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INTRODUCTION 

Relevance of the topic and an explanation of the work structure 

Reducing of mortality and increasing of survival rate in intensive care units are 

very relevant topics at any time. To carry this out, in recent times various medical 

equipments were created, new rules developed and large quantities of research 

carried out in the field of pharmacology, medical and information technology. 

Several investigations confirmed that artificial intelligence is able to reduce mortality 

and increase survival rate. (Gunawardane S. et al. 2009; Hanson et al. 2001).  

The topic of this thesis was not casually chosen by author. The author has a work 

experience in intensive care unit (ICU) (North Estonia Medical Centre). The idea of 

this master work is to demonstrate how to use decision support in ICU. Searching for 

and using relevant evidence in clinical practice is rather extensive and complicated 

task for clinicians.  If clinicians have out of date information this could be not 

effective or even dangerous for their patients. (Tanjong-Ghogomu et al. 2009). 

As quality and quantity of toxic medicines and drugs increases rapidly in intensive 

care environment, it is obvious that physicians responsible for lots of important 

decisions per day need more assistance. (Teich et al. 2005). 

One of the possibilities is to provide a more convenient workflow for doctors by 

implementing the use of Clinical Decision Support System (CDSS) into the hospital 

information system. There are different types of CDSS with various principles of 

work but for the thesis Evidence-Based Medicine electronic Decision Support system 

was chosen. The reason is that the Estonian E-health Foundation has a plan to run the 

pilot project of using EBMDS system in the end of 2012 year. This system is 

developed by Duodecim Medical Publications Ltd, a Finnish company owned by the 

Finnish Medical Society Duodecim who will support the project in Estonia. 
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The thesis consists of four main parts:  

1) Literature review  

2) Materials and methods 

3) Results and discussion  

4) Conclusion.  

The first part describes the EBMeDS system, general problems related to 

implementation of CDSS into hospital information system (HIS) and the benefits of 

using the EBMeDS system in a hospital. The second part contains challenges, 

description of implementing EBMeDS system on an example of ESTER2 HIS and 

suggests opportunities and problem solving. Also it contains the results of a 

questionnaire given to. Third part concludes the thesis.  

Thesis purpose and tasks 

The main purpose of the thesis is to analyze what benefits and problems will be 

faced by Estonian hospital intensive care unit management implementing the 

EBMDS system.  

To achieve this purpose the following tasks were put forward: 

 to describe EBMeDS system properties  

 to find out general problems of implementing CDSS in HIS 

 to find out the benefits of implementing CDSS in HIS 

 to analyze the ability of the EBMeDS and the ESTER2 systems to interact 

 to carry out questionnaires among anaesthesiologists and evaluate the 

availability of doctors to learn how to use the new system 
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Work limitations and difficulties 

Whilst writing the thesis two main difficulties arose: 

The EBMDS system is relatively new and there is insufficient literature or 

articles. There are enough materials about CDS but not about the application of CDS 

in ICU. Difficulties arose with getting information about the ESTER2 system. The 

ESTER2 system is applied to the North Estonia Medical Centre Foundation and the 

IT Unit of hospital has developed over ten years. Detailed information about this 

system was impossible to get as a paper and therefore to get the information needed 

the chief specialist of the ESTER2 was interviewed.   
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1. LITERATURE REVIEW 

The chapter of this literature review contains description of the EBMeDS. There 

are also considered the general challenges of the CDSS implementation learned on a 

research documentation. In the conclusion of the chapter shortly described benefits 

of the EBMeDS implementation.  

1.1. Description of the EBMeDS 

1.1.1. History of the EBMeDS 

A decision making concerning the care of every single patient consider the 

Evidence-Based Medicine (EBM) as reliable, precise, and reasonable up-to-date 

evidence. The use of evidence-based medicine represents both the best external 

clinical evidence from various sources of information and the unique clinical 

expertise. (Tanjong-Ghogomu et al. 2009). To form evidence is to find similarity in 

results of researches which use different methods. Systematic reviews can be more 

accurate than individual study, can analyse any differences and compare the results. 

To avoid any risk of dangerous interventions and to allow choosing the right program 

for an effective treatment systematic reviews and evidence-based recommendations 

are very valuable in decision making. (Anderson 2005). 

It is very important that the correct and effective evidence extracted from numerous 

sources of medical information is translated into expressions used in clinical practice.  

Patient should be also fully involved in decision-making process, so it is very 

important to introduce to patients the evidence applied, the possible advantages or 

risks and any alternative treatments. (Tanjong-Ghogomu et al. 2009). 

In Finland, application of evidence-based guidelines in primary care began since the 

late 1980s. Research evidence was introduced into practice by means of electronic 
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format, because it is more user- friendly and updating is easier. (Kunnamo et al. 

2005). Despite the fact that there are recommendations produced on CDs or as a 

paper version, the majority is still available on the Internet. Developers face the 

difficult task to store more than 1000 current recommendations in a way which 

allows keeping quality control. (Kunnamo et al. 2005). 

The concept of EBM Guidelines was brought to attention in 1987 as the obvious 

necessity for an evidence-based information source referring diagnosis and cure of 

the comprehensive range of diseases and conditions. The general practitioner Dr 

Ilkka Kunnamo faced the problem and organized the editorial process in 1988 with 

the help of the Finnish Medical Society Duodecim, the scientific society of Finnish 

physicians. (Kunnamo et al. 2005). 

During the 1990’s the Finnish version of EBMG became recognized nationally. Both 

the CD version and the Internet version are applied in almost all the Finnish primary 

health care centres. Hospitals and municipalities subscribe to Duodecim’s health 

portal that includes EBMG and the majority of the information for the editorial work 

is received from the subscriptions. The book containing 1000 main guidelines has 

been released every two years, and more than 30 000 manuals have been sold since 

1992. (Kunnamo et al. 2005). 

EBMG provides the evidence summaries for a plug-in decision support service -The 

EBMeDS. (Kunnamo 2010). 

The EBMeDS system brings evidence into practice by means of context-sensitive 

guidance at the point of care. (Duodecim 2011). 

1.1.2. Principle of work the EBMeDS  

The EBMeDS is a platform-independent service, which meant to be used along 

with different health information systems providing top quality structured data (e. g. 

Electronic Health Record (EHR)). (Interpreting decision support 2012). The 
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EBMeDS takes structured patient data from EHRs and sends back reminders, 

medical solutions and diagnosis-specific links to guidelines. (Duodecim 2011). The 

EBMeDS provides medical information and patient-related data, thoroughly selected 

and presented at right times to direct and correct the diagnosis and therapy of 

diseases and similar conditions, predict possible mistakes, and help to carry out any 

healthcare procedures. It is also available to apply the EBMeDS for analytical and 

study aim, such as data collection from populations. (Interpreting decision support 

2012).   

The conversion filter is the first part of the EBMeDS service. It translates incoming 

classification codes to indifferent pseudonyms and absolute finding values to values 

relative to reference values or SI standard values.  Accordingly the EBMeDS system 

can cooperate with many classification code systems, specific laboratory terms and 

various measuring equipment. (Duodecim 2011). 

The EBMeDS then will process the standardized data from the conversion filter. The 

EBMeDS scripts contain a program which creates the basic variables and objects.  

The program sends an order to a function library to carry out standard estimation 

requested by different EBMeDS scripts. (Duodecim 2011). 

The language of the scripts is the standard server-side JavaScript language executed 

by the JavaScript computer program of a web server application.  General scripts 

which are supported and edited by the EBMeDS staff are accessible for every 

customer on a global level. Qualified users can create national or local script 

collection for restricted access only or they may be shared with other customers. 

(Duodecim 2011). 

Scripts can receive the information stored in supplementary data tables.  These tables 

are text-only files there is no need for database application. The scripts are checked 

on a regular basis and always kept in working order.  But sometimes the best 

therapeutical methods can change promptly as a result of e.g. finding of drug side 



13 

 

effect, or in case of the newest medical intervention. In such situations, until the main 

script has been updated and the update applied and installed to the provider 

organisations using the EBMeDS, the system can show reminders founded on the old 

methods. (Interpreting decision support 2012). If there is a doubt that the script holds 

outdated evidence, the place to investigate is the script description. The script 

description has references to the evidence on which the scripts recommendation is 

founded. It also shows the time when the script was changed last. (Interpreting 

decision support 2012).   

The local EHR system creators who know the internal structures of the EHR have to 

develop and input to the EHR the Client Component. The Client Component extracts 

patient data from the EHR database and takes it to the EBMeDS unit in a 

standardized XML format. In return, the EBMeDS messages may be sent to the 

client and displayed in the EHR user interface. There is no standard interface 

component given by the EBMeDS designers as the Client Component must be 

particularly created for every EHR. (Duodecim 2011). The EBMeDS should be able 

to work in Windows, Linux/Unix and MacOS X operating environments. (Duodecim 

2011). 

The EBMeDS is developed by Duodecim Medical Publications Ltd, a Finnish 

company owned by the Finnish Medical Society Duodecim. Both the association and 

the company have a long-term cooperation with the Cochrane Collaboration, the 

GRADE Working Group, the Guidelines International Network (G-I-N) and the 

publishing company Wiley-Blackwell. (Duodecim 2011). 

The Cochrane Collaboration is international non-profit and self-supported 

organization, targeted to provide worldwide available modern and correct 

information about the health care effects. It publishes and distributes the results of 

new medical methods and support new studies and researches in form of clinical 

trial. The Cochrane Collaboration was established in 1993, and named after the 

British epidemiologist, Archie Cochrane. The Cochrane Library has got a supply of 
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easy to find sources of evidence and has a great number (3625) of survey information 

in range of subjects. It also gives a summary of findings tables with aspect of 

possible effects in concrete populations. (Tanjong-Ghogomu et al. 2009). The 

Cochrane has got the highest methodological standard in it is reviews why because 

the Library is the excellent source of the most credible and self-sufficient evidence to 

make decisions in clinical therapy. Variety of Cochrane surveys are carried out on 

different diseases and conditions, including musculoskeletal conditions. Cochrane 

surveys have got a brilliant reputation as the reliable source of pre-appraised 

literature for EBM practice. (Tanjong-Ghogomu et al. 2009). The EBMG designers 

are following the Cochrane Collaboration development and collaborating closely 

with the Cochrane Library. (Kunnamo et al. 2005). 

The GRADE development team began in the year 2000 as an unofficial group of 

individuals pointing out to the disadvantages of present grading systems in medical 

care. The purpose of organization is to create a very easy access to accurate evidence 

and reliable recommendations. In comparison to other systems users of GRADE can 

benefit of a wide range advantages:  

 Developed by multinational team of guideline creators  

 Quality of evidence is freestanding of affectivity of medical 

recommendations 

 Strict estimation of the results of alternative management methods 

 Definite, complex control after downgrading and upgrading evidence 

ratings standards  

 Clear procedure of moving from evidence to   medical advices 

 Obvious acceptance of values and advantages  

Practical explanation of advantages of strong recommendation against week advises 

for physicians, patients, and policy makers, valuable for systematic surveys and 

health technology evaluations, as well as guidelines. (Guyatt et al. 2008). 
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The Guidelines International network, G-I-N is a worldwide association, 

established in 2002. At the moment it includes 93 organisations and 89 individual 

members representing 46 states from all around the world. The network promotes 

evidence-based medicine and advanced health outputs by reducing insufficient 

modification worldwide. G-I-N's is to manage, enhance and sustain cooperation and 

to work within the guideline elaboration, adaptation and introduction community. 

(The Guidelines Internaiol Network 2010). 

Wiley-Blackwell, the Wiley's Scientific, Technical, Medical, and Scholarly business 

is one of the world-known academic and professional publishers and the biggest 

society publisher. It was established in February 2007 by combining Blackwell 

Publishing with Wiley's global Scientific, Technical, and Medical business. Wiley-

Blackwell publishes approximately 1,400 scholarly peer-reviewed journals and 

massive collection of books, reference works, databases and laboratory instructions, 

both on a paper and electronically, in the life and physical sciences, health care and 

allied health, engineering, the humanities, and the social sciences. Wiley-Blackwell 

has activities in the United States, the United Kingdom, Europe, Asia, and Australia. 

(Wiley 2012). 

1.2. General challenges (or problems) of the implementing CDSS into ICU. 

The notion of CDSS includes the applying of computer algorithms that can 

transform the initial data into valuable information while suggesting a base for 

setting up the expertise and knowledge of forward-looking experts in a specific area. 

A clinical CDSS is identify as a system especially created for medical staff  to 

operate by providing a software application that cover the health care rules, data 

processing, or know-how for the therapy or diagnosis of specific diseases or injuries. 

(Salinas at al. 2011).  
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The CDSSs can be divided into various groups or taxonomies on a basis of their 

application and role within their environment. The CDSS is broken down into two 

general categories: knowledge-based CDSS and non-knowledge based CDSS. The 

knowledge-based CDSS includes two subcategories: a rule-based CDSS and an 

evidence-based CDSS. The non-knowledge based CDSS includes two subcategories 

also: a neural network and genetic algorithms. (Abbasi & Kashiyarndi 2010). It 

seems that the EBMeDS refers to the subtype of the knowledge-based CDSS and for 

this research were used materials where were described the knowledge-based CDSS, 

due to lack of materials about the EBMeDS. 

The intensive care unit is an environment loaded with data, where information 

technology may increase positive results of patient treatment by improving 

availability of medical records, reducing mistakes, controlling agreement with 

quality standards, and giving decision support. (Lapinsky et al. 2008).  

The introducing of reliable clinical decision support is a complicated mission 

engaging communications between technologies and organizations, and there are no 

simple solutions for obvious success, or for preventing possible risk of failure in this 

complicated process. (Purcell 2005). There are not only technical issues to defeat but 

a significant collaboration with users and medical personnel are necessary for the 

project to be successful. (Gilchrist 2008). A high level collaboration with users of the 

system and medical personnel is significant for use expansion, mistakes decrease and 

preventing compatibility issues for the system. (Gilchrist 2008). Being familiar with 

the clinical workflow and user’s requests would build up the chance for success. 

(Scheepers-Hoeks et al. 2009). 

1.2.1. Human-computer interaction 

A crucial element of an effective CDSS is a collaboration of a human and a 

computer; access to the system should be simple and safe at the same time 

Physicians are highly occupied and have many various problems to face. Speed is 
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extremely important for clinicians so   the decision support system should be 

assigned to spend as less amount of physician’s time as possible; this includes time 

to logon to the system and time to receive the necessary information. The CDSS 

must be user-friendly, natural and ensure simple access to information. (Frize et al.  

2010). 

In addition, it is more suitable for clinicians if the information can be received from a 

mobile CDSS, or one with many workstations, rather than from a single unit that 

may be placed on a distance. Other significant point of the human-computer 

interaction is the user-interface. (Frize et al.  2010). 

It is particularly significant to have a good collaboration with the system users and 

medical staff working with the equipment. If all the group members are familiar with 

the stages of the project and realise it is prospective and significance, there is less 

chance that anything to run the project, for example equipment purchases, would not 

be done without an advice of the stakeholders. This should prevent possible 

interaction and integration problems with new components. (Gilchrist 2008). 

It is also a fact that the physical attendance of the developer and consideration with 

the medical personnel about the significance of their participation result a big 

enthusiasm of the team. If the medical personnel knows that their active involvement 

leads to improved quality information, which in the future can help them and their 

patients, could improve new procedures acceptability. (Gilchrist 2008). 

Some physicians do not tolerate computerized expert systems because as; some 

might feel they are just an inconvenience, while others might find dangerous the fact 

that devices will decrease the benefits of face to face interaction. (Yang et al. 2004). 

Independent opinion and decision making may be decreased by electronic decision 

making when either clinicians or patient rely too much on it. (Varonen 2008). 

Clinicians worry about a potential big amount of clerical work needed to register all 

the data. (Varonen 2008). Clinicians not agree with the proposition not to act, even if 

the action is practically always ineffective. (Bates et al. 2003). 
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The younger physicians have the most enthusiastic attitudes, and the criticisms are 

mostly presented by older physicians and those from primary care. This latter is 

probably related to the fact that primary care physicians have longer practical 

experience with computerized patient records than those working in secondary care. 

(Varonen 2008). 

One research result shows, that most physicians who tested the system said, that it is 

difficult to manage. They admitted that this would not be a case if they were more 

informed about the system. Still, this meant spending some time outside a 

consultation to study the system; they didn’t like the idea to try the system during an 

appointment with patient because of the risk of “getting lost.” Physicians did not 

accept the computerised decision support system because they think it complicated 

and they don’t feel it brings any improvement in to practice. (Rousseau et al. 2003). 

Last but not least, the responsibility and involvement of clinicians as everyday users 

is necessary for success. (Scheepers-Hoeks et al. 2009). To make sure that medical 

staff is using the system in their day to day practical activity, developers of CDSSs 

must collaborate closely with the users at every stage. Without this cooperation, it is 

quite possible that the innovative software won’t be used by clinicians. (Frize et al.  

2010).  

It is extremely necessary to establish a wide range of the clinical rules before 

introducing them into practice to provide trustworthy recommendations. Also, 

classification of warnings is very necessary for the successful result. (Scheepers-

Hoeks et al. 2009). 

As well the research will detect at what point a warning actually became effective 

before implementing the warning into practice. (Scheepers-Hoeks et al. 2009). 
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1.2.2. CDSS updating  

The main target is keeping the CDSS algorithms updated.  Because the patients 

care improves from time to time, the CDSS can simply become out of date. (Frize et 

al. 2010). After CDSS’s establishing is completed, for its prolonged success is 

necessary that the software and recommendations stays upgraded. Technical support 

is significant to provide a perfect link between the CDSS and the EHR. To keep the 

content in proper is necessary to guarantee that the clinical rules stay applicable as 

per latest evidence-based guidelines. Occasionally modifications are needed after 

implementation when it turns out that the effect is not as expected or physician’s 

expectations are not met.  (Scheepers-Hoeks et al. 2009). 

 

Technical support covers the maintenance of the CDSS using, installing updates and 

new versions of the CDSS (and EHR) and testing the technical side of the CDSS free 

of errors performing. Because a CDSS receives data from other information systems 

e.g. EHR, it is significant that technical testing of the CDSS is also executed after 

installing updates or new versions of other information systems e.g. EHR. 

(Scheepers-Hoeks et al. 2009). 

 

A problem that has been met in the past is that CDSSs are generally developed with 

soft funding such as donations, subsidies and grants. When the finance come to the 

end, making sure that system is up to date is too difficult, so it is important that 

systems are created to have inbuilt automated updating devices. One way to do this is 

to make the CDSS able to automatically deprogram  itself from time to time. (Frize 

et al.  2010). 

1.2.3. Data gathering 

It is significant to collect the correct data and design a highly trustworthy clinical 

rule with technically accurate and clinically applied recommendations. (Scheepers-
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Hoeks et al. 2009). The data input into the CDSS is one of the main reasons of  

CDSSs to be unsuccessful. (Frize at al. 2010). 

Between performing and technical support is the maintenance of the information and 

parameters use. When a parameter, location or database design are modified for the 

information systems that provide the CDSS with data, the data vocabulary of the 

CDSS should be modified relatively. (Frize at al. 2010).  

The majority of information about patients which is not monitored by computerized 

equipments is accessible only as free style language statements by clinicians. These 

information can be keyed in directly by a physician or copied from dictation or 

handwritten records. (Clifford et al.  2008). The applying of ‘free-text’ in the data 

supplying information systems should be reduced to an absolute minimum. Typing 

errors or misunderstanding the idea of the text doesn’t allow the correct working of 

the CDSS. (Scheepers-Hoeks et al. 2009).  

An effective CDSS will be capable to retrieve information with as less user 

interaction as possible. If there is a need of manual data input, system 

implementation will be more successful if clinicians are not expected to do this. 

(Frize et al. 2010).  

 

1.2.4. Output of the system 

All medical personnel encounter with growing lack of time and can ill allow 

waste even more time searching bits of information. Easy making information 

available electronically, while rather than nothing, has little result. System can 

maintain important function of collecting and making connections between parts of 

data that physicians might omit because of the large volume of information. (Bates et 

al. 2003). A CDSS should be of medical value to clinicians, increase the quality of 
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care and decline expenses of health care delivery. The CDSS must blend with the 

clinician’s workflow and ensure them with valuable information. (Frize et al.  2010). 

The system output format and kind are dependent on what clinicians need. Each 

physician has various work habits and thereby may have various demands for this 

function. This changes the improvement of an efficient CDSS more complicated, but 

this is significant for a successful output. The format in which the data is collected 

should be simple and useful. (Frize et al.  2010). As with each electronic system, 

speed is a quite significant parameter for user adoption. (Scheepers-Hoeks et al. 

2009). It is not sufficient for the data a supplier must just be accessible somewhere in 

the system- application must predict physician’s needs and provide information to 

physicians at the right time. (Bates et al. 2003). If the speed of the system is slow, 

customer contentment reduced visibly. This parameter is needed most by clinicians 

thus it should be a main factor of the CDSS. (Scheepers-Hoeks et al. 2009). The 

decision support is marvelous, but if it spend too much time, it will be inefficient. 

(Bates et al. 2003). Worldwide acceptance of an EHR must be accelerated, as this is 

a precondition for CDSS implementation. (Scheepers-Hoeks et al. 2009).  

Achievement with alerts, guidelines, and algorithms depend essentially on 

implementing suggestions with practice. Awareness physician workflow, especially 

when designing systems for the outpatient setting, is vital important. (Bates et al. 

2003). An efficient system must reduce the job demanded by physician to get and act 

on systems recommendations. A CDSS will differently have no useful result and will 

not be applied. (Scheepers-Hoeks et al. 2009). The productivity of systems in which 

users are automatically prompted to use the system is essentially more efficient, 

compared with researches in which users were must to actively initiate the system. 

Also a better positive effect is noticeable when a advice is prompting for an action 

and not ignorable. (Scheepers-Hoeks et al. 2009). 

Necessary features of CDSS cover smart information and smart alerts. As regards 

clinical decision alerts, there should be a balance between too many and too few. 
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Without an adequate quantity of alerts, it may be complicated to reach the clinical 

and economic advantage of having the CDSS. (Frize et al.  2010). Also 

recommendations should be delivered at the moment of decision making, though 

with as insignificant disturbance for the clinician as possible. Therefore various alert 

mechanisms (pop-up, automatic lab order, prescription order, email, etc) should be 

designed, appropriate for various alerting priorities. (Scheepers-Hoeks et al. 2009). 

Overmuch alerts bring disturbance to clinicians, which is unwanted particularly if the 

alerts have a low specificity (high rate of false alarms). Some physicians desire more 

alerts while others only prefer to be notified for the most important ones. (Frize et al.  

2010). It is obvious that if many proposals are received that seldom are useful, 

physicians will simply ignore and neglect even very critical suggestions. (Bates et al. 

2003). 

An important addition to the recommendation is to show the source of the 

information and the explanation of the foundation for the guideline.  Various 

guidelines exist and these are unceasingly renewed, which makes it complicated to 

keep up with all alerts, it is an important addition that literature references and web-

based evidence are accessible when desired. (Scheepers-Hoeks et al. 2009). 

Also a frequently mentioned obstacle to implementation is weak computer skills 

among clinicians. This must be attentively taken into account within the development 

of the alerts. New generation clinicians, such as medical students and junior doctors, 

may offer a higher level of computer literacy to clinical practice and promote 

implementation of a CDSS in practice. (Scheepers-Hoeks et al. 2009). 

In summary, there are many failures of the systems used today, that can be solved 

with these new advanced decision support systems. (Scheepers-Hoeks et al. 2009). 
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1.2.5. Responsibility for CDSS 

High quality of IT maintenance will provide effective implementation of 

CDSS. (Trivedi  et al. 2009).  

There are two types of maintenance, functional and technical, responsible for 

different aspects. It should be an exact statement, who is responsible for the 

content of the software and all the characteristics used in these clinical rules 

(functional). As a rule this is a task for the medical professional to design, 

control and bring out these clinical guidelines. (Scheepers-Hoeks et al. 2009). 

The accurate data entry has also to be the responsibility of the specialists, who 

should be stimulated to avoid possible harm of incorrect notes. (Varonen 

2008). Technical maintenance means the maintenance of the CDSS software, 

carrying out updates and new versions of the CDSS (and EHR) and testing the 

technical correct functioning of the CDSS. Because a CDSS takes data from 

other information systems e.g. EHR, it is significant that technical testing of 

the CDSS is also run after any updates were installed or new versions of other 

information systems like the EHR were provided. Normally the ICT 

department is responsible for this. Also, innovative reporting-systems should 

be capable for warning and sorting out any mistakes of the CDSS. If nobody 

pays attention to a mistake or defect of the CDSS, the patient can be in danger 

without anybody noticing it. The responsibility of the functional and technical 

maintenance of the CDSS should be exactly indicated and all necessary time 

and finances should be accessible for medical staff and the hospital IT –

department. (Scheepers-Hoeks et al. 2009). 

For all the users there should be clear information about and an easy access to 

contact details of the personnel responsible for system maintenance in case of 

any problems. Usually a simple phone call the right specialist can reduce 

frustration and help to solve the problem. (Gilchrist 2008). 
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Arrangement should be made between the hospital departments about the 

placement, privilege and content of warnings of the CDSS, the method they 

should react to them and the content of guidelines. (Scheepers-Hoeks et al. 

2009). 

1.2.6. Bed-side monitoring 

Electronic system have been applied to the ICU for several decades, including 

automated arrhythmia analyses of the bed-side electrocardiogram and level of 

oxygen saturation warning from the photoplethysmograph. However each equipment 

works in its own way with reference to related signals or patients previous medical 

data, such a genetics or medical history. Some personal patient’s data is applied for 

particular purposes only, for example body weight (for the adjustment of drug rates), 

allergies (to limit medications) and age (for arrhythmia alarm thresholds). However, 

automated use of such information is rare. (Clifford et al.  2008).  

Despite of the large amount of electronically available data, the synthesis and 

transcription of information is done by hand in many of modern ICUs with limited 

preprocessing. Nurses spend lots of time transcribing data from monitors onto paper 

notes. Information can be misplaced, simplified or wrongly interpreted in the 

process. In addition, because a patient with more serious conditions needs more 

attention with definitely less time for data reading, it is for this patient the extract 

data is most vital for physicians for further review and analysis. (Hanson et al. 2001). 

At the moment, even despite the fact that patients in ICU are constantly monitored, 

the monitors will only set alarms up in case if abnormal values are received. Also if it 

is not taken into consideration immediately at the moment of measurement, the 

monitored data is normally erased. Clinicians decision normally based on their 

practical knowledge and clinical data provided (e.g. patient chart sheets but no use is 

made of the huge quantities of data, which are automatically gathered through 

bedside monitors. (Hanson et al. 2001). 
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It is extremely useful to accept  that the bedside data must be obtained and brought 

up to standart to became information which a professional must interpret source for 

diagnostic and/or medical personnel would be more careful connecting patient’s 

monitoring devices to the data gathering port so data is received and recorded for 

each patient. (Hanson et al. 2001). 

As patient are moved throughout the day the software users need to be more precise 

in keeping track of the correct patients from whom data is collected from the several 

monitor stations. In this new way the current patient’s data will be used at it appears 

what will allow to analyse correctly the patient’s condition at the moment. (Gilchrist 

2008). 

This new attitude will applied up to date patient information, as it occurs, to rather 

estimate the current state of the patient being monitored. By considering the data in 

on-line, the models provide the exceptional capacity to detect medical events as they 

occur and supply immediate feedback to clinicians via an alert and warning system 

that will be integrated into the system. This would dramatically improve the CDSS 

productivity giving more efficient forecast for ICU patients. (Gilchrist et al. 2008). 

1.3. Benefits of the EBMDS system application. 

Goals of implementing advanced CDSS are to decrease errors and improve patient 

safety, improve quality through adoption of best practices, increase cost-

effectiveness and optimize the management of chronic diseases. (Scheepers-Hoeks et 

al. 2009). 

1.3.1. Effective time distribution 

The system is not anticipated to replace the clinicians but to play a basic 

supportive role making sure that the medics could more precisely identify patient 
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conditions differences and be able to keep track of patient response to the therapy. 

Thereby, the communication model of the software would let the medical specialists 

use their precious time proficiently, increasing at the same time operational 

productivity of the ICU's. (Gunawardane et al. 2009).  Clinicians are facing a 

challenge to invest time to another computer system. All the medical personnel 

encounter with lack of time and increasing data volume.  There are so many different 

kinds of treatments that clinicians cannot efficiently keep track of them all.  A CDSS 

can time-saving by making links between various data fields, which could be easily 

missed by clinicians because of the huge amount of data.  As a very essential success 

factor, time-saving can be attained by making it simply to do it correctly.  It is 

significant to establish the correct balance between over- and under 

recommendations in agreement with what the end-users of the software would like to 

achieve and to assure users that the benefits of using the system does worth the time 

spent to learn it. (Scheepers-Hoeks et al. 2009). 

1.3.2. Cost-effectiveness 

The expenses of health care continue to increase, and people don’t want to pay for 

medical care as much money as used to. At the beginning the reason for increasing of 

expenses was the expanding penetration of controlled care to make sure that 

important care is provided while the amount of unnecessary care is brought down. 

Nevertheless, even in most controlled cases of care lots of pointless actions get done, 

while other very valuable interventions never been proposed just because the amount 

of potentially useful things is so large that clinicians cannot effectively track all of 

them. (Bates et al. 2003). Researches in Wisconsin in 2004 indicated that CDSS 

reduced expenses. Physicians who accepted evidence-based recommendations had 

essentially lower prescription costs than those in the control group. The average price 

per new prescription was $4.16 lower (P = .02) in the experimental group, and the 

average price for new and rewritten prescriptions was $4.99 lower (P = .01). The 6-

month money saving from new prescriptions and their top-ups adds up to $3,450 per 
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physician. (McMullin et al. 2004). Applying CDSS during the prescribing process 

can change physician's decisions toward more evidence-based care and dramatically 

reduce primary care prescription expenses. (McMullin et al. 2004). 

1.3.3. Quality improvement of care 

Information systems represent a vital and not enough used device for control and 

increase of both reliability and quality.  Particularly when it is united with an 

electronic record, CDSS is one of the most powerful methods to change clinician 

performance. Some can see this method as a risk of diminishing of clinician 

independence. (Bates et al. 2003). Despite the fact that there are still reasons for such 

worries, the CDSS can produce the best evidence-based practice automatically, 

without demanding addition thinking or work. This permits the medical specialists to 

concentrate on the fields which need extra attention and to give to each personal 

patient the care required. This not only improves patient safety, but protects clinician 

as wells by decreasing the risk on negligence claims. At the same time, the software 

capable to advance medical skills through a study result of the corrective 

recommendations. (Scheepers-Hoeks et al. 2009). 

Research showed that a CDSS capable to advance patient results by acting as an  

addition that provides supplementary knowledge, information, and advices to assist 

providers at both the acute and routine stages of health care. (Salinas 2011). 

Studies have identified also that a CDSS capable to advance patient results by acting 

as an addition that provides supplementary knowledge, information, and advices to 

assist providers at both the acute and routine stages of health care. (Niemi et al. 

2009). 
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1.3.4. Medication error reduce 

Despite the modern medication safety system medication errors still happen quite 

often as a result of insufficient general health care. Additionally, because of the 

constantly increasing complication of evidence based medicine and the law level of 

error sensibility in healthcare. Clinicians have to consider a big amount of 

medication used, specific patient’s conditions and requirements, but medical 

literature  gives  evidences that this fact can be easily ignored or not identified in 

time. (Scheepers-Hoeks et al. 2009). Practice has demonstrated that despite the 

accessibility to the EHR, still many medication mistakes are made. Thus, CDSS are 

created a special system, aimed to help clinical decision-making by matching patient 

conditions and requirements to computerized knowledge or rule basis to produce 

patient-specific advices. (Scheepers-Hoeks et al. 2009). 

The practice guidelines can be characterised as an effort to extract a reliable, user- 

friendly format out of the whole extensive clinical expertise. If the application of 

guidelines into clinical practice is successful, there is a proof that guidelines are very 

helpful in changing the methods and result of therapy. (Kunnamo et al. 2005). 

Researches carried out for estimating the influence of decision support systems to 

clinical practice demonstrated, that overall, 48 of the 71 decision support systems 

(68%) noticeably advanced clinical practice.  (Kawamoto 2005). 
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2. METHODS AND MATERIALS 

Methods 

There were used different methods to solve the tasks raised in the thesis. To 

evaluate an ability of doctors to learn the use of the new system quite a few 

anaesthesiologists were surveyed. For the survey were chosen all four ICUs in 

Tallinn, two in NEMC, one in East Tallinn Central Hospital and the last one in West 

Tallinn Central Hospital. All of the anaesthesiologists practicing at these four ICU 

except three of them, who hasn’t got an e-mail in a hospital database, received an e-

mail link with a questionnaire. The survey was sent to 41 anaesthesiologists and to 2 

resident doctors, who were trainee in ICU at the time of the interview. Link with the 

survey was available during one month. To create the survey web-site 

www.connect.ee was used. 

A comparative analysis was chosen to analyze the ability of the EBMeDS and HIS 

systems to interact. Two kinds of patient data were compared: a data required for a 

productive work of the EBMeDS and a patient’s data, already available in the HIS. 

Also was considered a form of the data. 

The analysis of the EBMeDS requirements was based on a list of scripts introduced 

to ICU. It was compared with HIS ESTER2 system, which in 1999 was applied to 

NEMC and during approximately ten years has been developing by NEMC IT 

department specialists.   
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Materials 

The majority of the sources used in the thesis are research documents. They were 

extracted from Web using different search engines such as IEEE Xplore, MedPub,   

EBSCOhost Web, ACM Digital Library, JSTOR. Also was used one instruction of 

use of the IntelliVue Patient Monitor.  

Detailed information about HIS ESTER2 system was impossible to get as a hard 

copy and therefore to get the information needed Sirje Kaarna, the chief specialist of 

the ESTER2 was interviewed.   

To analyze the data required for the EBMeDS a list of scripts applied to Critical Care 

by Duodecim Mediacl Publications Ltd was used. The list of these scripts was e-

mailed to Author from Duodecim Mediacl Publications Ltd by Editor-in-Chief Ilkka 

Kunnamo. 

The survey was compiled on an example of the research in Wisconsin hospitals.  

(Wright et al. 2007). It contains four general questions about implementation of the 

EBMeDS: 

 Are you familiar with the EBMeDS and how it is used in medicine practical? 

 How do you think, does the EBMeDS have the capacity for improving patient 

care? 

 Are you open for learning and using the EBMeDS? 

 Do you believe that the EBMeDS may reduce your decision in prescribing? 

Also it contains four fields about respondents: specialty area, work place, years in 

practice, quantity bed places under responsibility. 
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3. RESULTS AND DISCUSSION 

In the following chapter the work results are considered in a form of a discussion. 

The first chapter contains consideration of problems brought up in the ICU by the 

implementation of the EBMeDS on an example of ESTER2. In the second chapter 

the results of the survey carried out amongst Tallinn ICUs anaesthesiologists are 

reviewed.  

3.1. Survey results and discussion 

3.1.1. The survey results 

The link to the survey was e-mailed to 41 anaesthesiologists of Tallinn ICUs and 

2 resident physicians. A total of 19 physicians responded to the survey. All of the 

respondents (100%) are anaesthesiologists, resident physicians are 0%. The majority 

of respondents reported have been practicing for more than 20 years (<20 years 

[47,4%], 1-10 years [26,3%], <10 years [21%], <30 years [5,3%]). Physicians from 

East Tallinn Central Hospital participated most actively (57,9%), anaesthesiologists 

of NEMC were less interested (26.3%) and the least active were doctors from West 

Tallinn Central Hospital (15,8%). The most of respondents have 9-10 patients in the 

department (63,2%), 21% of physicians have <10 patients and  15,8% -have 3-8 

patients during a working day.  

In a Table 2. are presented the survey results. The survey consists of 4 questions.  

Question Yes No Do not know 

Are you familiar with 

the EBMeDS and how 

it is used in medicine 

 

 

5,3% 

 

 

94,7% 

 

 

not available 
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practical? 

How do you think, 

does the EBMeDS 

have the capacity for 

improving patient 

care? 

 

31,6% 

 

10,5% 

 

57,% 

Are you open for 

learning and using the 

EBMeDS? 

 

84,2% 

 

0% 

 

15,8% 

Do you believe that 

the EBMeDS may 

reduce your decision 

in prescribing? 

 

 

15,8% 

 

 

42,1% 

 

 

42,1% 

Table 2. Results of survey 

Respondents also had an opportunity to leave the comment for the last 3 questions. 

Out of all the respondents the comments were left by 3 (15,8%) physicians. During 

the survey the following opinions were expressed: "A treatment depends on the 

quality and competence of personnel activity only, the EBMeDS can not improve 

that" (anaesthesiologist, 20 years in clinical practice). By the same physician was 

commented: "Assuming that in the hospital is a well established HIS, the EBMeDS 

should trace only the bed-side monitoring data and exchange physician-nurse 

prescriptions" (anaesthesiologist, 20 years in clinical practice). Another physician 

wrote "If the EBMeDS is easy to use and it simplifies work, I am ready to learn it" 

(anaesthesiologist, 1 year of practice).  
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3.1.2. Results of the survey discussion 

Less than half of the potential participants took part in the survey. On the one 

hand it could show that the physicians are not very much interested in the 

innovations. But on the other hand according to the fact that the survey was send by 

e-mail, it is possible to assume that physicians are not using computers frequently. 

The significant part of those who completed the questionnaire have got a long term 

experience working in medicine, some of them for more than 20 years, and this can 

be seen as a very positive side of the survey result.  It means that not only young 

physicians but also more mature specialists of the age of 45-50 years old, who are the 

majority of the respondents,   are interested in innovations. Despite the fact that the 

biggest part of the participants is ready to learn, the only one of them was familiar 

with the system. 

The question about an improvement of patient care shows a strong uncertainty of the 

participant's. But it is obvious because respondents haven’t got an experience with 

the system. A few negative answers to the question mean that the physicians refer 

optimistically to innovations. This fact can be treated as a positive result of the 

survey.  

The last question shows, that a few physicians are afraid to lose a power in decision-

making in prescribing. Nevertheless the number of self-confident doctors was the 

same as number of those who can’t estimate the confidence. The last ones either had 

fears or did not understand principle of EBMeDS work. 

In a whole the survey shows positive results. Anaesthesiologists of Tallinn ICUs 

perceive optimistically to the innovations and they are ready to learn the new system. 
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3.2. Review of the problems related to the implementation the EBMeDS into 

HIS on an example of ESTER2. 

3.2.1. Consideration of general problems in the ICU related to the implementation of 

the EBMeDS  

Human-computer interaction. Users of the EBMeDS shouldn't face the 

problems to obtain the information, because the system analyses the data and sends 

recommendations to users automatically. If the design of the interface is user 

friendly, there shouldn’t be any problem with a confident operating of the program. 

Designing and implementing of the EBMeDS could be a challenging task because of 

the widespread human fear of innovations. This means that not only Developer’s or 

Hospital Management’s but also a potential User’s opinion should be considered 

when designing the interface. 

To establish what kind of design can be used for the EBMeDS's and what physicians 

in Estonia would need in the ICUs, it is important to carry out a pilot project.  The 

pilot project also would help to correct initial mistakes in the interface.  

If the implementation will be carried out by the hospital management correctly and 

competently there shouldn’t be any problem using the EBMeDS by medical 

professionals in the future.  

An output of EBMeDS system also depends on the physicians needs. A speed of the 

system response, reliability and effectiveness are very important factors for the 

output. 

Speed of the EBMeDS response depends on the speed of the HIS where it is 

integrated. If speed of the HIS is low, response of EBMeDS can not be high. 

Patients in the ICU have got serious diagnoses and reliability of sources could be 

sometimes even vital. The physicians have to trust recommendations they receive 
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from the EBMeDS. The EBMeDS allows check the reliability of the source through 

a reference within the recommendation. 

Also the automatic work of the EBMeDS is making use of the system more 

convenient.  

 

The updating of the EBMeDS is a very important part, otherwise an obsolete 

contents of the scripts would make it non effective. But for developers this task is not 

difficult, because the EBMeDS can be installed as a local service or as a centralized 

solution servicing many organizations at the same time. (Duodecim 2011). The 

updating of scripts can be done by the developers without an intervention into the 

HIS. 

Another issue in this area is an updating the patient’s data. The EBMeDS has to be 

sensitive for every data updating because it is very frequently updated in the ICU. It 

would be very reasonable to analyse patient's data in ICU every 2 hours, providing 

that the data of the bed-side monitoring and medications is getting constantly 

registered into HIS. Not a regular data analysis can lead to a failure, because the most 

of the recommendations will be out of date and the physicians will ignore the 

EBMeDS. 

Every data input should be followed by the analysis as soon as possible. For 

example, after a new medication prescribing the EBMeDS has to analyse allergies, 

medications interaction, weight, age, bed-side monitoring parameters and diagnosis.  

But not all the data needs to be analysed regularly, otherwise the HIS will be 

overloaded. Only the bed-side monitoring has to be analysed every 2 hours. In case if 

a new procedure has been prescribed, the system doesn’t need to analyse such data as 

previous vaccinations e.g. Patient's data analysis should be well systematized. If 

analysis will be carried out chaotically the EBMeDS will lose its reliability. 
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Bed-side monitoring data gathering is quite a problematic part of the ICU workflow. 

At present nurses register data on a paper (patients chart sheets) creatively 

interpreted, averaged, and incorrectly transcribed in the process. But this data is not 

reliable enough, because some nurses are young and haven’t got much experience 

working in the ICU, and therefore they can not read artifacts.  

If the bed-side monitoring data would be collected, processed and registered by the 

HIS, all this information would be more reliable and more correctly estimated by the 

EBMeDS.  

A responsibility for the system’s work. In the implementation of the systems with 

such a big volume not only one person but a whole team is taking part. And every 

specialist of the team is responsible for a certain part of the work. At present there is 

an IT department in every hospital, and this department would be responsible for the 

technical part of the implementation. It is also important to have medical 

professionals in the IT team. They need to supervise the workflow from the point of 

view of medicine to minimise any risk to harm a patient when using a new system. 

All the system's tests and the pilot projects should be carried out under the 

supervision of medical professionals as well. 

It is very important to create a successful collaboration of the IT-department and the 

physicians.  It has to guarantee less disorder in the system's workflow and more 

successful implementation of the EBMeDS. 

3.2.2. The review of the EBMeDS and ESTER2 interaction  

In the Table 1. there are  presented the EBMeDS's requirements to certain patient 

data and availability patient’s data in HIS ESTER2 at present.    

Type of Data Data required for 

successful the EBMeDS 

system work 

Availability of 

the data in the 

ESTER2 

Comments 
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Medications Has primary function in the 

ICU as patient receives a lot 

of medication. 

At the same time the 

EBMeDS system is able to 

analyze drug interaction and 

give valuable 

recommendations. 

Available as 

structured data. 

At present in the 

ESTER2 system 

antibiotics and 

expensive medications 

only are registered.  

If the HIS does not 

contain objective 

information about the 

medication  

patient receives, the 

EBMeDS can’t evaluate 

the situation and 

suggest a correct 

reminder or an advice. 

Procedures Has primary function in the 

ICU, as a patient could get 

multiple procedures per day. 

If any vital procedure is not 

assigned, the EBMeDS can 

recommend  that. 

Available, 

procedures 

coded with the 

NOMESCO, but 

the procedure 

result is 

described in a 

free text. 

The EBMeDS is able to 

see what kind of 

procedure has been 

done but not able to 

read a free text of the 

result.   

Laboratory tests Has primary function in the 

ICU, as a patient can have 

the blood test done every 24 

hours, even more often if 

necessary. Also other 

samples could be taken. 

Moreover, the patient 

receives a lot of 

medications, which could 

change blood, i.e. 

Every laboratory 

test is available 

but the coding 

system is not 

generalized. Any 

laboratory test 

results from 

other medical 

foundation can 

also be seen on 

In the ESTER2 there 

will be a generalized 

system for laboratory 

tests identical to the 

LOINC. The EBMeDS 

supports the LOINC 

and this also helps to 

avoid problems. 
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potassium. 

Laboratory tests recognize 

the problem immediately 

and give an opportunity to 

the EBMeDS system to 

prevent a patient’s critical 

condition.  

the ESTER2. 

Current diagnosis Has primary function in 

ICU. On the basis of a 

diagnosis the EBMDS 

system is able to give the 

correct recommendations for 

a treatment.  

Available, coded 

with the ICD-10. 

Should be interpreted 

correctly by the 

EBMDS system. 

Chronic diseases Has primary function in the 

ICU. A patient with a 

chronic disease needs to 

receive medications 

permanently what makes the 

drug interaction problem 

more actual. Also because of 

affected organs some 

medications can not be 

prescribed. All this 

information should be 

processed by the EBMeDS. 

 

Available, coded 

with the ICD-10. 

Should be interpreted 

correctly by the 

EBMeDS system. But 

some chronic diseases 

are registered in the 

EHR which doesn’t 

allow save this 

information to the 

ESTER2 system. 

Consultant advise Has primary function in the 

ICU.  

The EBMeDS system can 

recommend an advice of the 

Consultant if needed. 

Available as 

structured data. 

The EBMeDS system is 

able to read structured 

data and can decide if 

the  consultant advise is 

needed. 

Gender Has primary function in the Available as The EBMeDS system is 
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ICU. The EBMeDS system 

can analyse laboratory test 

results according to 

reference values which are 

different for male and 

female patients. 

structured data. able to read structured 

data and can analyse is 

the patient male or 

female. 

Age Has primary function in the 

ICU. A medication dosage 

depends on the patient’s age. 

If the EBMDS system has 

got this information, it can 

recommend the optimal 

dosage. 

Available as 

structured data. 

The EBMeDS system is 

able to read the  

structured data and can 

act depending on the 

patient’s age. 

Bed-side 

monitoring 

 

Has primary function in the 

ICU, as this is one of the 

main sources of information. 

Bed-side monitoring results 

analyzed by the EBMeDS 

system can prevent critical 

conditions of the patient. 

Not available. An opportunity of the 

bed-side monitoring 

data integration to the 

ESTER2 has been 

considered but problem 

not solved yet. 

Body temperature Has primary function in the 

ICU.  

The EBMDS system can 

give recommendations 

depending on body 

temperature monitoring 

results. 

 

Not available. Body temperature is 

marked by a nurse on a 

Patient’s Chart every 2 

hours. It is impossible 

to input all these results 

into the ESTER2 

system. In the ICU it is 

possible to measure 

body temperature 

through bed-side 

monitoring equipment. 
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Than it will be 

registered into the 

ESTER2 system with 

the bed-side monitoring 

data. 

Patient weight Has primary function in the 

ICU. If the EBMeDS system 

has got a data such a patient 

weight, it will be useful for a 

medication dosage advice. 

Not available in 

the ICU.  

Information about a 

patient weight is 

available on the 

ESTER2 system for 

Hematology Unit. Also 

this data has to be filled 

in on a pre-anesthesia 

questionnaire by the 

patient. 

Implant Has primary function in the 

ICU. The EBMeDS system 

has to be able to analyse all 

the risks related to implants. 

Not available as 

structured data. 

This data is only 

registered in Radiology 

Unit (X-Ray Unit) as a 

free text. 

Diet Has secondary function in 

the ICU. The EBMeDS 

system should  be able  to  

evaluate the patient’s diet, 

but because this function in 

the system is quite limited 

there is not a very big 

opportunity for 

recommendations. 

Available as 

structured data. 

The EBMeDS system is 

able to read this data. 

Blood group Has secondary function in 

the ICU. The EBMeDS 

system can recommend a 

blood transfusion, but have 

no opportunity to change the 

Available as 

structured data. 

The EBMDS system is 

able to read this data. 
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blood group. 

Pregnancy Has secondary function in 

ICU. If a patient has 

pregnancy EBMDS system 

should to exclude some 

medications. 

 

Has secondary function in 

the ICU. If there is a case of 

pregnancy the EBMeDS 

system has to exclude 

unsuitable medications. 

Not available as 

structured data 

in the ICU. 

This kind of data should 

be registered, if patient 

needs to visit Radiology 

Unit. In the ICU of 

NEMC, where the 

ESTER2 system is 

used, very unusual to 

have the pregnant 

patients.  

Allergy Has secondary function in 

the ICU. If the EBMeDS 

system can analyse patient’s 

allergy, it can prevent 

prescriptions of unsuitable 

medications. 

Available as 

structured data. 

The EBMDS system is 

able to read this data. 

Vaccination Has secondary function in 

the ICU. The EBMeDS 

system can recommend a 

vaccination if a patient did 

not get it before. 

Available as 

structured data. 

Data available for 

vaccination done by 

NEMC. 

Table 1. The EBMeDS and ESTER2 interaction 

3.2.3. Discussion of an opportunity to solve arisen challenges 

For a successful implementing and using the EBMeDS system in ICU where the 

ESTER2 is applied, some modifications have to be done to HIS. Only 7 types of data 

out of all required for successful application by EBMeDS system are available in 

ESTER2. These are: 
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 Laboratory tests. In the nearest future there will be a fully generalized 

laboratory tests coding system for ESTER2 and LOINC and it is the only 

solution in this field. 

 There shouldn’t be any problems with a current diagnosis, because it will be 

correctly interpreted by EBMeDS system. 

 Consultant advice. EBMeDS system is able to analyse whether a 

Consultant’s advice needed. This should not be an obstacle for the EBMeDS 

system successful work. Data about gender, diet, blood group and age is 

also fully available for EBMeDS system. 

Other data require some modifications, otherwise EBMeDS system will not bring 

any positive results into medicine practice in ICU. Below are presented quickly 

changeable data types, which demand a close attention: 

 The most important data for EBMeDS system is a prescribed medication. 

There are three documents in ICU, where medicines should be registered – 

Patient’s Notes, the medical history (anamnesis) and ESTER2. Moreover, all 

the prescribed medications on the Patient’s Notes and in the anamnesis are 

written by hand. Obviously, it takes lot of time to copy a whole list of 

medications manually. Also the list of medications often has to be reviewed 

several times during the day due to cancellation, adding new medications, 

dosages or frequent changing. Considering this situation there would be three 

suggested solutions. Firstly, to pass responsibility for medication's list to 

nurses. On a daily basis a nurse in ICU usually has got one or two patients in 

her care and inputting a list of medication for each of them to the system 

would not be a very difficult task. The essential factor is that the majority of 

nurses in ICU is quite young and has sufficient computer skills. However the 

new system implementation will not create more difficulties for nurses, it is  

work that should be covered by doctors. Therefore the second suggestion is 

more suitable for all medical staff. At the present Patient’s Notes are 
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handwritten by doctor and nurses will update this with any additional 

information about patient's condition. The ESTER2 would contain a template 

of Patient’s Notes, which would be filled in by a doctor and the medication's 

list could be copied to the anamnesis. Thereby there wouldn’t be necessary to 

repeat the same work several times. Patient’s Notes with the list of 

medications could be printed out and supplemented by hand during the day. 

The last solution is quite expensive, but more contemporary. It is to input all 

the data straight to ESTER2 system without filling in Patient’s Notes on a 

paper. But in this case the Hospital Management will need to spend much 

more money on portable and wireless equipment. 

 Bed-side monitoring and body temperature. At the present these two 

parameters are not registered at all in the HIS. But this is a very important 

data, which could be automatically analysed by EBMeDS system.  

In the ICU of North Estonia Medical Centre Foundation every patient has got 

a monitor, which sends information to the department’s central station where 

this bed-side monitoring data is stored for up to 72 hours but after got 

completely deleted. The hand-written Patient's Notes would be the only place, 

where this data is available. Accordingly, data on a paper could not be 

processed by EBMeDS system. If the bed-side monitoring data will be 

processed and registered in the ESTER2, the EBMeDS system would be able 

to analyse it and prevent a critical condition of the patient.  

There is one more obstacle.  At the present the Finnish Medical Society 

Duodecim can not provide scripts for ICU, which could analyse a condition 

of the patient by bed-side monitoring (ABP, HR, SpO2, BR). But in the 

future, when collaboration will be established, these scripts will be available 

from Duodecim for the hospital.  

The second parameter, the body temperature, could be registered into 

ESTER2 system only through the bed-side monitoring system by means of 
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the special temperature measuring equipment. This information is stored 

amongst the other bed-side monitoring data and could be also registered in 

ESTER2 system. But at the present the special temperature measuring 

equipment is not available for every patient and a supply of the right quantity 

of this will bring the additional cost for the Hospital’s budget. 

 Patient's weight is a changeable type of data. It is could be registered in 

ESTER2 system, but not in every unit. Moreover, checking of the patient’s 

body weight in ICU is quite a difficult procedure. Usually a doctor would 

approximately estimate the weight of the patient. But this information is not 

registered in ESTER2 system. To be used by EBMeDS this data could be 

collected by different methods. If the patient attends the ICU after a surgical 

operation, the information about weight will be taken from a pre-anesthesia 

questionnaire, which patient has to fill in. In this case the field of patient’s 

weight in ESTER2 system has to be filled in by doctor manually. If the 

patient attends the ICU promptly, information about his/her weight could be 

given by somebody else, i.e. relatives. But it also will need to be added 

manually to the HIS by a doctor.  In case of long term bed-ridden patient 

there is an option to put the patient on a scale whilst on the bed and then 

calculate his or her weight by taking off the weight of the bed.  This data will 

need to be also input in the system manually. It is a quite complicated to 

collect automatically the changeable data so some of it has to be still added 

manually by a physician. 

 The medical procedure is a rather important data for EBMeDS system and it 

is available in ESTER2 system, but some description of the medical 

procedure result is written by free text. There are various Medical Procedures, 

but in ICU the most of them are vital and the results must be available for the 

doctor at the right time. If a Medical Procedure description in ESTER2 

system would contain "acute condition" field, it could be filled in by the 

medical professional who inputs the procedure result.  EBMeDS can not read 
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this text, but can analyse, that there is some important information added for 

doctor’s attention. "Vital" alert could be also sent to the doctor’s mobile 

phone, not only into ESTER2 system. 

 Vaccination. It is infrequent information and is not very often requested by 

EBMeDS system in ICU. It would be useful if a doctor could check this data 

him- or her-self at EHR. As the information about vaccinations in not vital 

and less likely requested in ICU there is no point to be saved into HIS.  

The date presented below is rarely changeable. There are also considered data 

collection opportunities:  

 Chronic diseases and allergies. There is a problem with collecting a data 

about chronic diseases and allergies the patient was diagnosed with before his 

or her admission to the hospital. This information is available in EHR, but 

doctor can only receive it by special request. Before this is done the EBMeDS 

system can not analyse the patient’s chronic diseases and allergies. It would 

be very useful to get all required data from EHR saved into ESTER2 system. 

But some data is changeable and there is no point to save it into HIS. The 

only frequent data such as chronic diseases, allergies, endured surgical 

interventions etc. will be saved. The EBMeDS system would have the 

opportunity to work more efficiently if this information would be saved from 

EHR into ESTER2 straight after the doctor’s first request.  

 Implanted medical devices (e.g. artificial cardiac pacemaker). The data 

about implanted medical devices is rarely changeable and can be obtained in 

two ways: if this is the case it should be available by request from EHR 

together with other frequent data (chronic disease, allergy) or, if the patient 

has the medical device implanted after admission to the hospital, information 

about it has to be input manually by a physician.  
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 Pregnancy. This information belongs to “diagnosis" section and it is a rarely 

changeable data. The ICU of North Estonia Medical Centre Foundation 

hasn’t got a Delivery Room and Neonatal Department therefore pregnant 

patient could be admitted only in cases when the pregnancy has not been 

diagnosed. However the information about pregnancy could be useful for 

EBMeDS work. If a pregnant patient did admit to ICU, this information could 

be available from EHR by a first request if this is relevant.  
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3. CONCLUSION 

At present, the CDSS is applied in many areas as well as in medical practice. 

There are various types of the system and the hospital management can select the 

most suitable one. In this master's thesis the system of Finnish developers EBMeDS 

was described.  

General problems with the EBMeDS implementation were considered in the thesis. 

The interaction between EBMeDS and HIS applied in the NEMC (ESTER2) was 

also considered. The data type required by the EBMeDS for a successful work and 

the data available in the ESTER2 were compared. 

Relying on the work completed it is possible to conclude that the majority of general 

problems solving does not depend on features of the implemented system, but 

depends on the hospital management. The adequate collaboration with medical staff, 

additional costs and the reliable team of professionals are required. 

As to the EBMeDS data requirements – in this area a lot of effort has to be made to a 

platform preparation, because too many parameters are not available in the ESTER2 

yet.   Modification of this can take a lot of time. Also not all the data from the EHR 

is available; it can adversely affect the work of the EBMeDS. Timely data is vital for 

work of the ICU and the systems interaction should have a perfect output. 

During the work the survey was also carried out. The survey showed an awareness of 

the anaesthesiologists of the EBMeDS, a readiness to learn the new system, and 

opinions about benefits and risks were considered as well. Also, it showed that the 

physicians refer optimistically to innovations and are ready to learn the EBMeDS.  

Only the question about improving patient care was shown participant's strong 

uncertainty.  
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In a whole all the problems related to the EBMeDS implementation can be solved 

but it demands a lot of time. At present, the information systems of the hospitals in 

Estonia are not working perfectly and more medical stuff should be involved in the 

planning. An adoption of the innovations demands a lot of efforts from all the parties 

involved in the project. 

First of all the EBMeDS needs to be implemented in a primary care. It allows to get 

the valuable experience in the system application. After that the EBMeDS could be 

applied in the secondary care because the workflow in ICUs demands use of the 

system’s output. 

This master's thesis has to be useful at the North Estonia Medical Center, one of the 

biggest hospitals in Estonia, and it is unique because the ESTER2 system is already 

applied.  

  



49 

 

ABSTRACT 

VÄLJAKUTSED JA EELISED TÕENDUSPÕHISE OTSUSETOE SÜSTEEMI 

JUURUTAISEL INTENSIIVRAVI OSAKONDADES. 

Eesti tervishoid on ala, kus uute süsteemide juurutamine toob kaasa palju takistusi 

ja raskusi tehnilises plaanis. Samuti võivad tekkida probleemid haigla personalil uue 

süsteemiga harjumisega. Uute süsteemide juurutamine on eriti raske ülesanne 

intensiivravi osakondades, kuna seal peab uus süsteem töötama täpselt ja tõhusalt.  

Käesoleva magistritöö eesmärk on uurida, millised probleemid võivad tekkida 

tõenduspõhise otsusetoe süsteemi intensiiviravi keskkonda juurutamisel, samuti on 

käsitletud süsteemi eeliseid. Magistritöö eduka eesmärgi saavutamiseks on läbiviidud 

teadusliku kirjanduse ülevaade, mille jooksul põhilised väljakutsed tõenduspõhise 

otsusetoe süsteemi juurutamisel on esile toodud. Samuti on läbi viidud detaalne 

analüüs. Selle analüüsi jooksul on võrreldud andmeid, mida nõuab tõenduspõhise 

otsusetoe  süsteem eduka toimimise jaoks ning olemasolevaid andmeid haigla 

infosüsteemis. Analüüsi jaoks oli valitud haigla infosüsteem ESTER2, mis on Põhja-

Eesti Regionaalhaiglas kasutusel.  

Järgmine samm oli küsimustiku läbiviimine anestesioloogide hulgas eesmärgiga- 

välja uurida, kuidas anestesioloogid suhtuvad innovatsioonidesse, eelkõige 

tõenduspõhise otsusetoe süsteemile ning kas nemad on valmis seda õppima ja 

kasutama oma töös. Küsimustikus osalesid arstid, kes praktiseerivad Tallinna 

intensiivravi osakondades.  

Selle töö tulemused on kasulikud Eesti haiglatele, kus tulevikus hakatakse juurutama  

tõenduspõhise otsusetoe süsteemi intensiivravi osakondades. Käesoleva magistritöö 

tähtsus avaldub eelkõige Põhja-Eesti Regionaalhaiglale, kuna detaalne analüüs oli 

läbi viidud ESTER2 haigla infosüsteemi baasil.  
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