the essential 

arrangements were made. This process has been repeated several times for all interviews. 

After that, they were compared to the point of view of every different interviewee about 

each topic by using an analysis chart. The relation between main and alternative contents 

were also examined. They have used transcribed interviews and in case of need charts 

were added. Contents were interpreted by using the same process which was explained 

for indexing. The thematic framework was updated in the analysis process. 

2. Results 

In this study, 12 participants were interviewed. Table 1 shows the demographic 

information of the participants. 

 

Table 1: Characteristics of participants 

Average ± deviation / number (per) Characteristics 

45.2 ± 6.1Age (years) 

17 ± 8.7Years of work experience 

3(25)Non-medical PhD 

Education 

 
2(17)Specialist (medical) 

3(25)General Practitioner 

4(33)Master of nursing 

4(34)female Gender 

 8(66)male 

0(0)single Marital status 

 12(100)married 

 

In total, in the process of framework analysis of the present study, 4 main themes 

and 9 sub themes were identified (Table 2). 

 

Table 2: Themes related to hospital change management 

Themes Sub-themes 

Problem identification and 

the initial request for support 

 Identify the issue 

 Identifying key stakeholders and the initial request for 
support

Studying, designing and 

planning 

 Examine the previous related experiences and knowledge 

 Clarification of modus operandi and study plan 
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Participation seeking for 

implementation and executive 

requirements 

 Information and obtaining the consent of stakeholders 

 Confirming the executive requirements 

Implementation, assessment, 

feedback and stabilization 

 

 Managing executive challenges 

 Assessment and feedback 

 Stabilization after implementing changes 

 

 

2.1. Theme 1 – Problem Identification and the Initial Support 

2.1.1. Sub-Theme 1- Identify the Issue 

“…The first question that comes to mind when talking about change is what is about to 

change and why. In fact, the determining point of the change process is to identify the 

problem which our change revolves around.” (P10) 

2.1.2. Sub-Theme 2- Identifying Key Stakeholders and the Initial Support 

“…Look, when you decide to make a change on a topic or improve a process, there are 

always individuals at hospitals or universities who legally have the authority, power or 

inclination to not give you the permission to make a change or improve a process. It 

might be the opposite. It means that the above-mentioned individuals actually support 

your change and accelerate the process. Those are the people who must be completely 

legitimized before everything starts.” (P08) 

2.2. Theme 2 – Studying, Designing and Planning 

2.2.1. Sub-Theme 1- Examine the Previous Related Experiences and Knowledge 

“…Sometimes we think we know it all and basically, we refuse to examine the previous 

experiences about a topic. We mostly think that we are the first person in the universe 

who wants to improve a process. But in fact, we are not. We need to believe that nothing 

in the world is with no theoretical background and research experiences.” (P04) 

Heading 

2.2.2. Sub-Theme 2-Clarification of Modus Operandi and Study Plan 

“…Make things clear about what exactly you want to do. Consider everything in detail, 

not in general. When senior managers of a hospital or university come up with an idea, 

we need to think about it and write down the things we are about to do in detail. We need 

to know what the starting points are and what will be during the process, another 

participant said.” (P10) 

2.3. Theme 3 – Participation Seeking for Implementation and Executive Requirements 

2.3.1. Sub-theme 1- Information and Obtaining the Consent of Stakeholders 

”… The success of implemented changes highly depends on the stakeholders of that 

change. Before implementing, there are people we need to inform, satisfy and clarify. 
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Sometimes a matron needs to be informed of a change and sometimes this needs to be 

done through a face-to-face conversation. That’s the skill of a change manager.” (P11) 

2.3.2. Sub-theme 2- Confirming the Executive Requirements 

“…It doesn’t matter how much a change manager focuses on the design process of work 

and the performing methods, there will still be challenges on its way. Most of these 

challenges are related to neglecting some of these executive requirements. Therefore, we 

ought to keep the stakeholders in the loop before everything starts and they need to 

inform you if there are any obstacles in the implementation process.” (P03) 

2.4. Theme 4 – Implementation, Assessment, Feedback and Stabilization 

2.4.1. Sub-Theme 1- Managing Executive Challenges 

"…If the change manager informed the stakeholders in the previous stages, there 

wouldn’t be any challenges on his/her way in the implementation stage. Indeed, there 

will always be issues in the name of executive challenges of work which the change 

manager must make the necessary arrangements for.” (P01) 

2.4.2. Sub-Theme 2- Assessment and Feedback 

“…There is always a cycle in the implementation process when talking about change 

management. By assessing and giving feedback to this cycle, we allow the stakeholders 

and the study itself to review the process.” (P04) 

2.4.3. Sub-Theme 3- Stabilization after Implementing Changes 

“…If changing the stakeholders of a change, particularly the important ones, doesn’t 

affect the process, then we can say that changes are sustainable and they have been 

implemented perfectly and presented as a positive experience. In other words, 

stabilization of a change is crucial and it is closely related to persistence of evaluation, 

feedback and improvement of implementation methods and it is considered as a kind of 

accommodation.” (P05) 

3. Discussion 

According to this study, change management at hospital has 4 main themes which 

includes: problem identification and the initial request for support, studying, designing 

and planning, participation seeking for implementation and executive requirements, 

implementation, assessment, feedback and stabilization. In this study, the ADKAR 

model was used for framework analysis to change management in hospitals. Problem 

identification and the initial request for support were one of the main themes identified 

in this study.  This theme is similar to step one of Kelin’s reengineering method which 

includes preparation [14]. In Iranian hospitals, due to the large number of project 

stakeholders, it is necessary to analyze key stakeholders and prepare those [15].  Another 

main theme was participation seeking for implementation and executive requirements. 

These results are similar with a report of hospitals in Australia [16], which shows the 

importance of stakeholder engagement in the implementation process [17].Regarding the 
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last theme “Implementation, assessment, feedback and stabilization” it is in line with the 

refreezing step in Kurt Lewin's change theory [18].  The results of the Rechel et al. study 

showed that collecting complete information, stakeholder participation, and getting 

feedback from them about the decisions made had the greatest impact on the managers' 

decision-making performance [19]. Making changes in Iran's public hospitals and not 

fully implementing these changes shows the weak performance of managers in this field 

[20]. In Iran's health system, implementation, assessment and feedback are done to some 

extent, but due to many changes in the management systems, the stabilization stage rarely 

happens, and most of the projects remain unfinished despite spending a lot of time and 

cost.  Thus, particular attention should be paid to the change management and 

sustainability of the change in hospitals to improve productivity. Although the main 

approach of the participants in this study was change management in government 

hospitals, apparently the extracted themes of the present study can be used in other non-

governmental hospitals and even other organizations. In order to use the findings of this 

study for other organizations, the cultural condition and climate of the concerned 

organization must be taken into account. One of the most important limitations of this 

study was deficiency of documentation and written organizational memory of individuals 

or processes that have been reviewed and modified over the years. This limitation caused 

challenges in identifying the individuals who were process owners and activists as 

change managers or a key stakeholder. 

4. Conclusion 

Managing change is certainly a challenge but it is not impossible. Linking the potential 

solutions can lead to improved methods for managing changes, offer new approaches 

that have not yet been discovered, and provide broader insights on how to use them 

against an organization that is always changing. An important advantage of the identified 

themes in the present study is that it's a combination of models related to change 

management, re-engineering and action research methods. Our finding indicates that the 

organizational culture of state hospitals in the field of change management requires 

methods that should have the features of change models, re-engineering models and 

action research methods. 
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Abstract. The ISO standards for the Identification of Medicinal Products (IDMP) 

prove to be difficult to implement. Guidance needs to be provided to those using 

and further developing IDMP-related standards and terminologies. Providing fitting 

and structured education would be a step forward. This article describes research of 

current education and certification on IDMP and the creation of an educational 

framework for targeted IDMP knowledge transfer. This framework indicates the 

required level of knowledge for the various identified roles within the organizations 

working with IDMP. Based on a combination of desk research, a questionnaire, and 

individual interviews, relevant roles were identified covering the various 

organizations (Users, Educators, Medicine Authorities, Standard Developing 

Organizations, and IT-suppliers) and five levels of required knowledge were 

determined, including applicable roles and educational components. Furthermore, 

this article lists several recommendations that should be taken into consideration 

whilst developing content and implementing educational modules for IDMP. 

Keywords. IDMP, standards, education, medication, patient safety, interoperability 

Introduction 

Increased usage of structured terminologies and standards in the domain of Identification 

of Medicinal Products (IDMP) and the exchange of its data is expected to improve patient 

safety and increase efficiency of development, use and monitoring of medicinal products. 

While relevant ISO standards have been available since 20121, the impact of these norms 

can be considered as sub-optimal. Organizations make use of local/national standards or 

have developed their own system to classify and identify medicinal products. To prevent 

issues due to mistakes in translation and to facilitate interoperability and cooperation, 

such complexity should be prevented. This article aims to provide a concrete educational 

framework by answering the following questions what level of knowledge is expected 

of people and how do they acquire that knowledge, now and in the future? An educational 

framework would create common understanding among users, provide flexibility for 

distinct roles and could function as a first step for the further adoption and development 

of the set standards on IDMP. The end goal is providing users with an education 

framework to adopt IDMP related standards and terminologies. The expected growth in 

the number of new medicinal products seeking market authorization should also function 

as a motivator to use of the set of IDMP standards. 
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1. Methodology and Findings 

Information was gathered from both existing documentation as well as experts and 

industry users. The e-Competence Framework2 describes 41 competences and roles 

relevant in an ICT environment. From this list, the relevant roles on the topic of IDMP 

were drafted which also provided input for a set of questions to be used in a questionnaire. 

The questionnaire was sent to industry professionals and experts, who were contacted 

over a period of two months and based on their UNICOM3 involvement. 

In two months, 82 individuals have replied to the questionnaire. The distribution 

across the various types of organizations was the following Users (41.5%), Educators 

(17.1%), Medicine Authorities (15.9%), Standard Developing Organizations 13.4%), 

and IT-suppliers (12.2%). Nearly all respondents indicated that the current situation was 

not ideal (93.9%); the lack of uniformity, unclear guidance and the lack of governance 

has led to variation. Note that none of the respondents that considered the current 

situation as ideal originated from the group of educators and the Standard Developing 

Organizations. Furthermore, 24.4% of the respondents required certification on IDMP 

from their staff but a majority referred to publicly available information or internal 

knowledge transfer even though 78.8% indicated that specific groups in their 

organization focus on IDMP. The variation in answers indicated that there are many 

different specializations and professionals working with IDMP. They also indicated that 

required knowledge was dependent on their role and engagement. Dividing those into 

groups of technical, business, clinical and regulatory was a first step. 

Individual interviews with a number of industry users and experts on the topic of 

IDMP, were conducted to validate the outcomes of the questionnaire and provide more 

details on the current issues. The interviewees indicated that the lack of coherent 

education together with the great variation in used terminologies and standards, as the 

main thresholds for efficient exchange of data and increased patient safety. 

1.1.  Definition and Scope 

In context of this study, an educational framework4 is defined as the following: “An 

instructional framework provides a cohesive structure made up of proven components, 

but it is adaptable so as to work with varying teaching styles, content areas, and student 

needs (while maintaining the core structure of the framework)”5. Furthermore, an 

educational framework should adhere to the following objectives6: 

� Promote a consistent view of body of knowledge worldwide; 

� Specify its scope; 

� Be publicly accessible; 

� Enable the identification of role specific competencies; 

� Provide a foundation for (health informatics) course and curriculum design; 

Development and accreditation. 

2. The Educational Framework 

Based on the input, relevant roles and applicable levels could be identified. Below, five 

levels of understanding and specialization have been identified to create a curriculum 

with a clearly defined purpose in mind. The levels start with basic information and build 
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up to specialized understanding. Using these levels, fitting educational goals or topics 

could be defined, enabling educators. 

2.1. Informative Level 

The first level of education should be considered informative and is aimed at spreading 

awareness and a basic understanding of the standards and terminologies of IDMP. It is 

recommended that use cases and guidance on the ISO documents should be available to 

the public as a basic means of education to achieve a broad basic understanding. 

2.2. Foundation Level: 

Users are familiar with the basics of IDMP and are familiar with publicly available 

information. They understand the status quo and the main drivers for IDMP. Operational 

users should be able to integrate IDMP-libraries in their environment and import data. 

Strategic users are expected to have a high-level understanding of IDMP, its benefits and 

an overview of relevant stakeholders. 

Relevant roles: IT Account manager, CIO/CTO, Database Administrator. 

2.3. Intermediate Level 

Users should be able to understand the logic of IDMP and its implementation. 

Furthermore, the relevant terminology should be clear to them in such a way that they 

grasp the relevance of terms in discussions. Business users should be able to propose 

new uses of IDMP in their organization while overseeing the impact on the processes in 

combination with stakeholders. 
Relevant roles: Analyst, Product Owner, Information Manager, Medical Coder. 

2.4. Advanced Level – Clinical and Regulatory 

Users should be able to understand the terminology of IDMP fully. Furthermore, they 

should be able to scrutinize the standards and make suggestions for improvement that will 

be beneficial for the general population of users. Users should be proficient in 

understanding terms and concepts and their applicability. They should proactively assist 

in the implementation of IDMP. 
Relevant roles: Medication Compliance Officer, Pharmacovigilance Professional, 

Authors of medication related information (e.g., CDS or MPD), Medication Information 

Analyst, Regulatory Information Analyst. 

2.5. Advanced Level – Technical 

Users possess detailed knowledge on the structure of IDMP and its relevance in a 

technical sense. They should keep up to date with ongoing changes on a technical level 

and be aware of the impact of adjustments. Implementations and changes can be carried 

out with little preparation time including the connection to external reference 

databases/services. 
Relevant roles: Innovation Manager, Data modeler and Interface Specialist, Standard 

Specialists (participating in standard development). 
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3. Discussion and Conclusions 

The construction of an educational framework would be a means to promote the adoption 

and usage of IDMP and its corresponding terminology. During the construction of the 

framework, its objectives were taken into consideration but it needs to be discussed 

further in order to refine the levels and content of the modules. Subsequently, pilot  

educational modules could be developed and expanded upon. Below a number of 

recommendations are listed. 

Currently, the curricula are determined by a diverse group of professionals across 

various types of organizations. Centralized guidance on such a curriculum at a higher 

level would be preferred. Input for the curriculum should come from all users, while 

education could be provided by (non-)commercial organizations. Coordination and 

supervision could be done by independent organizations, such as medicine authorities. 

It is noted that the various ISO documents, including several implementation guides, 

do not provide a generic overview regarding the usage and the step-by-step approach 

required for familiarizing or implementing IDMP. Therefore it is advisable to provide a 

roadmap that provides guidance getting familiar with the standards. This will clarify the 

necessary steps and logic to new and existing users. It will also lower the threshold for 

individuals and organizations that are new to IDMP. By keeping the threshold low, the 

awareness and basic understanding of this topic will grow resulting in effective 

implementation of IDMP. 

Standards tend to grow organically to vast systems. By actively limiting new 

additions, the size of IDMP can be kept at a manageable level without the loss of 

important nuances. This keeps the threshold low for new users. 

This article has focused on the creation of an educational framework leading to the 

education and certification of individuals. However, a certification could also be used to 

mark organizations as IDMP compliant. A similar approach as being used for other ISO 

norms such as ISO 9001 could be attained. 
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Abstract. On the basis of the Estonian National Health System, we propose a 

universal and reusable methodology for migrating HL7 CDA documents or their 

components. 
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Introduction, Objectives and Methodology 

Many countries have successfully implemented HL7 V3 and CDA standards to ensure 

document-based interoperability between EHRs, registries and healthcare institutions [4, 

5, 7]. HL7 CDA is a document markup standard that specifies the structure and semantics 

of clinical documents [2]. The biggest drawback of the HL7 CDA document-based 

approach is the timing of sharing the information. The document is generally shared once 

all the agreed data elements have been precisely filled in and the necessary confirmations 

received. 

The Estonian Health Information System (TIS2) is a set of healthcare services that 

covers many aspects of health care – discharge summaries, referrals, e-prescriptions, the 

national appointment system, etc. [5]. TIS development began in 2005 and is based on 

HL7 V3 and CDA standards. Today, Estonian TIS is transitioning from a document-

based approach to an event-based approach by utilizing the HL7 FHIR standard. During 

this transition, one of the tasks is to describe the patient’s socioeconomic status according 

to the FHIR profile. 

One of the data exchange services offered by TIS is NAKIS [8], which serves the 

purpose of sharing information about dangerous diseases, infections and suspected 

infections through the Infectious Diseases Information System to the register of 

infectious diseases, including AIDS, hepatitis and COVID-19. Regarding the COVID-

19 pandemic, the NAKIS notice was one of the most frequently used notices from 2020 

to 2021. In order to thoroughly analyse the reasons for infection, NAKIS requires the 

collection of social characteristics: occupation, employment organisation, and 

educational or preschool institution. 

Socioeconomic status (SES) is defined as a measure of a person’s combined 

economic and social status and tends to be positively associated with better health [1]. 

This entry focuses on three common measures of socioeconomic status: education, 
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income, and occupation. Listing 1 contains a fragment of the NAKIS report message 

with socioeconomic elements. In the NAKIS report, a message from the employee 

organisation or educational or preschool institution is presented as free text. Occupation 

is defined as  1.3.6.1.4.1.28284.6.2.3.1 [9]. Officially, the register of 

occupations is managed by the Department of Statistics. The attribute socioeconomic 

status is defined as  1.3.6.1.4.1.28284.6.2.3.9 [10] with specified values. In 

NAKIS, however, the message uses the occupation name as free text instead of a code. 

 

Listing 1. Fragment of NAKIS message with extended patient section 

 
 

According to the plan, NAKIS was migrated from HL7 V3 and CDA to FHIR. 

During the migration, the following questions had to be answered: 

� What resources are suitable for submitting SES? 

� What similar FHIR profiles and terminologies exist in the world? 

 

The aim was to create FHIR profiles and terminology that are suitable for the 

transmission of SES in Estonia and potentially comprehensible in other countries [3]. 

1. Results and Conclusion 

As a result of our project, collecting information in the form of granular observations, 

the owner of the NAKIS register always receives up-to-date and correct information that 

can be analysed from the necessary angle. The owner of the NAKIS register can now 

produce the necessary statistical values by creating a decision table, as provided in Table 

1, or using a rule engine for the calculation of values. We have created profiles for 
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 and  and provided suggestions for reusing OHD 

profiles. The decision table shows other observations, such as parental leave and 

imprisonment period, which we have not touched on in this article but which are 

important for calculating socioeconomic status and can be reported analogously to the 

described indicators. The given information often remains unreported upon patient 

registration at the registry office. 

 

Table 1. Decision table for socioeconomic status calculation for NAKIS 

 
 

In an ideal world, information on employment and occupation is delivered 

automatically to the Estonian Health Services from the Estonian Employment Register, 

information on education from the Ministry of Education and Research, information on 

combat periods from the Ministry of Defence, imprisonment information from the 

Ministry of the Interior and parental leave information from the Ministry of Social 

Affairs, whereas healthcare facilities should be free from the obligation to send this kind 

of data. As a result of our work, a reusable migration methodology for CDA documents 

or their components was developed. The methodology comprises the following steps: 
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� Analyse each element and each list critically and decompose them, where 

necessary 

� Create a list of all possible search keywords and their synonyms 

� Check the FHIR site for profiles matching your search keywords 

� Check the FHIR register for profiles matching your search keywords 

� Reuse profiles, where possible 

� Search openEHR for suitable archetypes; validate their suitability and reuse, if 

possible 

� Search SNOMED and LOINC for matching terminology based on all search 

keywords 

� Develop/adapt/adopt appropriate profiles and terminology 

 

It is a common opinion that characteristics reflecting the patient’s status, such as 

SES, must be part of the Patient resource. According to the modelling principle, it is 

reasonable to add an attribute to a resource if it reflects an event [6] that is complete, i.e. 

it changes very rarely, e.g. one or two times during the life of the resource. Since SES 

may change frequently e.g. several times a year, and multiple indicators may be valid 

simultaneously, and since a historical overview of changes in SES may generally be 

clinically useful, socioeconomic status cannot be an attribute or an extension of the 

Patient resource but a separate FHIR Observation resource with its own profile or profiles. 
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Abstract. The effectiveness of the health care system is largely dependent on the 

knowledge, skills, and motivation of health care workers, which was particularly 

evident during the COVID-19 pandemic. The systemic planning of human resources 

is therefore an important condition for ensuring the sustainability and efficiency of 

the health care system. This article focuses on outlining a basic model of human 

resource planning in health care and the investigation of related complexities. An 

in-depth analysis framework based on various materials and evidence is proposed 

in order to outline the factors that influence human resource planning in health care. 

In order to achieve greater credibility of the research results, the in-depth analytical 

process employs an extensive review of the literature and carries out an investigation 

of numerous sources and materials, in both the national and international contexts. 

The purpose of the human resource planning initiatives in health care is to calculate 

the needed number of health care workers in the future, on the basis of past and 

current data, and based on assumptions about future trends in supply and demand. 

The research findings reveal that this is a very challenging task, as there are typically 

many unknowns in future planning, and, in addition, planners often face a lack of 

reliable data and systemic deficiencies. Moreover, the study indicates that 

unplanned and delayed solutions concerning the human resource needs in health 

care can only alleviate problems, but in no way can they replace effective strategic 

measures and timely structural changes within the health care ecosystem. 

Keywords. Human resource planning, health care, basic model, complexities. 

Introduction 

The health care sector constitutes one of the most significant branches in the EU 

economy with important employment potential due to the ageing population and 

increasing demand for health care services [1]. The current global health crisis and the 

problems of health care systems around the world due to the COVID-19 pandemic only 

confirm the important socio-economic role of health care systems [2, 3]. In Slovenia, 

health care generated 7.9% of GDP in 2020 and employed 6.8% of the active population 

[4]. According to the National Institute of Public Health, the health care sector employed 

60,862 people in 2020 [5]. The provision of health care requires the combination and 
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coordination of numerous resources, whereas human resources make the largest 

contribution to the delivery of health care services in the first place [6]. 

Due to the ageing population, the population of the EU aged 65 and over is projected 

to increase by 66.9 million by 2060 [7]. The introduction of new technologies requires 

additional health care workers and proper training. On the other hand, new health risks 

are emerging due to lifestyle changes, pollution, and epidemiological threats [8]. All of 

this is leading to continually increasing the number of health care workers and spending 

on health care, and poses serious concerns for the sustainability of health care systems 

in many countries. Policymakers and health care system managers face numerous 

difficulties in the course of human resource planning in health care. To this end, the main 

purpose of human resource planning models is to calculate the future number of health 

care workers needed based on past and current data and on the basis of the assumptions 

regarding the future trends in workforce supply and demand. Accordingly, this article 

focuses on outlining a basic model of human resource planning in health care and the 

investigation of related complexities. 

1. Methods  

In order to achieve the research objectives, this article employs an in-depth analysis 

methodological framework. Outlining a basic model of human resource planning in 

health care requires multilateral and detailed insight that delves beyond the superficial 

layers to investigate the related complexities. Since this study is largely exploratory in 

nature, quantitative research methods could not yield dependable results. The selection 

of the methodological approach was adapted to the particularities of the research matter 

and the availability of evidence [9].  

The in-depth analysis was conducted from November 2021 to May 2022. During 

that time, we carried out extensive document analysis through the exhaustive 

investigation of primary and secondary sources, policy papers, EU and national strategies, 

project reports, interviews, and other materials containing subjects related to human 

resource planning in health care. The in-depth analytical process used content from both 

national and international contexts to attain greater credibility of the research results [10]. 

In this sense, the evidence from the field, statistical data, and records from the national 

health care databases were particularly important. An all-encompassing methodological 

approach should ensure the greater consistency of the research results and provide a more 

applicable platform for drawing sensible conclusions [11]. 

2. Results 

The in-depth analysis revealed that the following factors have the most significant impact 

on health care workforce planning [2, 6, 7, 12]: the demographic trends, numerous 

diseases and chronic conditions, the ageing and gender structure of the health care 

workforce, the capacity of the educational institutions, the required new knowledge and 

technologies. The basic model of human resource planning in health care presented in 

Figure 1 incorporates seven factors in two categories [13]: “Supply” and “Demand”.  

On the supply side, “Training” denotes the highly significant factor concerning the 

number of new health care professionals produced each year by the education system [6]. 

“Current health care workforce” refers to the health care workers working in the public 
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health care system and external health care professionals. The relevance of “Migration” 

varies depending on the weight of this social phenomenon in each country. In any case, 

as the EU Member States become more integrated and the importation of health care 

workforce from the third countries continues to rise, the effect of migration is likely to 

expand [7]. “Retirement” is determined by individual choices and regulations governing 

the right to retire. Other groups within this category, i.e. death, inability, other departures, 

have a large impact on the number of health care workers and reflect the movements of 

workers in the field [12]. “Job retention” addresses the parameters and occupations (e.g. 

nurses) in the health care system that may be more closely tied to job retention than 

others [5]. Factors on the supply side and related complexities are largely the result of 

the national strategic orientations, development goals, and underlying policy decisions. 

Regarding the demand side, there are various research studies that consider a variety 

of factors influencing the demand for health care services [14]. “Population need” refers 

to the demand based on the population’s underlying needs, where the number and 

competences of health care workers meet the health-related objectives, such as ensuring 

better health, reducing inequalities, and the accessibility of the health care system. 

“Health care production”, expresses the ratio between the total current health care 

spending and the number of health care workers [12]. The demand side can be influenced 

by the prioritization of health care issues, prevention campaigns, etc. Unlike the supply 

side, the demand side factors and related dimensions are relatively more difficult to 

measure and, consequently, to predict.  

 

 
Figure 1. The basic model of human resource planning in health care. 

3. Discussion 

The challenges related to human resource planning in health care stem from complex 

national and global social factors, multifaceted professional interactions, and specific 

health care sector dynamics [7]. Our basic model of human resource planning in health 

care comprises critical factors, a suitable set of data, various assumptions and scenarios, 

and algorithms for calculating results. Such models typically combine quantitative and 

qualitative prediction methods and advanced digital solutions. The information used to 

define the baseline state and the data used to calculate future health care workforce 

supply and demand trends serves as the basis for measures regarding the training, 

education, employment, and migration of health care workers, ensuring favorable 

working conditions for young and older workers and preventing them from moving into 
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other professions early or retiring. Generally, the models of human resource planning in 

health care and the derived indicators should enable recognition of the main imbalances 

within the health care workforce, the analysis of these imbalances concerning all relevant 

factors, and the identification of potential solutions. Preferably, the results of the 

modeling should facilitate the assessment of future health care workforce supply and 

demand, expressed in the indicators defined during the planning process. However, due 

to various limitations and long prediction periods, such models do not represent a magic 

solution, and should not be unreasonably imposed on all health care systems without 

regard for their innate circumstances [15]. The identification of the most important 

facilitators of the effective human resource planning initiatives in health care and the 

exploration of their implications should be addressed in future research in this area.   

4. Conclusions  

The compelling experience from the Covid-19 pandemic has further fueled the heated 

debates about human resource planning in health care. All such initiatives require well-

coordinated action of the stakeholders, efficient digital infrastructure, a sufficient number 

of competent experts, and, certainly, a suitable normative framework and sufficient 

funding. Without a wide-ranging approach, such failed projects can lead to long-lasting 

setbacks, which could seriously threaten patients’ access to health care services and 

undermine all efforts to achieve public health goals in the country.  
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Abstract. The current Finnish public hospitals’ eHealth services are organization-

oriented rather than patient-oriented. Patients remain passive and use eHealth 

services that are designed by private or governmental organizations. Patients had 

little or no involvement in that process. This paper introduces a novel eHealth 

Services Model that can be used as a tool to capture the needs of both 

organizations and patients. Two eHealth services were used to verify and support 

the validity of the presented model. The first eHealth service features came from 

an existing Finnish eHealth service that was designed by a Finnish organization. 

The second eHealth service features have been derived from the collected patients’ 

feedback. A survey was carried out to compare the selected two eHealth services 

features. The finding of this paper suggests that an eHealth service with features 

that capture patients’ needs is favorable against the eHealth service features that 

came from a Finnish organization. The presented model is a long-term solution 

that can be utilized in designing and providing the right technologies and services 

that will continuously satisfy the needs of patients and organizations. 

Keywords. eHealth, Services, Patients, Organizations, Model. 

Introduction 

Finnish public health care has undergone several positive developments, which have 

impacted the eHealth services offered through Finnish public hospitals. Current issues 

with Finnish eHealth services are rooted in the problems faced by patients using 

websites and patient portals. These websites and patient portals are established based 

on what organization can provide rather than what patients want to have [1]. Several 

studies [2, 3, 4] assessed and suggested solutions for Finnish eHealth services from the 

perspective of the organizations. This paper assessed and suggested solutions to 

Finnish eHealth services from the perspective of the patients. The merit of this paper is 

to introduce and verify the validity of a model that will bring both patients and 

organizations to work as a team to build eHealth services. The introduced model is 

called the Patients and Organizations eHealth Services Model (Figure 1).  

The objectives of this paper are first to introduce an eHealth service model that will 

continuously capture the needs of both patients and organizations, and second to verify 

the validity of the Patients and Organizations eHealth Services Model (Figure 1). 
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1. Methods 

Two eHealth services features were used to verify the validity of the introduced novel 

Patients and Organizations eHealth Services Model (Figure 1). The first eHealth 

service features came from an existing Finnish eHealth service called Maisa, which 

was designed by a Finnish organization called Apotti. The Maisa eHealth service was 

selected because Maisa is used in the Finnish region Uusimaa that represents the largest 

population in Finland. Maisa provides the following eHealth service features: book 

appointments; communicate by sending messages or asking a question; perform other 

activities such as requesting test results, health summary, care plan, social services, 

coronavirus information, upcoming tests & procedures, a prescription renewal or 

referrals; manage access to data; realize other services such as links to other eHealth 

services from different providers and account setting. Maisa and other eHealth services 

are not necessarily known to all Finnish people. The features of the second eHealth 

service resulted from the collected feedback from 351 patients between the years 2014 

and 2015 [1]. The features of the second eHealth service comprise: allowing patients to 

book, cancel or postpone appointments; send messages, videos, pictures; interact with 

their health care professionals; check their own health records; renew their 

prescriptions, remote consultations; request to choose their own doctors, find their 

hospitals, emergency services, send feedback; check who has access or uses their data, 

when and why; ability to see their health trends, news about current diseases, how to 

act, where to ask for help; record their activities & diet and see, pay or postpone their 

bills due date payment. The two eHealth services were presented as (A) and (B). The 

participants did not know that the features of eHealth service (A) came from an existing 

eHealth service nor that the features of eHealth service (B) originated from the 

collected patients’ feedback. The participants were asked to assess features of both 

eHealth services (A) and (B) using the rating scales of 1, 2, 3, 4 and 5. Scale 1 

represents poor service, scale 2 satisfactory service, scale 3 medium service, scale 4 

good service, and scale 5 excellent service. A Microsoft online survey form was used 

to collect the participants’ ratings. A text was added at the beginning of the Microsoft 

form to explain the participants the aim of the survey and that their data will be used 

anonymously for this paper only. The Microsoft form was communicated to the 

participants through several Finnish groups on Facebook and through the Tampere 

University Intranet news. The collected data comprised the participants’ age, gender, 

regions of Finland they come from, employment status, new feedback, and ratings of 

both eHealth services (A) and (B). The use of an online survey fitted the purpose of this 

paper, as the considered eHealth service are provided through online platforms that 

require participants to have devices with an Internet connection. Accessibility of the 

survey was an important aspect, and the survey content was designed in compliance 

with AA-level criteria laid down in the Harmonized European Standard EN 301549: 

2019 Accessibility requirements for ICT products and services, Clause 9. 

2. Results 

The survey was running from 19th of April 2022, when the first participants were active, 

until 10th of June 2022, when the last participation was received. Thereafter, no input 

from new participants was recorded. The survey was formally terminated on the 22nd of 

June 2022. Answers from in total 177 participants’ were collected. Only one participant 
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among the 177 participants declined to participate in the survey as this participant 

expressed his/her concerns about safety such as hacking or spam through Facebook. 

From the resulting 176 participants, 34 feedbacks were collected. The eHealth service 

(B) was favorable and scored on average 4.54 out of 5, whereas the eHealth service (A) 

scored on average 1.96 out of 5. The participants’ age distribution showed that 92% of 

participants were between 18 and 61 years, and 8% over 62 years. The participants’ 

gender distribution showed that 49% represented women, 47% represented men, other 

and undisclosed genders were 2% each. The participants’ employment status results 

were 50% employed, 31% were students, 15% were retired, 15% were unemployed and 

1% represented the other employment status. The overall results among participants 

showed that the eHealth service (A) features scored on average 1.96 out of 5 and the 

eHealth service (B) features scored on average 4.54. 

3. Discussion 

This paper introduces the following Patients and Organizations eHealth Services Model 

Figure 1: 

 

Figure 1. Patients and Organizations eHealth Services Model. 

The introduction of the Patients and Organizations eHealth Services Model is an 

attempt to enhance the way the Finnish hospitals eHealth services are offered. The 

current Finnish hospital eHealth services are organizations oriented rather than patients 

oriented. Organizations-oriented eHealth services follow a top-down approach (blue 

color) and their design is driven by organizations’ needs. In a top-down approach 

where the patients are passive, patients have almost no say in how the eHealth services 

are designed, offered or organized. In the bottom-up, patients-oriented approach (green 

color), the design of eHealth services is based on patients’ needs and the patients are 

active participants and drivers of the eHealth services. Organizations and patients need 

each other in delivering the appropriate eHealth services that meet the needs of both 

organizations and patients. 
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The results used to verify and support the validity of the introduced model in this 

paper are reliable and unbiased as the participants did not know that the features of 

eHealth service (A) originated from an existing eHealth service offered by a Finnish 

organization. Also, the participants did not know that the feature of eHealth service (B) 

originated from patients’ feedback. Uusimaa and Pirkanmaa represent almost half of 

the participants. Pirkanmaa has the highest participants’ records as the survey was 

published in Tampere University Intranet. Most of the participants from Tampere 

University do not originally live in Tampere.  

The regions, age, gender, employment status distributions, and new feedback in 

this paper are considered enough to verify the validity of the model presented in the 

Figure 1. The results showed that the eHealth service (B) was favorable and scored on 

average 4.54 out of 5, whereas the eHealth service (A) scored on average 1.96 out of 5. 

Furthermore, 34 participants provided feedback on the eHealth services through the 

survey demonstrating that Finns are highly interested in being an important active 

player in eHealth services. The provided feedback interestingly suggested combining 

both features from eHealth service (A) and eHealth service (B). Additionally, due to 

the COVID-19 pandemic, the feedback touched on the vaccine alternatives related to 

COVID-19, flu, and ticks. This is a sign that Finns are highly interested in finding 

information and guidance about health issues in the well-established eHealth service 

where they will be engaged and empowered to present their needs. 

4. Conclusion 

eHealth services are inadequate if they are not known to patients and do not fully meet 

their needs. Organizations that will design eHealth services, although they will use 

state-of-the-art information technology, they are required to collaborate with patients 

and continuously capture evolving needs of the patients. The Patients and 

Organizations eHealth Services Model (Figure 1) is the framework that can be utilized 

to capture the needs of both patients and health organizations. Furthermore, hospitals 

will be able to gain the trust of people and equipped with powerful tool to manage the 

health of their patients, overcome the abundance of misinformation in social media [5] 

and fight against current or future pandemic. 
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