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Abstract 
 

Purpose: The thesis will shed light on the overall need of CDSSs in the Swedish health care 
system, and it will also present a specific efficiency problem that could be solved by 
implementing a CDSS. The need for a CDSS is where an implementation would improve patient 
outcome, by delivering the right care at the right time, and where the CDSS could reduce the cost 
of the delivered care. A better understanding of the current need could help eliminate the existing 
empirical gap and ultimately lead to better and more efficient health care in Sweden. The 
research question was formulated as: Where within Swedish health care can a need for increased 
efficiency be met through the implementation of a realistic CDSS system? 

Design and methodology: The thesis is a case study where qualitative data, collected 
through a literature review and interviews, was used to answer the research question. The 
methodology used was tailored to the unique setting of the research and in accordance to the 
purpose of the study. The method was divided into five phases. (1) Finding an area of focus, 
such as a specific diagnosis, within the health care system where the need for a CDSS system is 
deemed high. (2) Mapping the care chain of the identified area of interest. (3) Developing 
hypotheses concerning where in the care chain challenges could be solved using a clinical 
decision support system. (4) Confirming or rejecting the proposed hypotheses through interviews 
with relevant experts. (5) Presenting the specific efficiency problem that could be solved using a 
CDSS and a presentation of the design of said CDSS. 
Findings: The efficiency problem that could be solved using a CDSS was identified to be 
within the area of heart failure treatment. There were a multitude of areas of improvement found 
along the care chain and a number of them could be solved by developing and using specific 
CDSSs. A CDSS that could help physicians, within the primary care system, to identify patients 
that could benefit from being assessed by cardiology specialist was proposed as the most 
beneficial CDSS system. The proposed CDSS would be both beneficial and realistically 
implementable. 
 
 
Key-woryds: eHealth, electronic health records (EHR), clinical decision support systems, 
CDSS, Swedish health care system, heart failure, primary care centers, referral procedures 
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Sammanfattning 
 

Syfte: Syftet med uppsatsen är att belysa det övergripande behovet av kliniska 
beslutsstödssystem inom den svenska vården och slutligen finna det mest trängande behovet. En 
bättre förståelse för detta behov kan hjälpa att minska det existerande empiriska gapet och 
slutligen leda till en bättre och mer effektiv vård i Sverige. Forskarfrågan formulerades som 
uppdraget att finna ett behov för ökad effektivitet inom svensk sjukvård, som kan lösas genom 
implementering av ett realistiskt kliniskt beslutsstöd. 
Design och metodologi: Uppsatsen är en casestudie där kvalitativ data, samlad genom en 
litteraturstudie samt intervjuer, användes för att besvara forskningsfrågan. Metodologin som 
brukades var anpassad efter den unika naturen för forskningen, samt i enighet med syftet av 
studien. Metoden delades in i fem faser. (1) Finna ett fokusområde, exempelvis en specifik 
diagnos, där behovet av ett kliniskt beslutsstöd bedömdes högt. (2) Kartlägga vårdkedjan för den 
identifierade diagnosen. (3) Utveckla hypoteser angående var inom vårdkedjan som utmaningar 
skulle kunna lösas med ett kliniskt beslutsstöd. (4) Bekräfta eller förkasta hypoteserna genom 
intervjuer med relevanta experter. (5) Presentera problemet med det mest trängande behovet efter 
ett kliniskt beslutsstöd och hur ett sådans skulle utformas. 

Fynd: Effektivitetsproblemet som kunde lösas bäst via ett kliniskt beslutsstöd identifierades att 
vara inom området hjärtsviktsbehandling. Det fanns flertalet områden med utvecklingspotential 
som urskiljdes ur vårdkedjan för hjärtsviktspatienter, och vissa av dessa utmaningar kunde lösas 
genom utveckling och implementering av specifika kliniska beslutsstöd. Det kliniska beslutsstöd 
som skulle lösa det mest trängande behovet inom vården idag föreslås vara ett system som 
hjälper läkare inom vårdcentralerna att identifiera patienter som skulle gagnas av en remiss till 
en kardiolog. Det föreslagna kliniska beslutsstödet skulle vara både fördelaktigt för vårdpersonal 
samt patienter samt är realistiskt implementerbart.  

 

 

 
Nyckelord: eHälsa, elektroniska patientjournaler, kliniska beslutsstöd, CDSS, svenska 
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Glossary: 
 
Adherence – The process of physicians’ following set guidelines.  
 
Clinical decision support system (CDSS) – IT-systems developed to aid physicians/nurses/ 
patients at the time of decision making within the health care. 
 
Compliance – The process of patients following health recommendations provided by a 
physician. 
 
Standard operating procedure (SOP) - Established procedure to be followed in a given 
operation or in a given situation. 
 
In-patient care – Care given to patients treated at a hospital that have to stay overnight. 
 
Out-patient care – Care given to patients that are treated at a primary care center/hospital that 
can go home after their appointment the same day. 
 
Primary care centers – The medical care a patient receives upon first contact with the health 
care system, before referral elsewhere within the system. 
 
Health literacy – The ability of a patient to read, understand and use given health care 
information.  
 
Artificial intelligence (AI) – A system that perceives its environment, adapts, and takes actions 
that maximize its chances of success. 
 
Electronic health record (EHR) – A patients health information and background (originally in 
paper form) transferred and saved into a database. 
 
New York Heart Association class (NYHA class) – The severity of a patients’ heart failure, 
rated from NYHA class I-IV, where NYHA class I is the mildest form of the disease, while 
NYHA class IV is the most severe form. 
 
Electrocardiography (ECG) – Interpretation of the electrical activity of the heart over a period 
of time through electrodes attached to the surface of the skin.  
 
Echocardiography – A sonogram of the heart, where two-dimensional, three-dimensional, and 
Doppler ultrasound is used to create images of the heart. 
 
Systolic blood pressure – The blood pressure as the heart beats, which equals the maximum 
blood pressure. 
 
Information communication technology (ICT) - The application of computers and 
telecommunications equipment to store, retrieve, transmit and manipulate data. 
 
BETA-blockers – Common medicine for treatment of heart failure that lowers the blood 
pressure and heart rate of the patient. 
 
RAAS-inhibitors – Common medicine for treatment of heart failure that lowers the blood 
pressure and fluid retention of the patient. 
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Chapter 1: Introduction to the thesis 
 

 

 

1.0 The need for clinical decision support systems 
The cost of health care is increasing in Sweden as well as in the majority of the OECD countries 

(Socialstyrelsen [A], 2013; OECD, 2013). There are several drivers behind this increase in cost; 

a major reason is the demographic change with an ageing global population (WHO, 2011). The 

reason for the ageing of the population is lower mortality rates, combined with lower fertility 

levels. In the developed part of the world the aged population exceeds that of the young, where 

the young is defined as anyone below the age of 18. This aged part of the population is expected 

to be doubled that of the young in 2050. This gives way for a situation in which a smaller part of 

the population is required to contribute to social support systems, such as health care and pension 

funds, for a much larger part of the population (WHO, 2011).   

 

The aging population, combined with galloping health care costs, has created a need to change 

the health care systems. To increase funds within health care (by increasing taxation or 

privatization) will not solve the problem; instead efficiency has to be increased without 

increasing costs and lowering the quality of the delivered care.   

 

Health care systems are facing two challenges that amplify each other, the ever-increasing costs 

of delivered care and aging populations. To accept the increasing costs is not a viable solution, 

since it would mean increasing the price paid by consumers, either in the form of increased taxes 

or increased prices. As explained above this poses a problem since the part of the population that 

pays for the health care will be smaller than the part of the population that requires care. The 

only viable way to meet these problems, while retaining the same quality of care and fixing or 

lowering the costs of the delivered care, is to increase the efficiency within the health care 

systems.  

 

In Chapter 1, the reader will be introduced to the purpose, research question and significance 

of the thesis. A background to the importance of the main topic of the thesis will also be 

presented, where exceeding health care costs has created a growing need for efficiency 

improvement which can be met with the aid of clinical decision support systems. 

 



 

5 

 

Certain medical conditions consume a considerate amount of money, in terms of expensive 

medicine, time-consuming treatments and potential re-hospitalization. A first step in cutting 

costs is to look at these expensive areas where there is a potential of more efficiency, but without 

lowering the quality of treatment and the perceived quality of life. 

 

One way to increase efficiency, without lowering the quality of care, is through the 

implementation of eHealth. eHealth technology is currently being developed and implemented in 

many health care systems.  Electronic health records (EHRs) is a common type of eHealth 

technology and Sweden is at the forefront of EHR implementation in Europe according to Center 

för eHälsan i Samhället (2012).  The next evolutionary step within eHealth and EHRs in 

particular is the development of systems such as clinical decision support systems (CDSS), 

which has the potential to greatly increase efficiency, both trough cost efficiency and increased 

quality of care.  

 

A CDSS is essentially a decision support system used within the health care sector.  That CDSS 

have major potential benefits for the health care system has been known for a long time (Archer, 

et al., 2012), however the implementation of these systems hasn’t been as broad as could be 

expected (Trivedi, et al., 2002). There is no clear definition of what a CDSS actually is, although 

it is a concept that incorporates many different kinds of decision support tools. These tools range 

from relatively simple checklists or standardized procedures, here denoted logic CDSS, to highly 

complex artificial intelligence (AI) based systems, here denoted intelligent CDSS. These highly 

complex systems are possible to develop today due to the increased computational power of 

computers. Simply put, an EHR contains relevant clinical information concerning individual 

patients, while a CDSS can extract relevant information, on an individual or group level, and 

graphically illustrate dynamic changes as well as interprets information and gives treatment 

advice to the clinicians. CDSS systems are generally used when the amount of relevant data is 

simply too large for individuals to analyze effectively (Sprague, 1980). Analytical tasks where 

large amounts of data has to be analyzed can be near impossible for humans to perform 

effectively, while computers can handle them due to the standardized nature of their 

computational power (Archer, et al., 2012).  

 

In line with the assignment given by Health Navigator, the scope of the thesis and the broad 

implementation of EHR systems in Sweden a more specific definition of a CDSS was developed: 
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“A clinical decision support system is IT-based, linked to EHRs, and gives relevant information 

and prompts health care professionals to action. The purpose of the CDSS is to facilitate and 

improve the given care and ensure that guidelines are followed.” 

 

1.1 Health Navigator 
Health Navigator is a company specialized in health care management consulting, case 

management programs and the development of innovative care solutions. As part of their 

business strategy the company aims to understand the dynamics and underlying drivers that 

affect the health care sector. This understanding will help the company shape their business 

offering to suit the future needs of the health care sector. Health Navigator is sponsoring this 

study with: devoted time of consultants and personnel within the health care sector, contacts 

within the health care sector in Sweden and workspace for the authors. 

 

1.2 Purpose 
The thesis will shed light on the overall need of CDSSs in the Swedish health care system, and it 

will also present a specific efficiency problem that could be solved by implementing a CDSS. 

The need for a CDSS is where an implementation would improve patient outcome, by delivering 

the right care at the right time, and where the CDSS could reduce the cost of the delivered care. 

These goals would be reached by ensuring compliance to medical guidelines through the use of 

the CDSS. The purpose is furthermore to show to the health care, society and companies what 

need should be prioritized and met, if a CDSS is to be developed and implemented. The hope is 

that this thesis will contribute to a positive change in the modernization of health care. The 

purpose will be met through a comprehensive descriptive and predictive research of the subject 

matter.  

  

1.3 Research Question  
The research question for the thesis is: Where within Swedish health care can a need for 

increased efficiency be met through the implementation of a realistic CDSS system?  

 

1.4 Significance 
The thesis will bring will have impact on both academia and Health Navigator, and potentially to 

the Swedish health care system as a whole. Foremost it will bring to light the need for CDSS in 

the Swedish health care system, and it will also provide a discussion concerning how this need 

should be met, which will promote future research and development within the field of CDSS in 
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Sweden. The benefits from future research and CDSS implementations could be numerous 

including: better treatment, better health outcome, and increased quality of life for the patient. 

The health care system could benefit from potential reduce hospitalization, increased work 

satisfaction, efficiency improvements, and cost reductions within the health care system.  

 

1.5 Structure of thesis 
The structure and chapters of the thesis is presented below: 

 

• Chapter 1: Introduction to the thesis 

• Chapter 2: Research methodology 

• Chapter 3: The Swedish health care system 

• Chapter 4: Problems facing health care 

• Chapter 5: Clinical decision support systems 

• Chapter 6: Results and discussion 

• Chapter 7: Conclusion 

 

The thesis focuses on defining a specific CDSS system that can increase the efficiency of the 

Swedish health care system. In order to understand the benefits of the proposed CDSS system 

the reader first has to be thoroughly introduced to the Swedish health care system, and the 

problems that face health care systems across the globe. First when the reader has gained an 

insight into these areas it becomes relevant to explain the dynamic of CDSS systems. With the 

knowledge gained from these initial chapters the reader will be able to fully understand the 

intricate dynamics and the value of the Results and discussion chapter.  

1.6 Identified gaps in the literature 
Decision support systems have been the focus of vast amount of scientific literature since the 

1970’s, it is for example discussed by Shim with colleagues (2012), March & Smith (1995) and 

Turban (1990).  The majority of the literature has focused on decision support systems in a 

broader context, not focusing on health care. The articles that do focus on clinical decision 

support systems have mainly been written by American authors analyzing the American market. 

In the Swedish context articles discussing clinical decision support systems have mainly been 

published in medical magazines and official reports At the present time there is no scientific 

literature describing the current need for further implementation of clinical decision support 

systems in Sweden. This thesis aims to shed light on this matter and reduce the existing 
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empirical gap. A better understanding of the current need could help eliminate the gap and 

ultimately lead to better and more effective health care in Sweden. 

 

The thesis will reduce the empirical gap through further research into the existing need for 

CDSSs in Swedish health care. Empirical data from literature reviews and interviews will be 

used in order to determine where within the health care system a need for a CDSS exists.  

 

1.7 Delimitations 
• Decision support systems used in other industries has not been researched since the 

information will not be directly applicable to the health care sector (even if there could 
have been interesting analogous). 

• The timeframe for the thesis is 20 weeks of fulltime work. 

• The proposed definition of CDSS limited the problems found that could be solved.  

• The thesis only researched the needs of the Swedish health care system  

• The thesis only researched and proposed solutions that would be realistically 
implementable in the health care system, as it exists today.  

 

1.8 Summary Chapter 1 
The thesis will make an impact by reducing the empirical gap, within the context of decision 

support systems, and by studying a question with significance for society. The thesis will shed 

light on the overall need of CDSSs in the Swedish health care system, and it will present a 

specific efficiency problem that could be solved by implementing a CDSS. The research 

question was formulated as follows: Where within Swedish health care can a need for increased 

efficiency be met through the implementation of a realistic CDSS system? 
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Chapter 2: Research methodology 
 

 

 

2.0 Methodology 
The strategy to answer the stated research question in this thesis was to use a case study. The 

case study was conducted under the paradigm of interpretivism, where it is assumed that the 

social reality is a part of our minds. This makes the object that is under investigation affected by 

its investigators (Collis & Hussey, 2009, p. 57). The paradigm of interpretivism was chosen 

since it was recognized that the area health care is a sensitive subject.  Health care is a sensitive 

subject as everyone will believe that improvements should be made to whatever area they are 

interested in professionally as a health care provider, or affected by as a patient. Therefore, it is 

believed that the area health care may have many different realities, depending on who you ask, 

which makes it preferable to write the thesis under a paradigm of interpretivism. If the opposing 

paradigm of positivism was chosen, it would have been assumed that there was a singular right 

answer to the research question, which is unlikely in this study. 

 

Case studies can consist of one or multiple cases and contain many different methods of 

collection of data, both quantitative and qualitative (Yin, 2003). The empirical data in this thesis 

will be gathered through a qualitative method. This is the regular approach within the paradigm, 

together with a humanistic point of view and the study of a phenomenon (Collis & Hussey, 

2009). The methodology will be described in further detail in the following section. 

 

2.1 Case Study 
Case studies are described as a methodology that explores a phenomenon in its natural setting by 

using a variety of methods to gain in-depth knowledge (Collis & Hussey, 2009). It can further be 

described as a research strategy that is holistic, and aims at describing and explaining complex 

and entangled group attributes, patterns, structures and processes (Verschuren, 2003). The 

 

In Chapter 2, the reader will be introduced to the research methodology of the thesis. The 

chosen research paradigm, interpretivism, data collection method and delimitations of the 

thesis will be discussed in particular.  
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phenomenon that was investigated in this case study was the health care system in Sweden and 

its need for improvement. A preliminary investigation was conducted to become familiar with 

the subject in the context of Sweden. It was conducted through a literature review and interviews 

with the former head of anesthesiology and intensive care at Danderyd Hospital, as well as the 

chief medical officer at the Karolinska University Hospital and a project leader with background 

within medicine at Health Navigator. This preliminary investigation helped in forming of the 

delimitations and the focusing of the thesis at large.  

  

The unit of analysis for the thesis was the identified area within the health care system where a 

CDSS could increase the overall efficiency in terms of costs and quality of the delivered care. 

Within the area of interest the main stakeholders were interviewed, including health care 

personnel at hospitals, primary care centers and specialist clinics as well as health care 

consultants and patients. The case study was based on qualitative data gathered through 

interviews, and a sample set was chosen from the unit of analysis to represent the whole spectra 

of health care personnel and others involved. As it was important to interview people with the 

right knowledge and expertise, a non-random sample was chosen. Snowball sampling, also 

known as networking, was used, where one interview led to another, as the interviewees were 

asked about interesting persons that the authors ought to talk to. It is consistent with 

interpretivism to utilize a smaller sample for data gathering, and to use networking for finding 

participants (Collis & Hussey, 2009).  

 

A within-case analysis was made, where opinions of the investigated phenomena was analyzed 

in an attempt to find noteworthy patterns (Collis & Hussey, 2009). Case studies are generalizable 

to theoretical propositions and not to populations, which allows the case study to go beyond 

representing a sample, and instead the goal is to expand and generalize theories through analytic 

generalization (Yin, 2003). The results of the thesis will be generalizable for Sweden since all 

the actors and treatments involved are supposed to follow the same national guidelines.  

 

2.2 Data collection 
The thesis is based on both primary and secondary data. Primary data is data that has been 

collected from an original source, while secondary data is data collected from an already existing 

source (Collis & Hussey, 2003).  
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2.2.1$Primary$data$
Primary data in this thesis was the qualitative information gathered from interviews. The 

interviews were semi-structured to unstructured, and all questions were open ended with probes 

to receive more in-depth answers. In semi-structured interviews some questions are prepared 

beforehand, while new questions can be added during the interview. Unstructured interviews, on 

the other hand, don’t have any prepared questions since, and starts with a topic from where 

questions arise as the interview progresses. Probing questions are essential in these two cases for 

ensuring that you receive as much information as possible from the interviewee (Collis & 

Hussey, 2003). The interviews were often based on assumptions or hypotheses by the authors 

that were discussed from the interviewees’ point of view, and some interviews had their starting 

point with diagrams and charts that the authors had made of patient care chains. This ensured 

that there was a plan for the discussion, while still ensuring that the interviewee could expand on 

aspects that were deemed more interesting or significant.  

 

There were always two interviewers present, where both took care to write down notes and keep 

the dialogue going. Before the interviews the subject was studied in detail so that the vocabulary 

of the medical professional wouldn’t create a barrier for understanding. Immediately after an 

interview the notes were compiled in one document and the most significant findings were 

discussed. A majority of the interviews were conducted in person at the interviewees’ workplace, 

while some were conducted over the telephone.  

 

2.2.2$Secondary$data$
Secondary data for the thesis was mostly found by searching for relevant articles in Pubmed, 

Google Scholar and KTHB Primo. Socialstyrelsen, the national board of health and welfare in 

Sweden, also had several reports that proved helpful, especially in terms of differences in care at 

various locations in Sweden.  

 

The secondary data was primarily used in the first part of the thesis where there was a need of 

understanding the context and build the case. This information was used in the later part of the 

thesis where collection of the primary data was conducted. 

 

2.3 Ethical issues 
There were certain ethical issues that had to be considered when writing the thesis. The 

methodology and choice of interviews were decided upon through dialogue with Health 

Navigator. The advisors at Health Navigator also reviewed any documents to be handed in to the 
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Royal Institute of Technology, to make sure that no confidential material shared with the 

authors’ left the company.  

 

To make sure that the interviewees felt that they could speak freely, and giving opinions about 

their workplace or methods when appropriate, no audio recordings were made during the 

interviews. This made note taking very important during the interview processes. The names of 

the interviewees were not disclosed in the thesis; instead the interviewees’ title and work place 

was used. 

2.4 Summary Chapter 2 
In Chapter 2 the research methodology was presented. The method in which the research 

question was to be answered was through a qualitative case study under the paradigm of 

interpretivism. The interviews were selected to give a holistic view on the matter, and snowball 

sampling was often conducted. A within-case analysis was made, and the patterns found were 

generalized for Sweden as a context.  

 

Primary data was the qualitative information gathered from the interviews, which were all semi-

to unstructured. Secondary data was found by searching for relevant articles in Pubmed, Google 

Scholar and KTHB Primo. The national board of health and welfare in Sweden also proved to be 

a valuable source of information.  

 

Ethical issues in the thesis involved dialogue with Health Navigator regarding choice of 

methodology and interviewees. Interviews were not audio recorded as some issues discussed 

criticism towards their workplace, and their title and workplace were written instead of their 

names when referred to in the thesis.  

 

Delimitations were mostly due to the time restriction of 20 weeks of full time work on the thesis. 

This made only the Swedish health care system to be researched, and no comparisons were made 

to other decision support systems. The definition of a CDSS used in this thesis disregards some 

systems, as well as only making the research focused on CDSS that could be realistically 

implementable into the Swedish health care as it exists today. 
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Chapter 3: The Swedish health care system 
 

 

3.0 The mission of the health care system 
The mission of the health care system in Sweden is defined as: The goal of the health care 

system is a healthy population and care delivered on equal terms for all. Care should be provided 

with respect for the dignity and equal value of each individual. The individual with the largest 

need for care should be given priority to receive care (Hälso- och sjukvårdslagen, 2014)1. 

  

3.1 The health care system is divided into levels  
The health care in Sweden is primarily managed on a county or municipality level, even though 

the government decides upon some support systems, such as national guidelines. The county 

council decides the extent of health care within said county, and how much it is allowed to cost. 

The health care is tax-financed, and in average around 10-15% of the counties total tax returns is 

allocated in health care. However two kinds of private health care also exist in Sweden; either it 

is privately funded or it is connected to the tax-financed health care or, which is less common. 

The privately funded health care is paid by the patient or through the patients’ private health 

insurance.  

 

The health care system is divided into three levels, in-patient care, out-patient care and home 

care the health care system also uses a number of support systems, which is illustrated in Figure 

1. Primary care is most often decided governed on a county-level, but it can sometimes be 

regulated on a municipality level as well. Due to the reform vårdvalet, everyone is allowed to 
                                                
1 ”Målet för hälso- och sjukvården är en god hälsa och en vård på lika villkor för hela befolkningen. Vården ska ges med respekt för alla 
människors lika värde och för den enskilda människans värdighet. Den som har det största behovet av hälso- och sjukvård ska ges företräde till 
vården.” - Hälso- och sjukvårdslagen 2014 

 

 

In Chapter 3, the reader will be introduced to the structure and main support systems of the 

Swedish health care system. The system is divided into three main care levels with different 

care providers in each level; in-patient care, out-patient care and home care. The care level is 

decided upon whether the patient has to stay overnight at the hospital, can leave after an 

examination or can receive care in their home. The information for the following chapter is 

taken from the Swedish official information source on the health care system and its services 

(1177 Vårdguiden; 2014). 
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choose what health care provider they want within the different levels, as long as it is within the 

county they live in. 

 

 

Figure 1: Schematic view of the Swedish health care system 

 

3.1.1 In-patient care 
In-patient care is any care when patients are admitted to a hospital. In-patient care can either be 

planned in advance or it can occur due to an emergency situation. If the care is planned the 

patient arrives at the appropriate clinic at a specified time and is then admitted for care. The 

doctors that work at these clinics are often specialists within their particular field.  

 

Patients turn to emergency care units when they have urgent health issues. Typical issues are 

injuries and diseases that have taken a turn for the worse. Doctors at primary care centers may 

also remit patients to an emergency care unit if they deem the patient to be in urgent need of 

hospital treatment.  

 

3.1.2 Out-patient care 
Out-patient care is any care where the patient is not admitted to a hospital but receives care 

during a visit. Out-patient care is delivered by two different kinds of care providers that have 

slightly different care scopes, the primary care centers and the specialist clinics. 
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Primary care centers are the foundation of the health care system in Sweden, and this is usually 

where patients go for basic examination and treatment. Primary care centers cover many 

different functions such as health checks, vaccinations, rehabilitation advice and physical 

therapy. In an optimal situation they work in close relationship with hospitals clinics. Doctors 

working at primary care centers are usually generalists, meaning they are experts in general 

medicine. Primary care doctors see to the patients total health situation and take care of any 

illness a patient might have. However if the doctor deems it necessary for the patient to get more 

specialized care, they will refer the patient to a specialist clinic at a hospital or a private clinic. 

Even chronic patients, with for example diabetes, are treated within the primary care and only 

occasionally meet specialists.  

 

Specialist clinics are the forefront of the Swedish health care system, and it is where patients go 

to get expert help with their ailments. Specialist clinics cover multitude of specialties, but the 

four major areas are internal medicine, surgery, orthopedics and psychiatry. Within each 

specialty doctors can have different focuses. Doctors working at specialist clinics are highly 

specialized experts in one field of medicine; within each of the four major areas there are 

numerous specific specialties. Once patients have received their diagnosis and treatment plan 

they are commonly returning to the primary care system for future care.  

 

3.1.3 Home care 
Home care, or care delivered in the home, is characterized by three different types of care 

providers. The chosen care provider depends on if the patient requires assisted living, advanced 

home care or aid at a nursing home, where each care provider has a specific care scope and 

approach. People who require limited aid in their daily routines can receive assisted living at 

home. The aid is mainly in the form of help with personal hygiene, cooking, cleaning, correct 

medication dosing etc. People employed within assisted living are however most often not 

licensed to perform any advanced care.  

 

Advanced home care is similar to assisted living but with a larger focus on actually delivering 

care. The purpose is to provide care for patients with severe illnesses so that they can stay in 

their homes instead of having to stay in hospitals. Home care is also an option for patients close 

to the end of their lives that require palliative care. The need of the patient decides if advanced 

home care is a suitable form of care, and it is the primary care or hospital doctor that decides if 

the patient should be given advanced home care. In most cases each county organizes their own 

advanced home care system.  
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Patients that aren’t capable of living alone at home anymore can be given housing in nursing 

homes. At nursing homes there is always licensed health care professionals available that can 

help the sick when they are in need. The residents live in separate rooms or apartments in 

complexes with common areas and canteens.  

 

3.2 Support systems within the health care system 
There are a multitude of support systems that are used by the health care sector. In the coming 

paragraphs the systems that are of relevance for the thesis will be explained in detail, as to 

facilitate the understanding for the reader.  

 

3.2.1$Referral$system$
Referral forms are written when a patient is transferred between health care providers. A referral 

is a message containing information about what examination the patient needs, as well as 

medical information regarding the patients’ symptoms and medical history. The referral can be 

sent electronically if the health care providers use the same electronic health record (EHR), 

otherwise it has to be printed and posted or handed to the patient. The referral procedure is 

carried out in three steps: (1) The referral is sent from a care provider to another (2) The second 

care provider accepts or rejects the referral request and  (3) The patient is sent to the second care 

provider, provided that the request was accepted. The flow of information is visualized below in 

Figure 2. 

 

   

Figure 2: Information flow between care providers 

 

3.2.2$Electronic$health$records$
Patient information is commonly recorded in individual health records, ensuring that health care 

professionals can access relevant patient information when they need it. This access to 
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information makes health records one of the keys to delivering patient safety and quality of care. 

There is a lot of information stored in each patient’s health record, such as personal information, 

diagnosis, treatment and clinical appointments.  

 

Health records are saved electronically in Sweden. These EHRs are often saved on local health 

record databases at each hospital or primary care center. EHRs simplify information sharing 

between health providers using the same system.  Patients have the right to decide if they want 

care providers using the same system to be able to access their health record or not. Patients can 

decide if they want to keep some parts of their medical history blocked from health care 

providers not treating a particular ailment. Each time an EHR is opened it is registered, which 

makes it possible to track who has read the file. 

 

In Sweden there are currently five main EHR systems in use and together these systems cover 

almost all the hospitals in Sweden (Jervall and Pehrsson, 2013). The intercommunication ability 

of these five systems is limited, however there are projects currently underway with the aim of 

increasing the intercommunication capabilities. Private practitioners and primary care centers 

often use other EHR systems then the five major ones used by Swedish hospitals. This is often 

due to economic considerations.  

  

3.2.3$National$guidelines$
National guidelines are informative documents that explain how to best diagnose and then treat 

patients with specific ailments. In short they are a set of clinically validated standard operating 

procedures (SOPs). The National Board of Health and Welfare (Socialstyrelsen), the Medical 

Products Agency (Läkemedelsverket) and different national specialist societies write national 

guidelines to make sure that there is an information source that doctors can use to provide the 

best possible care for their patients. The guidelines also create a system that promotes equal care 

for all.  Sometimes there are different examination and treatment methods to choose from. In 

such cases the patient has the right to choose which treatment they want after having received 

comprehensive information regarding the adverse effects. Doctors aren’t obliged to follow the 

guidelines, but they have been proven to increase the quality of care.  

 

3.2.4$Quality$registers$
Quality registers are registers where patient specific, but anonymous, information regarding a 

special diseases or treatment is gathered. The information in the register consists of the patients’ 

physical data, lab data, results from relevant examinations, the chosen treatment and its affect. 

The gathered information is used as dataset for studies, evaluating the patient care for the 
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specific disease. The conclusions drawn from these studies may lead to substantially improved 

care for the patient group. 

 

3.7 Summary Chapter 3  
In Chapter 3 the reader was introduced to the three level structure of the Swedish health care 

system and the main support functions that span the three levels. The three levels of the health 

care system are in-patient care, out-patient care and home care. In-patient care is defined as care 

where a patient is admitted to a hospital, while out-patient care is any meeting between health 

care providers and patients where the patient isn’t admitted.   

 

The main support functions to health care providers on all structural levels in the Swedish health 

care system  that are of relevance in this report are referral system, EHRs and guidelines. EHRs 

are electronic health records where important data concerning patients is stored. Guidelines are 

developed in order to inform health care professionals of the golden standard in treatment and to 

standardize the delivered care.  
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Chapter 4: Challenges facing health care 
 

 

 

4.0 The divergent needs of the health care system  
There are escalating costs in health care systems around the world and a number of underlying 

cost drivers have been identified; aging, the lack of well-developed competitive markets in 

health care, the medical technology development and the lack of tight budgetary control etc. 

(Bodenheimer, 2005; Socialstyrelsen, 2009). In Sweden the total cost of the health care system 

increased with 20% between 2000 and 2010. During the same time health care increased its 

share of the GDP with 1,1% (Socialstyrelsen [B], 2012).   

 

The rising costs within the health care systems pose serious problems for governments and 

societies and need to be addressed swiftly and decisively. The rising cost in health care need to 

be addressed in a strategic manner, where the intended solutions decrease the costs of care while 

retaining or increasing the quality of care (US Council of Economic Advisers 2013). Solutions of 

this type often focus on increasing the efficiency of the care provided in different ways. One way 

to increase efficiency is by strategically implementing and using information and communication 

technology (Girosi, 2005). This thesis will focus on how efficiency can be increased in the 

Swedish health care system by introducing IT-based clinical decision support systems.  

 

4.1 An ageing population 
The global population has rapidly aged over the last century and it will continue to age during 

the coming century. During the first part of the 20th century the population of the current 

industrialized countries aged the most, however the population of the non-industrialized 

countries is currently increasing swiftly. The ageing population is one of the drivers behind the 

problems that health care systems are facing currently and in the future (Framtidskommissionen 

2013). Ageing is linked to a number of serious health related problems, such as cardiovascular 

 

In Chapter 4, the reader will first be introduced to universal challenges facing health care 

systems, such as rising costs due to population ageing. Then the focus will shift to how to 

counter the rising costs within health care while ensuring and improving the quality of care. 

Clinical decision support systems will be presented as one of these solutions.  
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disease, cancer, arthritis and diabetes type II (Myndigheten för vårdanalys, 2013; Socialstyrelsen, 

2013). These conditions are linked to high costs, complicated care chains and often suboptimal 

care for the patient (Socialstyrelsen [B], 2013; Myndigheten för vårdanalys, 2013).2 When the 

population ages these conditions will become more common and the cost of care for society will 

increase (Framtidskommissionen, 2013). 

 

Figure 3 shows how the percentage of the global population that is older than 65 will continue to 

grow during the coming 50 years while the percentage of the population that is 5 or younger will 

decrease (WHO, 2011). This change in age demographics implies that in the future a smaller 

working age population will have to support a larger elderly population, which will cause 

problems for welfare states. Challenges will arise in different areas of society such as; pension 

systems, health care systems, labor force size etc. (Framtidskommissionen, 2013).    

 

 

Figure 3: Age demographics of the world population 1950-2050 (WHO 2011) 

 
The Swedish population is aging, and will continue to age in the future, just like the average 

global population. Figure 4 presented below shows that the population that is above 65 is 

increasing and that it will continue to increase dramatically over the coming 30 years. Figure 5 

shows that the population pyramid shows tendencies towards inversion.  Due to aging of the 

population ageing Sweden will logically face the same problems as the rest of the industrial 

world when it comes to an increase in chronic and age related diseases. This situation creates 

pressure on the Swedish health care system to introduce reforms that improve the efficiency of 

the organizations and the processes.  

 

 

                                                
2 Interview with the chief medical officer at the Karolinska University Hospital, 10/2 2014, and the former head of anesthesiology and intensive 
care at Danderyd Hospital, 12/2 2014 
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Figure 4: Age demographics in Sweden, three age 
groups, 2007-2047 (SCB 2011) 

 
 

4.2 Baumol cost disease 
From a theoretical point of view the theory presented by Baumol and his colleagues (1967) is 

interesting to use when analyzing the costs of health care. They presented a theory that gives an 

explanation to why the cost of labor-intensive personal services has increased over time in 

comparison to other types of goods and services. Baumol’s theory could in part explain the rising 

costs of health care in modern society. 

 

The theory is based on the idea that the cost of personal services that contain an element of 

handicraft, such as education and health care, rise faster than the cost of other services and 

goods, as seen in Figure 6. These costs increase faster than the inflation rate because the labor 

quantity used to produce the service/good is difficult to change, while other areas of production 

can be incrementally become more effective by the use of technology. This means that the 

human work effort, the hours needed for a single task, will be fixed within health care while it is 

reduced in, for example, the automotive industry (Baumol, 1967). 

 

 

Figure 6: The effects of the Baumol cost disease (Baumol 2012) 

 

Figure 5: Population pyramid for Sweden 31st dec. 1900 
and 31 dec. 2010, 5 year age interval, share of total 
population per interval (SCB 2011) 
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4.2.1$Further$drivers$that$effect$the$cost$of$health$care$
There are also numerous internal drivers within the health care system that increases the cost of 

care. It is mainly these internal cost drivers that can be optimized in order to deliver more 

efficient care. Among these drivers are: long queues, flawed diagnostics, flawed treatment, 

unnecessary referrals and problems that occur due to loss of information in communication 

between care providers. These problems in turn lead to unnecessary planned and emergency 

readmissions, which increases the queues and the risk of further problems.  

 

4.3 Ability and willingness to face the problems 
As described above the health care system is facing numerous problems like the increased need 

of health care due to the aging and growing population can’t be solved of itself. The health care 

system can’t meet these problems by spending more money on new hospitals and increased staff, 

since the costs of health care is already increasing. Instead the health care system has to become 

more efficient, improving process and routines. 3 The thesis is delimited to focus mainly on how 

higher efficiency can be reached by implementing information communication technology (ICT), 

such as CDSS. There are two factors that determine how well ICT solutions can increase the 

efficiency; the ability of the technology to handle the problem and the willingness to invest in 

technology on the political level. 

 

4.3.1$The$ability$to$face$the$problems$through$IT$
IT has evolved greatly over the last century, especially when it comes to computing power. 

Moore’s law has been followed and the computing power of computers has doubled every 18 to 

24 months (Moore 1965). With the use of digitalization, computer processing, artificial 

intelligence and networked communication it is possible to cut costs of production and services 

to almost zero. The ability to automate and augment out cognitive tasks enables computers to 

either complement or substitute human labor. Routine jobs, such as assembly lines in factories 

have already almost disappeared, and we can expect routine cognitive work, such as entry-level 

lawyers to go in the same direction (Brynjolfsson and McAfee, 2014). 

 

In health care the computing revolution can also have a large impact, and the possibilities are 

countless. Nevertheless the health care sector has been relatively slow in its adaptation of IT 

systems in comparison to many other industries, up until now. Health care technology is 

evolving at a fast pace and the awareness has increased concerning what can be undertaken by, 

for example, robotics in health care such as surgery of pancreatic cancer. Standardized activities 

                                                
3 Interview with two partners at Health Navigator, 26/3-2014, two analysts at Health Navigator, 26/3 2014 
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that mainly require a good memory can be partially computerized, which makes it possible for 

jobs within the health care sector to be supplemented with computers. Diagnostic activities, for 

example, could therefore be computerized while the actual individual bedside care of the patient 

couldn’t (Brynjolfsson and McAfee, 2014). 

 

It is clear that IT may change the way health care looks and works drastically; it might also 

increase our ability to face the existing problem due to ageing populations and increasing costs. 

 

4.3.2$Political$agenda$to$change$the$situation$in$Sweden$
Policy makers in Sweden also acknowledge the problem of rising health care costs and the need 

to improve the health care system. (Socialdepartementet Konferens, 2013). There are different 

ways to improve and increase the efficiency of health care systems; for example through 

implementing quality registers, increase the adherence to national guidelines and through 

implementation of information communication technology (ICT). Sweden is investing in all of 

these fields in order to increase the efficiency and reduce the costs in the health care system 

(Socialdepartementet, 2013 [A]; Statens offentliga utredningar, 2013).  

 

Sweden was an early adopter of the ICT technology EHRs, which has had a proven effect for 

reducing health care costs (Adler-Milstein, 2013). Even though ICT systems can increase 

efficiency and ameliorate the Swedish health care system there is currently a declining trend in 

new ICT investment. The reason is that the capital needed for ICT maintenance has increased 

with the implementation of each new system and the ICT budget is restricted.4 

 

4.4 Implementation of ICT solutions to increase efficiency 
The development of information and communication technology has had a great effect on 

modern society. ICT-systems have increased productivity, helped standardization and 

revolutionized communication (Nagy, 2010).  

 

EHRs are an important part of eHealth, and are in essence digitalized versions of patient paper 

journals in which the clinical and medical information regarding a patient is recorded. 

Digitalized EHRs are superior to non-digitalized systems in many ways and give rise to several 

advantages:  

 

 
                                                
4 Interview with the chief medical officer at the Karolinska University Hospital, 10/2 2014. 
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• Increase quality and convenience of patient care 

• Increase patient participation in their care 

• Improve accuracy of diagnoses and health outcomes 

• Improve care coordination 

• Increase efficiency and cost savings (US Government HealthIT, 2014) 

 

The next step in EHR evolution is to create systems that not only record information, but systems 

that are interactive and help health care professionals and patients to improve the given care 

(Agerberg, 2012). 

 

There are ICT systems, other than EHRs, that could be implemented to a larger extent in Sweden 

in order to improve the provided care and increase efficiency. Among these systems are: health 

management systems, telehealth systems and clinical decision support systems. In Sweden a 

successful health management system has been implemented in several counties. The system 

enables a long-term relationship between nurses and care intensive patients, through regular 

phone calls. The nurse systematically contacts the patient in order to receive updates on their 

health situation, including a risk assessment for the need of in-patient care, so that relevant data 

can be introduced into EHRs. These systematic calls have reduced the total number of outpatient 

visits, the number of emergency department visits, the number of days patients were admitted to 

hospitals as well as the total health care costs for hospital admissions (Reinius, 2013). 

 

Telehealth systems exist in many different forms but they are generally ICT systems designed to 

support long-distance clinical health care. Technologies include video-conferencing, vital signs 

monitoring and education. The economical and clinical benefits of implementing telehealth 

systems has been studied and the results are ambiguous, although a study performed during 2012 

showed significant mortality rate and hospitalization reductions (Steventon et al., 2012). 

 

Clinical decision support systems (CDSS defined further in Chapter 3) have been proved to 

increase the efficiency of health care processes, yet further studies have to be carried out in order 

to prove or disapprove an increase in the quality of care while reducing costs (Bright et al., 

2013). 

4.5 Summary Chapter 4 
In Chapter 3 the reader was introduced to the problems facing Swedish health care. The 

population is growing older and the health care need of the elderly is high. In order to meet the 

challenge of increasing health care use, the health care system has to become more cost effective 
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without decreasing the quality of the delivered care. There is a political ambition to meet this 

challenge through the implementation of IT-systems. The development of electronic health 

records system was a first important step in this development, the next is to develop clinical 

decision support systems that can help the physicians to deliver the best possible care at the right 

time, based on aggregated information.  
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Chapter 5: Clinical decision support systems 
 

 

 

5.0 Introduction to clinical decision support systems  
Decision support systems can vary greatly in nature; they can take the form of anything from 

checklists to computerized systems built to handle vast amounts of information. Some systems 

even interpret data, and suggest further care for the patient. There are two different types of 

CDSS dependent on how they are constructed. Logic CDSS are built on rules; an example is a 

CDSS that gives warnings about drug interaction where it advices the physician to refrain from 

administering a drug, as it would cause adverse effects combined with an already administered 

drug. Ultimately, a logic CDSS is a virtual issue tree that resembles a checklist. An intelligent 

CDSS, on the other hand, uses artificial intelligence and neural networks to interpret and draw its 

own conclusions based on former patterns and outcomes. It can be said that an intelligent CDSS 

develops new algorithms for creation of new issue trees (Wagholikar, 2011). A schematic view 

of a logic CDSS system is shown in Figure 7 and in Figure 8 an intelligent system is shown.  

 

 

 

 

 

 

 

 

In the field of CDSS a working definition of CDSS has been proposed, that covers both logic and 

intelligent systems: "Clinical Decision Support systems link health observations with health 

knowledge to influence health choices by clinicians for improved health care." 

- Robert Hayward (McClellan et. al., 2008) 

 

In Chapter 5, the definition of CDSS used in the thesis will be discussed. The reader will also 

be presented with an in-depth introduction to CDSS including information of benefits and 

drawbacks, the two main CDSS structures and key success factors for implementation.  

Figure 7: Logic CDSS Figure 8: Intelligent CDSS 
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In order to illustrate how a CDSS can be used four applications of CDSS systems are presented 

and briefly described in Table 1, and Figure 9 shows a schematic representation of a CDSS that 

would comply with the definition proposed by the authors of the thesis.5   

 

 

 

 

 

 

 

 

 

 

 

Figure 9: Use of a CDSS 

 

5.2 Benefits associated with CDSS 
There are many potential benefits associated with the implementation of CDSS. The systems 

typically reduce the risk of human error, while increasing the patients’ quality of life and saving 

the health care system both time and resources. The patients’ quality of life could increase 

because the provided care would meet the need of the patient faster while providing higher 

quality. The correct use of a CDSS may also reduce the practitioners need to seek a second 

opinion regarding patients. There is also statistical evidence for specific positive benefits 

associated with CDSS implementation. These positive effects included the following, among 
                                                
5 For the authors definition of a CDSS please see Chapter 1 Section 1.0 

Type of CDSS Purpose 

Medical ordination To aid the physician in prescribing medicine to patients, ensuring that 

there will be no adverse effects from medical interaction. 

Triage Helps emergency care professionals to rank and sort patients in order for 

the right patient to get the right care at the right time.   

Diagnostics Aids the physician in the diagnostic process, giving relevant information 

and suggestions at the point of diagnosis.  

Preventive care Alerts the physician of raised probability for a worsening health 

condition that can be avoided through early preventive action. 

Table 1: Four types of CDSS in terms of use and purpose (Gustavsson et. al., 2007) 
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others: Prevention of diseases, medication, ambulatory care, practitioners performance, 

identification of risk behaviors, rates of screening and counseling (Bright et.al., 2012; Souza et. 

al., 2011; Jaspers et. al., 2011).  

 

Because of the quality increase in the initial care the patient will be less likely to need further 

care, and the reduced need for future care in turn has a strong positive effect on the health care 

system. Money is saved due to the reduction in readmissions, care days and the fact that queues 

are shortened since there will be less people seeking care. Each care day costs the in-patient 

system on average 10 000kr.6 Altogether, CDSS has shown to give rise to fewer patients 

complications, lower mortality and lower costs (Meyer and Degoulet, 2010; Calloway et.al., 

2013). The right care given at the right time will reduce the number of patients that have to 

return to in-patient care at hospitals, which reduce cost. 

 

Time, money and increased quality of care can also be reached by reducing the human error. 

Human error is in short a deviation from the plan or how something was supposed to be carried 

out. This deviation from the plan can be that the actions went as planned but the plan itself was 

faulty, or that the plan was good but the performance was bad (Dekker et.al., 2012). Human 

errors can occur in health care as well, for example when a doctor prescribes medication that has 

adverse effects due to already prescribed medication.  Computer systems and CDSS can be built 

to reduce such errors from happening.7 

 

5.3 CDSS limitations and problems associated with its implementation 
There are challenges related to the implementation and development of CDSS systems. A major 

problem in the field is that there is a lack of dissemination of best practices in CDSS design, 

development, and implementation. Successful CDSS systems do exist, and best practices and 

relevant lessons need to be drawn from these for implementation in other health care settings. In 

order to increase the dissemination of best practices to a broader user base, standardized modules 

and programming has to be promoted and used on a broad scale. A common programming and 

modular system would mean that an architecture for sharing executable CDSS modules and 

services could be built with a worldwide user base (Sittig, et al., 2008)8.  

 

The implementation of CDSSs is also hindered by the skepticism that physicians feel towards 

computerized systems trying to perform and take over the physicians’ role. Physicians tend to be 

                                                
6 Interview with the chief medical officer at the Karolinska University Hospital, 10/2 2014 
7 Interview with project manager and certified physician at Health Navigator, 24/2 2014. 
8 This type of sharing system would have similarities to, for example, the Apple Application Store. 
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protective of their area of expertise and can feel that their professionalism is threatened by the 

CDSSs. Furthermore CDSSs can create problems for the physicians when it comes to patient 

accountability and responsibility. Furthermore the patients can also be negatively inclined 

towards CDSS if they don’t trust that the systems are reliable concerning personal integrity and 

secure.9  

 

Further limitations of CDSS are that they don’t work for all kinds of knowledge or information. 

Tacit knowledge is defined as the  “unwritten, unspoken, and hidden vast storehouse of 

knowledge held by practically every normal human being, based on his or her emotions, 

experiences, insights, intuition, observations and internalized information” (Polanyi, 1966). It is 

information that you cannot pass on to someone else by simple instructions, instead it is 

knowledge and skill that you learn by doing, i.e. the art of medicine. The classical example of 

tacit knowledge is that you cannot teach someone to ride a bike; they have to practice until they 

can remove the training wheels. This can be directly transferred to the medical society where 

tacit knowledge is needed, for example, during surgery. This might be another reason for why 

physicians may be reluctant to the use of CDSS, as they know that they are not capable of 

transferring all types of knowledge. 

 

5.4 Features of successful CDSS systems 
Certain criteria have to be met for a CDSS to be successfully implemented and bypass the 

problems stated above. A successful CDSS is a system that is implemented and used by its 

intended users, as well as producing the desired outcome. These criteria involve how the CDSS 

is developed and designed to make the physicians accept them in their work habits and flows. If 

these criteria are not met the CDSS will generally not be accepted by the physicians, leading to a 

CDSS that doesn’t promote the highest possible efficiency. Bright et al. (2012) identified the 

following as features of a successful CDSS: 

1. Engages local users during system development 

2. Links with electronic patient charts to support workflow integration 

3. Automatically incorporates patient data from electronic health records 

4. Provides patient assessments and treatment recommendations automatically 

5. Delivers assessments and recommendations at the time and location of decision-making 

6. Gives a recommendation, not just an assessment 

7. Gives decision-support results to patients as well as providers 

8. Promotes action rather than inaction 
                                                
9 Interview with project manager at Health Navigator, 24/2 2014 
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9. Provides research evidence to justify assessments and recommendations10 

 

5.5 CDSS implementation and development in the world  
It is mainly industrialized countries that have started to implement CDSSs, and it is health care 

providers, researchers and companies in the United States are at the forefront of CDSS 

development (Markets and Markets, 2014). CDSSs have been a hot topic for a long time, 

although there has been a gap between the hope for what technology would accomplish and what 

the technology could actually do. However during the last six years the publications related to 

decisions support systems and clinical decision support systems have increased substantially. 

This could be seen as a sign that the research is being conducted into best practices and 

implementation strategies. When performing searches with CDSS related search terms in 

Medline an approximate 300% increase in hits can be seen between 2006 and 2014, see Table 2. 

This increase in hits can be seen as an indication that the subject is gaining interest in the 

scientific community.  

 

Medline  

Search term Hits 2006 Hits 2014 Settings 

“Decisions Support Systems, Clinical” 1264 3289 MeSH Major Topic 

“Decision Support Systems, Management” 548 893 MeSH Major Topic 

”Computerized decision Support” 124 311  

“Decision Support System” 814 1824 Review Articles 

“Decision Support” Sweden 81 367  

“Decision Support” Evaluation 2342 5703  

“Decision Support” prognostic 113 382  

Table 2: Number of hits using Medline search in 2006 vs. 2014 

 
It is difficult to accurately define the extent of CDSS penetration in Sweden, mainly because 

there is very little written concerning the market. It is clear that there exists at least one system in 

                                                
10 Interview with the senior consultant in cardiology at Karolinska University Hospital in Huddinge, 17/4 2014 
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use today that falls within the definition of CDSS that is proposed in this thesis.11 In a paper from 

2006 it was found that there was up to 30 different CDSS in Sweden (Gustavsson et. al., 2007), 

however Gustavsson used another CDSS definition. The widespread use of EHRs and quality 

registers in Sweden should make the Swedish CDSS market attractive, since it facilitates further 

development and implementation of a wide range of different types of CDSSs (Center för 

eHälsan i Samhället, 2012).   

 

5.6 Two application views: user and level  
When considering the development of a CDSS system it is important to think about what role the 

end user will have and how the system will be used within the health care system. The end user 

of a CDSS can be a physician, nurse, the actual patient under treatment or any combination of 

these. Depending on whom the user is the systems will have to display different information, and 

it is important to include security measures in the CDSS that ensures that only the intended user 

can use the system. The security functionality has to be developed to function in accordance to 

the law regarding patient privacy (Patientdatalagen 355, 2008). 

 

CDSSs can have different scopes, meaning that they can be designed to be used on higher/lower 

levels within a health care organization. Macro systems are systems integrated into the computer 

landscape of the hospital, which means they are systems that are used across the board by health 

care professionals at different clinics and divisions. Mezo systems are systems that are used at a 

specific clinic or division (the mezo level) by the health care professionals. On the mezo level 

the system is customized to enable the team at the specific clinic to work more effectively. The 

lowest level of implementation is the micro level; on the micro level it is a specific physician or 

team of physicians that have a highly customized system specific for their specific needs 

(Bronfenbrenner, 1979).  A visualization of the levels can be seen in Figure 10. 

 

                                                
11 The system is called Janus fönster and its purpose is to notify physicians if there are adverse effects or drug interaction when prescribing new 
medication to patients (Stockholms läns landsting [A], 2014) 

Figure 10: Levels of health care 
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5.7 Summary Chapter 5 
In Chapter 5 the most important aspects of clinical decision support systems (CDSS) was 

presented with its rising popularity and potential for further implementation in Sweden. CDSS 

can be built in two ways, resulting in a logic or an intelligent CDSS. A logic CDSS is one built 

on rules and resembles a virtual issue tree, while an intelligent CDSS uses artificial intelligence 

to recognize patterns and create new algorithms as it comes to new conclusions.  

 

The definition of a CDSS that has been developed for this thesis is: “A clinical decision support 

system is IT-based, linked to EHRs, and gives relevant information and prompts health care 

professionals to action. The purpose of the CDSS is to facilitate and improve the given care and 

ensure that guidelines are followed.” Benefits associated with CDSS are reduced risk of human 

error, which increase quality of care by giving the right care at the right time to patients. 

Limitations in its use are its incapability of handling tacit knowledge, as well as its difficulties 

with successful implementations. What has to be decided when developing a CDSS is who the 

user is, as well as on what level it is supposed to function. The user could be the physician, nurse 

or patient, while the level is divided into micro, mezzo or macro systems.  
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Chapter 6: Results and discussion 
 
 

 

6.0 The CDSS identification process 
In order to identify a need for a CDSS in Sweden a complex process was used, visualized in 

Figure 11. The process is divided into five phases to facilitate the readers understanding. Phase 

1, 3 and 5 are visualized as boxes as they represent phases of analysis and narrowing of the 

focus, while phase 2 and 4 are visualized as arrows and represents phases where there is a 

deepening of knowledge. 

 

• Phase 1: Finding an area of interest, such as a specific diagnosis, within the health care 

system where the need for a CDSS is deemed high. The need is determined using a set of 

developed criteria.  

 

• Phase 2: Mapping the care chain of the diagnosis in order to gain a deeper understanding 

of the processes and people involved. 

 

• Phase 3: Constructing hypotheses concerning where along the care chain areas of 

improvement that could be solved using a CDSS exist. 

 

• Phase 4: Confirming or rejecting the proposed hypotheses from phase 4 through 

interviews with relevant experts.   

 

• Phase 5: Presenting the efficiency problem that could be solved using a CDSS and the 

design of said CDSS.  

 

In Chapter 6, the results and discussion of the thesis will be presented; including the 5 phases 

required to identify a need for a CDSS in Swedish health care.  Each phase includes elements 

of background, methodology, results and discussion.  

Figure 11: The process used to identify the need for a CDSS in Swedish health care 
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6.1 Phase 1: Finding an area of interest 
The first step in the process of finding where a CDSS could increase the efficiency of delivered 

care was to identify where within the health care system the need could be the largest. As there 

are many areas that could potentially benefit from the implementation of CDSS, a ranking 

system was developed. The ranking system uses five selection criteria to determine if a need for 

a CDSS exists or not, the selection criteria where identified through a series of interviews.12 The 

criteria are presented below, and in the coming paragraphs the relevance of each of the selection 

criteria will be explained in more detail. 

 

1. Evidence for successful implementations of CDSS within that area/diagnosis 

2. An area on the political agenda or in mass medial debate 

3. Unjustified and essential differences in patient care 

4. The number of patients with the diagnosis 

5. The complexity of the health care process 

 

For each diagnosis and area that was deemed interesting to research a literature review was 

performed in order to get relevant information concerning the criteria stated above.  

 

6.1.1$Evidence$for$successful$implementations$of$CDSS$$
In order to identify where within the Swedish health care system the largest need of CDSSs 

exists it is important to understand where improvements can realistically be made. In order to 

identify what areas, diagnosis and processes that can realistically be improved a review of 

articles describing the effects of CDSS implementation was performed. The articles where all 

case studies (or meta studies) describing unique CDSS implementation situations, but they could 

still give indication as to which areas, diagnoses and process that could benefit most from CDSS 

implementations.  

 

6.1.2$An$area$on$the$political$agenda$or$in$the$mass$medial$debate$
If the area or diagnoses is prevalent in the political and mass medial debate it is a useful selection 

criteria, since it is an indicator of a significant societal wish to change current processes or 

treatments. This, in turn, increases the probability that decision makers will be willing to 

implement the suggested CDSS. For this thesis it is important that there is a high probability of a 

practical successful development and implementation, otherwise there’s no point in identifying 

where the need for CDSS is the largest. 

                                                
12 Interview with two partners at Health Navigator, 26/3-2014, two analysts at Health Navigator, 26/3 2014 
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6.1.3$Unjustified$and$essential$differences$in$patient$care$
Differences in patient care is an important issue for the health care system. Some differences do 

not affect the patient in any major way but some may have life altering impact, these are known 

as essential and unjustified differences or as varying care (Myndigheten för vårdanalys, 2013). 

Essential and unjustified differences often arise in situations where physicians don’t follow the 

existing guidelines and recommendations for how to treat patients. One of the most common 

uses of CDSSs is to make practitioners follow the guidelines by structurally enforcing them. By 

enforcing the guidelines CDSSs can decrease the number of essential and unjustified differences 

in the health care system. The existence of unjustified and essential differences in a care process 

is therefore a powerful selection criteria when identifying the need of CDSS implementation. 

  

6.1.4$Number$of$patients$with$the$diagnosis$
The number of patients suffering from the diagnosis is an important selection criteria when 

identifying the need of CDSS implementation for a number of reasons. The number of patients 

being treated for a diagnosis is correlated with the expected use of the CDSS. Some diagnoses 

affect a large proportion of the population and therefore the expected use of a CDSS will be 

larger within that care chain than in one where fewer patients are treated.  Furthermore the 

societal cost of diagnoses that affect a large proportion of the population is expected to be much 

larger than the costs of diagnoses that only affect a few. The potential positive effects of a CDSS 

implementation such as better care and efficiency improvements will decrease the costs for the 

society as a whole while improving the lives of the individual patients.   

 

6.1.5$The$complexity$of$the$health$care$processes$
Complex health care processes and care chains can cause serious problems for individual 

patients and the health care system. Complex care chains are characterized by the involvement of 

many different care providers and long term treatment. When a patient is referred between 

different care providers (hospitals, clinics, primary care centers etc.) there is a risk of information 

loss and maltreatment. The risk of information loss is increased due to the lack of integrated 

EHR systems across the different care providers and because of the individual care providers’ 

negligence when filling out referral forms and EHRs. The information loss can have serious 

impact for the individual patients. CDSSs can decrease the risk of information loss by increasing 

standardization and improving information pathways.13   

 

                                                
13 Interview with two partners at Health Navigator, 26/3-2014, two analysts at Health Navigator, 26/3 2014 
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6.1.6$Identifying$the$most$relevant$diagnosis$
Through a rigorous literature review and multiple interviews14 a number of interesting diagnoses 

and areas were identified. Areas are any processes or ailments that were analyzed that were not 

specific diagnoses, such as pregnancy or hip replacement surgery.  A large number of diagnoses 

and areas were analyzed however only the most relevant diagnoses/areas were investigated 

further using the inclusion criteria described above. The diagnoses/areas that were identified as 

having the largest potential of presenting a need for a CDSS were: heart failure, diabetes type II, 

chronic obstructive pulmonary disease (COPD), cancer, psychiatric illnesses and 

pregnancy/delivery.  In Table 3 the diagnoses/areas are presented together with their score for 

each selection criteria. The number of patients’ column describes the current number of patients 

with the diagnosis in Sweden, except for cancer and pregnancy/delivery where the number 

corresponds to the number of new cases per year.  

 

Diagnoses/*

Area*

Positive*

evidence*

Political*

agenda*

Varying*

care*

Complicated*

care*process*

Number*of*

patients15*

Heart*Failure* ✓* ✓* ✓* ✓* 250*000*

Diabetes*Type*II* ✓* ✓* ✓* ✓* 290*000*

COPD* * ✓* * ✓* 100*000*

Cancer* * ✓* ✓* ✓* 60*000/*year*

Psychiatric*illness* * ✓* ✓* ✓* 450*000*

Pregnancy/delivery** * ✓* ✓* * 84*000/*year*

Table 3: Visualization of the results from phase 1 

 

The areas COPD, pregnancy & delivery, cancer and psychiatric illnesses have varied results in 

Table 4 and don’t fill all the identified criteria. Diabetes and heart failure however both fill all 

the criteria, after examining and comparing the underlying data in more detail heart failure was 

chosen for further investigation. In the coming paragraphs the background to each of the 

areas/diagnoses is given.  A comparison between the diabetes type II and heart failure is also 

presented in order to support the focus of the report.  

 

                                                
14 Interviews with the chief medical officer at the Karolinska University Hospital, 10/2 2014, former head of anaesthesiology and intensive care at 
Danderyd Hospital, 12/2 2014, two partners at Health Navigator, 26/3-2014, two analysts at Health Navigator, 26/3 2014, and one project 
manager at Health Navigator, 24/2 2014. 
15 The stated number of patients has been identified using information from the National Board of Health and Welfare 
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At first glance, psychiatric illnesses might look interesting as an area to focus on for the 

development of a CDSS since there are so many patients (around 450 000 patients, according to 

the National Board of Health and Welfare). The area could also be interesting due to the extent 

of varying care (Socialstyrelsen [B], 2013). However the care chain for psychiatric illnesses is 

perhaps too complex for CDSS to function well, due to the varying nature of the problems faced 

by the patients. This logic is supported by the fact that there has been evidence from studies that 

show that little or no positive effect from CDSS implementation in psychiatric care (Souza et.al, 

2011). Psychiatric care is therefore omitted from further investigation and analysis. 

 

Chronic obstructive pulmonary disease (COPD) is a chronic disease that affects a large part of 

the population. This combination indicates that it is a highly interesting disease to include in the 

CDSS evaluation. However the disease was excluded as a viable candidate for the in-depth study 

in Phase 2-5 due to the lack of varying care (Socialstyrelsen [B], 2013) and the lack of positive 

effect of CDSS implementation (Sahota et.al., 2011; Rashanov, 2011).  

 

Cancer is the second largest cause of death in Sweden after cardiovascular diseases 

(Socialstyrelsen [B], 2013). Cancer is a complicated illness to evaluate from a CDSS need 

perspective since is comprised by many separate and highly particular diagnoses. The care chain 

for cancer is complex due, in part, to the number of physicians and treatment centers involved in 

the process and the complexity of the treatment. There are guidelines for how to treat cancer in 

Sweden, but there are still differences in how patients are treated, depending on the hospital and 

the county or region (Socialstyrelsen [B], 2013). Cancer is an important diagnosis but it won’t be 

the focus of the thesis because of the lack of earlier evidence for the successful implementation 

of cancer related CDSS systems (Souza et.al, 2011). 

 

The care chain for pregnancy and delivery in Sweden is relatively straightforward, and the 

complexity of the care chain is relatively low due to standardization. However, differences in the 

delivered care can appear when complications arise during the pregnancy.16 There was no clear 

evidence of positive effects when using CDSS within the area of pregnancy and delivery. The 

care within the area of pregnancy and delivery could probably be improved but there are other 

areas with larger needs.   

 

The areas that showed clear positive indications on all criteria were heart failure and diabetes 

type II. There are studies of implemented CDSSs within both areas where statistical evidence has 

                                                
16 Interview with two partners at Health Navigator, 26/3 2014 
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shown that improvements were made to the clinical practice. Studies regarding heart failure 

showed that the use of CDSS improved the outcome of diagnosis and medication administration, 

while medication administration was improved in terms of diabetes type II care (Bright et. al., 

2012; O’Connor et.al., 2011; Jeffrey et. al., 2013). Furthermore both diagnoses are on the 

political agenda, for example they are both part of the 4D program in Stockholm.17  

 

Both diseases show varied care throughout the country. For example for heart failure, research 

showed that men receive treatment with RAAS-inhibitors18 more often than women at Swedish 

hospitals; 87% of men (<80 years old) in comparison to 83% of women (< 80 years old). This is 

a serious problem, since RAAS-inhibitors is an effective treatment for reducing the blood 

pressure of heart failure patients.19 There is no scientific reason as for why women shouldn’t 

receive the treatment to the same extent as men. Varied care of patients with diabetes type II was 

found in terms of medication, diagnostic methods and treatment efficacy. For example the 

number of patients with a blood sugar level above 73 mmol/l was twice as high in Västerbotten 

county 2012 in comparison to Östergötland county. The blood sugar level 73 mmol/l is used as 

threshold value, where the value or above heavily increases risk of secondary diseases  

(Socialstyrelsen [B], 2013). 

 

Both heart failure and diabetes type II have complicated care processes. The complexity is 

mainly due to the chronic nature of the diseases and the number of medical professionals and 

medical specialties involved in the treatment of each patient. Information is lost in the care chain 

due to the lack of SOPs when it comes to patient specific information sharing between treatment 

areas. Both diseases are important from a socio-economic point of view since they are 

widespread with a high number of patients. There are around 250 000 patients with heart failure, 

contra 290 000 patients with diabetes type II in Sweden today, and we can expect the numbers to 

rise as the populations continuous to age (Socialstyrelsen [B], 2013).  

 

Heart failure and diabetes type II both seem like interesting focus areas based on the matrix. 

However, heart failure was chosen as the focus area for two reasons. First of all the level of 

variance within the heart failure care, across Sweden, was perceived as more significant than for 

diabetes (Socialstyrelsen [B], 2013). Secondly, the political will to implement computerized 

systems in order to increase the quality of delivered care is also perceived to be larger for heart 

failure. This is mainly due to the fact that a specialized computerized EHR for cardiovascular 
                                                
17 4D is a program that the county of Stockholm and the Karolinska Institute started in 2012, which aims to bring research results faster into 
practice to create better health care (Stockholms läns landsting [B], 2014).  
18 up to 6-18 months after heart failure that has been treated 
19 High blood pressure increases the mortality rates (Socialstyrelsen [B], 2013)
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disease, called Hjärtjournalen, is currently being developed and implemented in the county of 

Västergötland.20 This is a positive indicator because it shows that there is enough clinical 

evidence of the validity of introducing heart failure centric EHRs to convince Swedish health 

care professionals and politicians of the potential benefits. 

 

6.2 What is heart failure? 
The definition of heart failure is a state where the heart's pumping capacity does not meet the 

metabolic needs of the peripheral tissues of the body (Persson & Eriksson, 2014). Heart failure is 

a widespread disease with an estimated prevalence of 2% in Sweden, and is more frequent 

among the elderly. In Sweden, it is the most common cause for hospitalization for patients older 

than 65 years. The risk of heart disease is 1% for inhabitants in their fifties, and it rises to 10% 

for inhabitants in their eighties. One third of patients with heart failure are newly diagnosed 

without an earlier treatment of the disease, while the majority are patients with recurrent 

worsening disease or chronic heart failure (Läkemedelsverket, 2006; Zarrinkoub et. al., 2013). 

The disease is expensive to society due to the extensive need of treatment at hospitals (Stewart 

et. al., 2010). It is one of the most care intensive and costly diagnoses within the in-patient care, 

and it is estimated to 2-3% of the total health care cost in Sweden (Socialstyrelsen, 2008; 

Socialstyrelsen, 2011).  

 

In Sweden heart disease is caused by high blood pressure and/or ischemic heart disease in 80% 

of the cases. Ischemic heart disease is a generic name for multiple heart diseases all caused by a 

lack of oxygen, mostly angina pectoris21 and heart attack (1177 Vårdguiden, 2014). Other 

reasons for heart failure are defects in the heart valve and a primary heart muscle disease. 

Desynchronized beating of the ventricles may also lead to less effective blood circulation. 

Ultimate reason for heart failure is either because of the hearts impairment of contraction 

(ejecting the blood from the heart) or impairment of relaxation (the heart cannot expand 

completely which limits the blood volume) (Persson & Eriksson, 2014).                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 

 

The most pressing symptom of heart failure is respiratory distress that worsens if the patient is 

strained or is lying down. The patient often coughs, especially during the night. Fatigue and an 

unsynchronized contraction of the heart are common and are the most specific signs of heart 

failure. The lowered blood circulation makes the body retain water, leading to swollen legs and 

bellies, and the lungs can fill up with fluid. Fluid retention also leads to weight gain, and the 
                                                
20 Hjärtjournalen is a CDSS developed to facilitate the care of heart related diseases, however it does not have a module for heat failure as of 14-
April 2014 (Domitor, 2014)  
21 Chest pains due to a lack of oxygen in the heart muscle  
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lessened blood circulation may lead to cold extremities, confusion and reduced function of the 

kidneys (Persson & Henriksson, 2014). 

 

To determine the diagnosis heart failure the patient undergoes a number of tests, in addition to 

checking for the symptoms that easily can be seen, such as shortness of breath. 

Electrocardiography (ECG) registers electrical impulses from the heart, where a normal ECG 

excludes the probability of heart failure. An abnormal ECG isn’t always due to heart failure, and 

further tests are needed. Concentration of natriuretic peptides in the blood is measured through a 

blood sample and show if the heart muscle cells are under stress.  X-ray of the heart and lungs 

shows if the heart is enlarged or the lungs are filled with fluid, although a patient may have heart 

failure without it showing on the X-ray. Ultrasound is often used to confirm or exclude the 

diagnosis, and show the blood flow inside the heart as well as the heart valves. The doctor can 

see in real time how the heart pumps blood, and can measure the flow of blood in and out of the 

heart with Doppler technique. A normal ultrasound with normal flow of the blood basically 

excludes the diagnosis heart failure (Dahlström et.al. 2009).  

 

The severity of the heart failure decides what treatment is to be given to the patient, and the 

patient is rated by the New York Heart Association scale (NYHA). The scale moves from I – IV, 

where NYHA I is a patient who is diagnosed with heart failure without any symptoms, while a 

NYHA IV patient can’t perform simple tasks without needing rest and is often bedridden 

(Persson och Eriksson, 2014). 

 

Todays’ treatment of heart failure is powerful and has large positive effects for the patients if 

carried our correctly. Treatment of heart failure mainly consists of medication for draining the 

body of excess fluid and maintaining a good blood pressure through widening of the blood 

vessels. The medication reduces the pressure on the heart muscle. The patient will in most cases 

never be free of the disease, and will need to keep taking the medicine, often in increasing doses, 

for the rest of the patients’ life. There are also life style changes that may reduce symptoms such 

as light exercise and abstinence of smoking and alcohol (1177 Vårdguiden, 2014; Persson & 

Henriksson, 2014).  

 

Surgery can sometimes cure a patient from heart failure if the cause of the disease is a 

dysfunctional heart valve. Angioplasties, when a small balloon is used to widen the coronary 

arteries, or bypass operations are sometimes performed to ensure oxygen flow to the heart. 
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Pacemakers and/or defibrillators can be inserted to ensure the patients’ heart beats evenly. Heart 

transplantations are rarely performed, mainly due to the shortage of available hearts.22  

 

6.3 Phase 2: Mapping the care chain 
In order to understand where along the care chain a potential CDSS could have a positive effect 

the care chain had to be investigated and understood, commonly referred to as mapped out. The 

care chain was mapped through an extensive literature review and two in depth interviews with 

nurses specialized on heart failure treatment.23 The interviews aimed at ensuring the 

generalizability of the care chain, as it was recognized that there are a multitude of different 

paths a patient may take during the diagnostics and treatment process.  

 

The heart failure care chain is quite a complex process. This complexity is further complicated 

by the chronic nature of the disease, where the patient never will be cured unless receiving a 

heart transplant, leading to lifelong treatments. The complexity of the care chain has its roots in 

the architectural structure of the Swedish health care system and the free choice reform vårdvalet 

(See Chapter 3, section 3.1). The structure allows for patients to seek care at a number of 

different caregivers, such as the primary care centers, company doctors, private practices and 

hospital emergency rooms, which means that the care chain will be affected and take alternate 

forms for different patients. Once treatment has begun the patient can receive care from a 

number of different care provider based on a number of factors such as the patients living 

arrangements and age. Furthermore the care chain is divergent depending on the NHYA class of 

the patient. Even though the care chain can take many forms two archetypical models were 

mapped. The care chain was mapped using two mapping methods commonly used by Health 

Navigator when analyzing care chains, a care episode map and a care action map.  

$
The care episode map focuses on the broad and general steps through which a patient moves in 

the care chain. The steps through which the patient moves are divided into different care 

episodes that represent five general care stages: investigation, diagnosis, treatment, education 

and follow-up (Rikssvikt 2014). This map gives a basic understanding of the care chain and the 

actions that are performed at the different points.  

 

The care action map is based on the care episode map, however it is more extensive. The map 

easily visualizes the most important activities at each step of the care chain. Due to the 
                                                
22 Interview, registered nurse within heart failure, Danderyd Hospital, 7/4- 2014, and registered nurse within heart failure Karolinska University 
Hospital, 7/4 2014 
23 Interview, registered nurse within heart failure, Danderyd Hospital, 7/4- 2014, and registered nurse within heart failure Karolinska University 
Hospital, 7/4 2014 
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complexity of the care action map and since it is not needed to understand the outcome of the 

thesis it is included as an appendix, Appendix 1. The map describes: the location of the actions, 

information given to the patients, primary actions, competencies needed to perform the actions, 

activities that can affect the outcome and the time the care chain step takes. 

 

6.3.1 Heart failure care chain 
Figure 12 is a visualization of the care episode map, which describes the three main episodes 

involved in the treatment of heart failure; investigation and diagnosis, treatment and continued 

treatment and follow-up. Within each of these three episodes the most important milestones that 

represent actions, attributes or decisions for the patient are described. Each episode is described 

in detail in the coming sections. The care action map is shown in detail in Appendix 1. 

 

Figure 12: Care chain visualized through a care episode map 

 

6.3.1.1 Episode 1: Diagnosis and investigation  
The care chain is initiated when a patient seeks care for symptoms that she has perceived herself 

as having. Heart failure patients most commonly seek aid for symptoms such as shortness of 

breath (dyspnea), fatigue and swelling (edema) in the legs (Persson & Henriksson, 2014). Heart 

failure patients can come in contact with the Swedish Health care system in different ways. The 

most common avenues are through company doctors, primary care facilities, hospital emergency 

care or private practices. A common treatment path is through emergency care at hospitals; 

patients having sought aid at one of the other health care providers can also be referred to the 

emergency care units at the appropriate hospital.  
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When arriving at the hospital the patient undergoes a triage process.24 For a heart failure patient 

the triage process will most often lead to a medical examination by a physician.25 When a patient 

shows any of the symptoms described above the physician will begin a diagnostic investigation. 

The first steps of the examination will be to perform an ECG, to take a blood sample testing for 

natriuretic peptide concentration and to perform a heart and pulmonary x-ray.26 From these tests 

the physician will in some cases be able to make a preliminary diagnosis. The next examination 

step is to move and admit the patient to a cardiac ward at the hospital for an echocardiography 

and surveillance. Even if the initial tests gave an indication of a diagnosis many care guidelines 

stipulate that an echocardiography should always be performed before deciding the correct 

diagnosis.27 

 

If the preliminary tests and the echocardiography point towards a heart failure diagnosis the 

physician has to rank its severity. The severity of the heart failure is the variable that decides the 

treatment plan28 and it is denoted using the NYHA class (Heart Failure Society of America, 

2014). If the underlying driver of the heart failure still hasn’t been identified through the tests 

described above an extended examination can be performed. Extended investigations include 

tests such as coronary angiography and physiological tests.29  

 

6.3.1.2 Episode 2: Treatment & continued investigation 
After the patient has been diagnosed with heart failure the patient is hospitalized at the cardiac 

department for up to five days while the medication is administered and its effects evaluated. 

Most patients are given some combination of RAAS-inhibitors, BETA-blockers, aldosterone 

antagonists and angiotensin-receptor antagonists in order to reduce symptoms and stress on the 

heart.30 

 

In addition to the prescribed medication the patient should in all cases be informed of the life 

style changes that can be made in order to improve the patients’ quality of life. Furthermore the 

patient should be given clear instructions regarding the importance of medical adherence at the 

discharge from the hospital.  

 

                                                
24 A selections process where nurses decide how pressing your need for care is, and who would be most suited to provide the needed care  
25 Interview, registered nurse within heart failure, Danderyd Hospital, 7/4 2014, and registered nurse within heart failure Karolinska University 
Hospital, 7/4 2014 
26 Through an ECG the electrical impulses from the heart can be measured. 
27 Interview, certified physician at Health Navigator, 11/4 2014 
28 Interview, registered nurse within heart failure, Danderyd Hospital, 7/4- 2014, and registered nurse within heart failure Karolinska University 
Hospital, 7/4 2014 
29 Interview, certified physician at Health Navigator, 11/4 2014 
30 The aim of the treatment is to ameliorate the heart condition and reduce the effects of the heart failure on the sympathetic-nervous system and 
on the RAAS-system 
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If the source of the heart failure still hasn’t been identified, even though the diagnosis is decided 

and medication has been administered, the medical team usually begins an in depth investigation. 

The patient is called back to the cardiac clinic for the in depth examination which includes a 

coronary angiography and a physiological test.31 Through an angiography the physician can 

localize constrictions in the coronary arteries. If a constriction is found the vessel can be dilated 

with angioplasty at the moment of angiography, but sometimes the constriction is severe and 

located to the major arteries which is an indication that a bypass operation is needed.32 

 
 
6.3.1.3 Episode 3: Follow-up and continued treatment 
Patients who receive treatment for heart failure need to be monitored over time, in order to verify 

that the treatment is effective. The follow-up process and monitoring is not a standardized 

process that is the same for each individual patient. According to the interviews the patients can 

be booked for follow-up meetings at the outpatient clinic for cardiovascular patients at the 

hospitals. The most common procedure is to ask the patient back to the hospital once or twice 

during the initial 6 months of the treatment. All further care is handled by the physicians at the 

primary care center at the patients’ request.33 Once the goal dosage for medication is reached or 

the treatment no longer is effective a clinical decision has to be made concerning the future care 

of the patient. The physicians have three major treatment options. The patient can receive 

surgery, continued medication or palliative care. The surgery can take the form of a bypass, heart 

valve surgery, heart transplantation, angioplasty or the insertion of a pacemaker with or without 

a defibrillator. If surgery is not necessary or beneficial, medication will continue. If the patient is 

elderly and not strong enough to receive the surgical care the patient critically needs, the patient 

will receive palliative care. 

$
The outcome of a care chain mapping process varies significantly depending on the level of 

detail (or depth) that a researcher chooses to use. In this investigation we chose to perform a care 

episode and care action mapping. These mapping methods give a relatively general view of the 

care chain, lacking details such as the different routes that a patient can take while receiving in-

hospital care and the different types of care providers that exist in the primary care system. 

Regardless of the lack of detail the interviewees were satisfied with the generalizability of the 

developed care chain maps, acknowledging that they covered the most important parts.  

Furthermore, the care chain maps didn’t need to be exceedingly detailed since the objective of 

                                                
31 Interview, certified physician at Health Navigator, 11/4 2014 
32 Interview, certified physician at Health Navigator, 11/4 2014 
33 Interview, registered nurse within heart failure, Danderyd Hospital, 7/4 2014, and registered nurse within heart failure Karolinska University 
Hospital, 7/4 2014 
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developing the maps was to create instruments to aid the formation of hypotheses regarding 

where within the care chain the largest need for CDSS could exist. 

6.4 Phase 3: Identification of improvement areas within the care chain 
The aim of phase 3 was to identify where along the heart failure care chain it was most probable 

that problems would arise. To identify the problem areas a set of problem drivers were 

developed. For each of the identified problem areas a preliminary hypothesis was made 

concerning the specific problems that could arise. These hypotheses were used as the foundation 

for the interviews carried out in phase 4.  

 
6.4.1$Approach$to$identifying$improvement$areas$
In order to understand the problems that may arise in a care chain the underlying drivers have to 

be identified. The underlying drivers for challenges within care chains are often quite similar in 

nature, even if the effects vary. Through a set of interviews four key drivers were identified34, in 

the coming paragraphs the relevance of each of the drivers will be explained in more detail.  

 

1. Care chain transitions 

2. Multiple decision makers  

3. Multiple information sources  

4. Lack of adherence to guidelines or SOPs 

 

Care chain transitions occur when patients are transferred from one care provider to another, 

which means that they are a common event in Swedish health care. A care chain transition can 

for example be the transition between a primary care center and a private specialist clinic. 

Problems can arise in these care transitions because essential information regarding the patient 

can be lost. There are several different ways in which essential information can be lost, but no 

matter the cause it is a serious problem.  

 
Multiple decision makers are often involved when patients have chronic diseases that are treated 

both in the primary care system and in hospitals. It can be problematic to have several decision 

makers involved in the patients care for a number of reasons. Problems mainly arise when the 

patient’s EHR is not updated correctly and when there is a lack of mutual understanding for the 

chosen treatment plan.  

 

                                                
34 Interviews with two partners at Health Navigator, 26/3 2014 
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Multiple information sources occurs as information regarding a specific patient can be recorded 

in many different EHRs, depending on where the patient has received care. It is hard for the 

medical professionals to provide optimal care to a patient when they can’t access all information 

regarding the specific patient. The current solution to the problem is to fax, mail or print the 

information and allow the patient to carry it to the next care provider; however the information 

can be lost in this process.   

 

Lack of adherence to guidelines or SOPs is a problem as they play an important role in health 

care. Both are tools providing help to the health care providers so that they can deliver the best 

care to patients. Medical professionals need guidelines because it is difficult to stay up to date 

with relevant information for all diseases. Guidelines are used to give an indication of how to 

treat patients, which can be very useful. It is clear that not all doctors adhere to the guidelines, 

even if the care for the majority of the patients would improve. There are several reasons why 

doctors don’t follow guidelines, for example: lack of time, interest and belief in their own 

knowledge and experience.  

 

6.4.2$Identification$of$improvement$areas$of$the$care$chain$$
Using the drivers presented above the heart failure care chain was evaluated. There are many 

areas along the care chain where problems can arise. Six principal areas or activities were 

identified and are presented below in Table 4. In Figure 13 the care chains’ problem areas are 

visualized, either as episodes or as specific points. 

 
 
Care%chain%step% Care*

transition*
Multiple*
decision*
makers*

Multiple*
information*
sources**

Lack*of*adherence*
to*guidelines*or*

SOPs*
Referral*to*prim.*care* ✓* ✓* ✓* ✓*
FollowQup*within*prim.*care* * ✓* * ✓*
Diagnostics* * ✓* ✓* ✓*
Medication* * * ✓* ✓*
Unnecessary*referral*from*
prim.*care*to*inQhospital*care*

✓* * ✓* ✓*

Patient*compliance* * ✓* * ✓*

Table 4: Drivers that indicate areas/activities where problems can arise along the care chain 
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Figure 13: Places of interest where CDSS could be implemented to reduce problems 

 
6.4.3$Problem$hypotheses$
For each of the problem areas or activities, presented above, a hypothesis was formulated 

regarding the nature of the problems that could arise. These hypotheses are presented in Table 6 

below. In phase 4 the hypotheses were discussed with a number of health care professionals.  

 
 
Care%chain%step% Hypothesis% * * *
Referral*to*prim.*care* When*a*patient*is*remitted*from*inQhospital*care*into*the*

primary*care*system*a*referral*form*has*to*be*written.*The*
hypothesis*is*that*information*regarding*the*patient*can*be*lost*
in*this*transition.*

FollowQup*within*prim.*
care*

The*hypothesis*is*that*patients*that*are*treated*for*heart*failure*
within*the*primary*care*system*do*not*have*periodical*followQup*
meetings*or*calls.*

Diagnostics* There*are*certain*steps*according*to*guidelines*that*should*be*
followed*when*diagnosing*a*patient*with*heart*failure.*The*
hypothesis*is*that*these*steps*aren’t*always*followed*as*they*
should.*

Medication* The*heart*failure*medication*program*is*quite*complex,*
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including*several*different*types*of*medication.*The*hypothesis*
is*that*the*patients*don’t*receive*the*medication*they*need.*In*
particular*patients*don’t*receive*BetaQblockers*and*RAASQ
inhibitors*to*the*extent*they*should.**

Referral*from*prim.*
care*to*specialist*clinics*

The*hypothesis*is*that*some*of*the*patients*that*are*readmitted*
to*specialist*clinics,*from*the*primary*care*system,*do*not*need*
to*be.*The*physicians*could*have*treated*the*patients*within*the*
primary*care*system.*

Patient*compliance* Patients*with*heart*failure*have*to*follow*their*ordinations.*The*
hypothesis*is*that*patient*compliance*is*lower*than*it*could*be. 

Table 6: Problem hypotheses for the heart failure care chain 

 

6.5 Phase 4: Confirming or rejecting the hypotheses  
The interviews in phase 4 were based on the problem areas of heart failure that were found in 

phase 3. There are many experts that could have been interviewed in phase 4, but the 

interviewees were chosen based on their knowledge of the problem areas. The hypotheses made 

in phase 3 were confirmed, rejected or shown to be inconclusive through the interviews. New 

input concerning problems within the care chain was also obtained. 

  

Interviews were carried out as described in Chapter 2, section 2.2.1. The interviewees wide 

spread of professional roles35 was important to ensure a holistic view of the care chain of heart 

failure patients.  It also assures that other potential problem areas, that weren’t found in phase 3, 

could be identified. The first step of the interviews was to ask the interviewees to talk freely 

about their experience regarding problems present in the heart failure care chain. The aim was to 

gain an insight into the interviewees’ view of the problems without projecting any bias. 

Following this, the hypotheses formulated in phase 3 were discussed and either confirmed or 

rejected.  

 

6.5.1$Hypotheses$findings$
A detailed description of each identified hypothesis and the reasoning behind the confirmation or 

rejection of each hypothesis will be presented in the coming paragraphs. A summary of the 

results, including the problem areas that weren’t identified in phase 3, can be viewed in Table 7.  

                                                
35 The professional roles of the interviewees and dates of the interviews are presented in the bibliography 
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Care%chain%step% Hypothesis%confirmation%or%rejection%

Referral*to*outQpatient*care* Confirmed*
FollowQup*within*prim.*care* Confirmed*
Diagnostics* Inconclusive*results*
Medication* Rejected*
Unnecessary*referral*from*
prim.*care*to*specialist*clinic*

Inconclusive*results*

Patient*compliance* Confirmed*
Table 7: Problem hypotheses for the heart failure care chain 

 

6.5.1.1 Referral from in-patient care to out-patient care 
One of the major problems of the care chain is the process of remitting patients to the primary 

care centers from in-patient care at hospitals. In this process there are many sources of error, but 

they all have to do with the lack of standardized information transfer between the two systems. 

The two major sources of error are either that the information isn’t transferred to the primary 

care provider in a satisfactory manner, or that the physicians at the hospital don’t write down the 

correct information due to lack of standardization.  

 

All the information regarding the patient is written down in the patients EHR, and if the primary 

care provider uses the same EHR system there shouldn’t be too much of a problem. However 

problems arise when the two care providers use different systems. Care providers generally try to 

use the same EHR system as the major hospitals in the area, but smaller clinics may not afford it. 

When the care providers use different systems the relevant information can be delivered to the 

primary care provider in one of two ways. Either the patient is given the information (the referral 

form and sometimes an excerpt from the patients’ health record) in a written document, or the 

information is delivered to the primary care provider by post or fax.36  

 

It is common for the documentation to be lost or forgotten when the documents are given to the 

patient, resulting in the primary care center having to provide care for the patient without the 

                                                
36 Se Chapter 3, section 3.2.1, figure 2 
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necessary background information.37 When the information is posted to the primary care center 

there is a smaller risk for the information being lost straight away, however sometimes the 

information is simply not added to the correct patient EHR in the EHR system at the primary 

care center. 

 

Even if the information arrives at the primary care center, and it is added to the correct patient 

EHR, difficulties can arise. Due to the nature of the EHR systems in use today the 

documentation will be scanned into the EHR system and be placed as appendices to the existing 

patient EHR. The problem being that the information isn’t searchable, so the physician treating 

the patient might not be able to easily find the most relevant and up to date information in the 

EHR system.38 This is a problem since a common appointment at primary care centers only lasts 

for 20 minutes, which means the physicians won’t have time to search endlessly for the required 

information.39  

 

The second problem in the referral process is that the doctors don’t fill out the EHRs and referral 

forms in a standardized manner, for heart failure or any other major diagnoses. This lack of 

standardization means that doctors can forget or miss to fill out essential information like dates, 

dosages, procedures and underlying treatment logic. Each physician has a personal way of 

writing referrals, and it is not prioritized to teach medical students how to write referral forms 

during their education. The physicians learn by doing, which means that referral forms contain 

different information depending on the remitting physician.40 Furthermore if the information 

isn’t presented in a structured and standardized manner the physicians in the primary care system 

might have problems identifying where the essential information has been recorded.  

 

The hypothesis regarding problems with the information transfer when patients are remitted from 

in-hospital care to primary care was confirmed. 

 
6.5.1.2 Follow-up within the primary care 
When a patient is discharged from in-hospital care they can receive future care from primary 

care centers. The care for patients with heart failure within the primary care sector is not as well 

developed as it could be, and there are a variety of operating procedures that could be changed in 

order to increase the quality of care. One of the most pressing problems has to do with the lack 

                                                
37 Interview with a physician at Hallunda primary care center, 14/4 2014 
38 Interview with a physician at Hallunda primary care center, 14/4 2014 
39 Interview with a surgeon at the surgical emergency department at Karolinska University Hospital, 14/4 2014 
40Interview with a physician at Hallunda primary care center, 14/4 2014 
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of regular follow-up or check-up visits for the patients. As of now, the patients have to actively 

book a visit at the primary care center to see a doctor.41  

 

Heart failure patients are as a group prone to emergency readmissions, many seek emergency 

care due to complications within the first year of treatment. Therefore, regular follow up visits 

could reduce the rate of readmission. These patients have a tendency to become too sick before 

they seek help at a primary care center, which can result in emergency readmissions or referral 

from the primary care provider to in-hospital care.42  

 

The rate of emergency readmissions is a key indicator that the health care system works with. 

Emergency care is exceedingly expensive and some hospitals in Sweden have serious problems 

with over-allocation.43 As described in the background one of the main concerns for the health 

care system is to lower its costs while increasing quality.   

 

The hypothesis regarding problems with follow-up within the primary care was confirmed. 

 

6.5.1.3 Diagnostics 
There is a disagreement among the interviewees as to if problems arise in the diagnostic process. 

According to some sources the process of diagnosing heart failure is relatively straight forward44, 

while others see several potential sources for error in the process.45 

 

The main concern, and source of error, is that patients that seek emergency care at hospitals, 

without a heart failure diagnosis, might go through different diagnostic processes depending on 

the availability of beds in different departments. If patients can’t be admitted to the medical 

emergency department (MAVA, Medicinska akutvårdsavdelningen), where they are supposed to 

be admitted, patients are generally admitted to the surgical emergency department (KAVA, 

Kirurgiska akutvårdsavdelningen). Physicians at KAVA generally lack the same expertise in 

caring for patients with heart failure as their counterparts at MAVA. This can create life 

threatening situations, since the doctors at KAVA might give patients wrong diagnosis and 

prescribe counterproductive medication.   

 

                                                
41 All interviews stated this as a problem. 
42 Interview with a care development leader at Karolinska University Hospital Solna, 2/4 2014 
43 Interview with the senior consultant in cardiology at Karolinska University Hospital in Huddinge, 17/4 2014 
44 Interview with the former head of anesthesiology and intensive care at Danderyd Hospital, 12/2 2014, registered nurse within heart failure, 
Danderyd Hospital, 7/4 2014, and registered nurse within heart failure Karolinska University Hospital, 7/4 2014  
45 Interviews with registered nurse within heart failure, Danderyd Hospital, 7/4 2014, and registered nurse within heart failure Karolinska 
University Hospital, 7/4 2014 
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Shortage of rooms or in-patient beds may also force patients that are preliminary diagnosed with 

heart failure to stay at the emergency department, instead of being transferred to a cardiology 

department. This creates a multitude of potential risks, but the most serious diagnostic risk is that 

the patient might not have the opportunity to undergo an echocardiography. It is recommended to 

always perform an echocardiography in the heart failure diagnostic process in order to be certain 

of the diagnosis and the underlying reasons. Even if the patients can be taken care of in a 

satisfactory manner at the emergency department (both MAVA and KAVA), it represents an 

increased risk of overlooking to perform an echocardiography.46 The lack of performed 

echocardiography is a problem since patients may be incorrectly diagnosed with heart failure.  

 

A recent discovery by the physicians at the primary care center Hallunda revealed 8 patients 

wrongfully diagnosed with heart failure. These 8 patients had never undergone an 

echocardiography, and this indicates that there may be more difficulties related to following 

guidelines for making a diagnosis than was primarily thought in the study.47  

 

The hypothesis regarding problems related to the setting of diagnosis of heart failure patients 

showed inconclusive results. 

 
 
6.5.1.4 Medication 
The hypothesis that the medication process is complex and that patients don’t receive the 

medication they need was rejected. The prescription of medication is standardized and straight-

forward, and was referred to as “cook book medicine” by a surgeon at the surgical emergency 

department at Karolinska University Hospital.  

 

The hypothesis particularly regarding the number of patients receiving a combination of Beta-

blockers and RAAS-inhibitors was based on a report from the Swedish National Board of Health 

and Welfare. The report stated that 80% of heart failure patients should receive Beta-blockers, 

and that 80% of the patients should receive RAAS-inhibitors, while less than 90% of patients 

received both. This was explained by the interviewee as a result of side effects of the drugs. If a 

patient is very old and ill, it is sometimes not the best for the patient to receive both drugs due to 

severe side effects, even though it would the best way to treat the disease in the long run.48 

 

The hypothesis regarding problems with medicine prescription was rejected.  

                                                
46 Interview with the senior consultant in cardiology at Karolinska University Hospital in Huddinge, 17/4 2014 
47 Interview with a physician at Hallunda primary care center, 14/4 2014 
48 Interview with a surgeon at the surgical emergency department at Karolinska University Hospital, 14/4 2014  
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6.5.1.5 Unnecessary referral from primary care to specialist care 
The results regarding whether patients are unnecessarily readmitted from primary care to 

specialist clinics to change the patients’ medical treatment were inconclusive. There were two 

opposing views; some interviewees thought more patients should be remitted, while others 

thought less patients should be remitted, to specialist care.  

 

The argument for remitting fewer patients to specialist care was twofold. The patients could fall 

seriously ill, and require emergency care, while waiting for their appointment at the specialist 

clinic or cardiology department at the hospital. This risk is especially high since there are no 

standardized follow-up systems for patients in primary care, and patients that finally book 

appointments are often quite ill to begin with.49,50 This risk, and the costs associated to it, was 

deemed unnecessary, since the same care could be given in the primary care system due to the 

straightforward medication procedure described in the national guidelines.51  

 

On the other end of the spectrum were physicians who stated that there are no long waiting times 

for referral to specialist care, due to the many private specialist clinics available since the 

vårdvalet reform. This contradicts the statement that patients may fall very ill and need 

emergency care, while waiting for their appointment at a specialist clinic after being remitted 

from the primary care. The same physicians also stated that there are specific specialists 

allocated for inter disciplinary consultations in the hospital setting, who can also be contacted by 

primary care doctors.  

 

The hypothesis regarding too few patients being taken care of in the primary care, and being 

remitted to specialist care unnecessary showed inconclusive results.  

 
6.5.1.6 Patient compliance 
One of the main problems with the treatment of heart failure, and many other diseases, is the lack 

of patient compliance to the treatment plan. Patients mainly fail to comply with treatment plans 

in the areas of recommended fluid intake, taking their medication, exercise and diet. The general 

opinion amongst the interviewees was that this matter is a problem due to the fact that the 

patients don’t feel like they “own” their own disease, they expect the health care system to take 

care of them and fail to see their own responsibility in trying to stay healthy. There are several 

                                                
49 As explained earlier its very expensive for the health care system to receive emergency care patients 
50 Interview with registered nurse within heart failure, Danderyd Hospital, 7/4 2014, and registered nurse within heart failure Karolinska 
University Hospital, 7/4 2014 
51 Interview with a surgeon at the surgical emergency department at Karolinska University Hospital, 14/4 2014 
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reasons for why patients don’t comply with the selected treatment plan; a few selected drivers 

are presented below.  

 

- Patients don’t see an effect of the prescribed medication 

- Patients are too sick or old to effectively medicate themselves 

- Patients don’t receive adequate information regarding their disease 

- Patients don’t understand the given information  

 

It is common for drugs used to treat heart failure to only have positive effects for the patients on 

a longer horizon, resulting in patients having a hard time correlating their improvement with the 

medication. These patients’ are prone to stop using the medication due to lack of results, 

especially if there are noticeable side effects of the medication.  

 

Patients with heart failure are usually elderly, meaning that their cognitive and physical abilities 

might have become limited due to their age. Heart failure patients’ cognitive ability is further 

decreased due to restricted blood flow to the brain. For patients with these limitations it is not 

always easy to remember to take their medications, even if they understand that it is important 

for their future quality of life.  

 

One possible reason for why patients don’t follow recommendations is that the patients aren’t 

given sufficient information concerning the disease when being discharged from the hospitals. 

The patients are informed that they have heart failure, and they are given a medication plan, but 

how their lifestyle effects the disease isn’t discussed in enough detail. Furthermore, the patients 

might fall back into bad lifestyle habits when returning to their homes because the aid of 

dietitians and physical therapists is only available at the hospitals.  

 

Another way to look at the problem is that the patients don’t actively research their disease and 

take responsibility for how their actions will shape their lives, once they have been discharged. 

The recommendations regarding diet are very important, and something that often is regarded as 

less important than other recommendations by the patients. A healthy diet for a heart failure 

patient includes that the patient eat less salt and drink less fluid to counter fluid retention. It is 

equally important that the patient to eat nutritious food, since heart failure patients often are at 

high risk of malnutrition, due to the energy consuming breathing (Olin et. al., 2005). 
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The lack of compliance to treatment plans can be increased in situations where the patients don’t 

understand the underlying drivers of their disease or the instructions; a problem termed health 

literacy. The patient may have the necessary information written down in a brochure from the 

hospital, but don’t understand it due to the way that the information is written, coupled with the 

patients’ own skill in reading, understanding and following of treatment. A recent study in 

Europe involving 8 countries showed that 47% of patients have low health literacy, and cannot 

understand basic health care information (Pelikan et. al.; 2012) The lack of understanding is 

disproportionate large in certain groups of the population, among them the elderly. This low 

health literacy reduces the success of treatment, and is a primary factor behind health disparities. 

52 The health literacy can be improved by information that is easier to understand, and it has been 

shown that the level of understanding is dependent on word choices and coloring (Rudd and 

Anderson; 2006).  

 

If patients comply with the treatment plan, and take ownership of their diagnosis, the amount of 

health care needed to keep the patient healthy would decrease substantially. This decrease in 

health care use would translate into substantial cost savings for society.53   

 

The hypothesis regarding problems with patient compliance was confirmed. 

 
6.5.1.7 Other areas of improvement that emerged during the interviews 
There were three additional problems that emerged during the interviews. (1) Physicians have 

trouble with keeping updated with new guidelines. (2) Primary care physicians counteract the 

specialist physicians’ medical treatment of patients. (3) There is no standardized system for 

remitting patients to specialists in order to receive examination regarding potential surgical 

treatment, resulting in too few patients being remitted.  

 

The problem with new guidelines is that it is up to the individual physicians to keep updated 

regarding the latest findings and guidelines. This is especially problematic for generalist doctors 

and nurses, who have to keep updated on numerous diseases. There are no controls to evaluate 

the physicians’ knowledge levels in Sweden, which can be compared to US, where the 

physicians need to pass tests yearly to keep their doctors licenses. To increase the knowledge of 

new guidelines and practices special academic primary centers have been formed. The personnel 

at these academic primary care centers, such as the one in Liljeholmen, receive continuous 

education in the hope that they will spread the knowledge. There are also discussions on county 
                                                
52 Interview, registered nurse within heart failure, Danderyd Hospital, 7/4 2014, and registered nurse within heart failure Karolinska University 
Hospital, 7/4 2014, the chief medical officer at the Karolinska University Hospital, 10/2 2014. 
53 All of the interviewees agreed that the savings would be significant if compliance could be increased.  
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level in Sweden to introduce online courses at all clinics to enable physicians to easily keep 

informed and up to date on guidelines.  

 

The second problem that emerged during the interview was that primary care physicians 

sometimes counteract specialist physicians’ medical treatment of patients. A patient who has 

been treated and given the right dosage of medication during an in-hospital treatment will 

eventually be discharged and further care is supposed to take place at the primary care center. A 

problem that has been known to occur relatively often is that a patient that, due to the treatment, 

seems healthy and has normal ECGs during meetings with generalist doctor in the primary care 

setting is prescribed to take a lower dose of the drugs. The decision to decrease the dosage is 

based on the fact that the patient seems healthy, and that it is a way to decrease side effects. This 

lowered dose of medication will ultimately worsen the patients’ condition. This worsened 

condition can eventually result in that the patient is being sent back to a specialist/emergency 

department at a hospital/cardiology department where the medicine dose is increased. If the 

patient reacts well to the medication and receives future care in the primary care system the 

vicious cycle can start over again.  

 

The third problem that emerged during the interviews was that there are too few patients that are 

remitted from the primary care centers to specialist clinics for in depth examination. Being 

examined by a cardiologist means that the patients’ treatment can be optimized in terms of 

medication, but also that the patient can be evaluated for more aggressive treatment, such as 

insertion of a pacemaker, defibrillator, mechanic heart pump54 or heart transplant. It was stated 

during the interviews that more patients should be remitted from the primary care to the 

cardiology departments. The patients that were remitted were often very ill, and should have 

been directed to a specialist clinic long beforehand. 55 The late referral lowered the patients’ 

chances of a successful operation and recovery. The problem was further highlighted by the fact 

that patients don’t feel that they receive the care they need at the primary care centers.56 An early 

referral to a heart failure clinic could probably save millions of Swedish kronor by reducing the 

number of patients that need emergency care and hospitalization.57 The reason for the late 

referrals, if the patient is referred at all, seemed to be a lack of awareness of when a referral is 

needed among the general practitioners at the primary care centers. The general practitioners at 

primary care centers may have a hard time distinguishing between when it is appropriate to 
                                                
54 Also known as a left ventricular assist device (LVAD). 
55 Interview with the senior consultant in cardiology at Karolinska University Hospital, Huddinge, 17/4 2014, interview with patient 
representative from the Swedish heart and lung association, 29/4 2014. 
56 Interview with patient representative from the Swedish heart and lung association, 29/4 2014. 
57 Interview with the former head of anesthesiology and intensive care at Danderyd Hospital 12/2 2014, and the chief medical officer at the 
Karolinska University Hospital, Solna 10/2-2014 
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change patients’ treatments on their own and when the patients need advanced treatment given 

by specialists. 

  

6.5.2$General$findings$from$phase$4$
General findings from phase 4 were that the procedures within hospitals and specialist clinics 

work well, and that the major improvement areas for heart failure are connected to the primary 

care centers and patient compliance. The problems that arise within the primary care system are 

most often caused due to information loss in the referral from hospitals and the fact that the 

general practitioners are generalists and not specialist. They are not always up to date on the best 

practices regarding heart failure.  

 

The hypotheses regarding problems about diagnosis and referral from primary care to 

specialists/hospitals showed inconclusive results, and the hypothesis of problems with 

medication was rejected. In contrast, the hypotheses regarding the referral from in-patient care to 

out-patient care, the follow-up within the primary care, as well as the hypothesis regarding the 

patient compliance were all confirmed. Further problems that arose during the interviews were 

problems regarding new guidelines, counteraction between specialist and primary care in terms 

of medication and too few patients being remitted from the primary care to specialist clinics for 

further investigation. The solution to these problems is discussed in phase 5.  

 

6.6 Phase 5: How CDSS can improve the situation 
In phase 4 the major areas of improvements existing along the heart failure care chain were 

presented. All the presented challenges are significant and should be solved in the long-term. 

However they are not all suitable to be solved by developing a CDSS. The largest need was 

identified as a problem that could be solved using a CDSS and which, through an analysis of the 

interviews, was deemed to be the most important to solve. As a reminder, the definition of a 

CDSS throughout this thesis is:  

 

“A clinical decision support system is IT-based, linked to EHRs, and gives relevant information 

and prompts health care professionals to action. The purpose of the CDSS is to facilitate and 

improve the given care and ensure that guidelines are followed.” 

 

The definition of a CDSS has to be coupled with the research question in this paper of: Where 

within Swedish health care can a need for increased efficiency be met through the 

implementation of a realistic CDSS system? The definition of a CDSS and the research question 
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makes some of the identified problems more significant than others. Some problems would 

generally be solved if there was better information sharing between the health care providers 

with EHR systems, and some are better suited to be solved by a CDSS than others. A discussion 

concerning the problems will be presented in the following sections. The efficiency problem that 

could be solved using a CDSS will also be presented. 

  

6.6.1$Referral$from$inOpatient$care$to$outOpatient$care$
The problems with information transfer, in the remitting process between in-patient care to out-

patient care, will probably decrease over time. The strive to increase implementation of the same 

EHR systems within counties will enable referral forms to be sent electronically and not by fax, 

mail or by the patient. The same EHR system will also allow the primary care centers to access 

the patients’ health record, which makes it easier to access relevant patient information. 

Furthermore EHR systems, such as Take Care in Stockholm, are being re-programmed to show 

the NYHA classes of heart failure patients on the first page of the patient EHR, which will help 

improving the given care.  

 

The problem with information being lost during referral from in-patient care to out-patient care 

may easiest be solved not by a CDSS, but by more well developed EHRs. Therefore this 

efficiency is not best solved using a CDSS, and is not chosen for further analysis in this thesis.  

 

6.6.2$Medical$counteraction$
The problem with medical counteraction when physicians in the primary care centers decrease 

the medication dosage of patients may also be solved with the development of the EHR systems. 

It would be easy to write a line, or tic a box, stating that the medication is not to be decreased 

before the patient is remitted to the out-patient care. Therefore, this problem may be the easiest 

to solve with better presentation of information in the EHR system. This problem will also 

improve with a better implementation of the same EHR systems within counties. 

 

As explained above this problem is not best solved using a CDSS and will therefore not be 

further analyzed in this thesis.  

 

6.6.3$New$guidelines$
The problem with new guidelines and the fact that there is nothing that enforces physicians to 

keep up to date with new guidelines and findings can probably not be solved through a CDSS. A 

CDSS can aid physicians in their daily work to make sure that nothing is forgotten or that a 

mistake is made, but it cannot take over a physicians’ lifelong task of keeping theoretically 
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updated. That is not a situation most physicians would be comfortable with, and it is a situation 

that makes patients feel insecure. Knowledge of new guidelines and how to give the best care to 

patients is something that has to be taught directly to physicians, and on-line courses would 

probably be a better solution to increase the knowledge level of the physicians than a CDSS. A 

CDSS could be used as knowledge support, but not something that replaces the physicians’ 

actual knowledge of the disease. 

 

As explained above this problem is not best solved using a CDSS and it will therefore not be 

further analyzed in this thesis.  

 
6.6.4$Patient$compliance$
The problem with patient compliance is a major problem that could be solved by a CDSS. A 

CDSS system capable of improving patient compliance could be designed with the patient as the 

primary user. A smartphone application is capable of adding value for both the patient and the 

health care system. The main limitation of developing a smartphone application to help heart 

failure patients is that these patients today aren’t used to using smartphones or applications. 

However the penetration of smartphone users in the population aged 65+ will increase over time 

which implies that a smartphone application will be useful going forward.  

From the interviews it is clear that an application of this kind should have three main goals: to 

increase compliance to the medication plan, to increase patient understanding of the heart failure 

diagnosis and to help the patient understand when it is appropriate to contact/seek health care. 

The application could have a number of different functions, divided into two major functional 

groups: information and monitoring. 

 

The informative part would contain information regarding the disease, particularly concerning 

the patients’ NYHA class to increase understanding of the diagnosis. Information regarding the 

effects of the medication, dietary and exercise plans as well as contact information to health care 

personnel should also be available. The monitoring part would help keep track of the patients’ 

weight and energy intake over time. The application would be designed so that it prompts the 

patient to take more diuretics, according to the physicians’ instructions, if it detects a weight 

increase. The application should also be able to keep track of the patients’ blood pressure over 

time, where changes could indicate when to seek contact with a physician for alteration of the 

medication. Lastly, the CDSS would prompt the patients to take their medication at specific 

times a day, depending on what medication and dosage the patient is prescribed. The patient 

would have to tic a box stating that they took their medicine, and if the box is not ticked for a 
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period of time a message could be sent to the next of kin, advising them to contact the patient 

and ask how they are and if they are following the doctors ordination.  

 

A CDSS aimed at patients is a very interesting concept, but as it is something that is aimed at 

patients it doesn’t fall within the frames of the definition of a CDSS used in the thesis. The 

CDSS systems relevant in the context of this thesis focus on supporting the health care 

professionals. Because of this, the area patient compliance will not be further analyzed in this 

thesis.  

 

6.6.5$FollowOup$within$the$outOpatient$care$$
The problem with the lack of structured follow-up, in the out-patient care is something that could 

be solved by a CDSS. The main goal of the CDSS would be to reduce the number of 

readmissions that occurs during the first year of discharge from hospital. The systems main 

function would be to prompt nurses to perform regular follow-up calls to heart failure patients to 

see how they are doing (for example every month). The prompts would start arriving at a set 

interval after the patient has been diagnosed with heart failure. Depending on the patients’ 

answers to a set of standardized questions the patient would be advised to book or not book an 

appointment at the primary care center. Every call should end with a risk assessment of the risk 

for a new in-patient care episode. The nurse would also remind the patient of the main lifestyle 

choices that have a large impact on heart failure patients. The nurse would be reminded to 

perform the call by e-mail, and the mails would continue until the nurse had checked the “called 

patient” checkbox in the patients EHR. In order to reduce the risk of annoyed nurses a failsafe 

could be installed allowing the nurses to mail back a “stop mailing me” prompt that would cease 

the reminder mails for a predetermined time. A failsafe linked to the public death record would 

also be installed to assure that the nurses wouldn’t be prompted to call deceased patients.  

 

Even though this is an interesting problem that could potentially be solved using a CDSS it could 

just as well be solved in other ways. The best way to solve the problem could be by modifying 

the practices of the existing health management system, where a long-term relationship is built 

between patients and nurses with regular follow-up calls.  

 

As explained above this problem would not be best solved using a CDSS and therefore the 

problem will not be further analyzed in this thesis.  
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6.6.6$Patients$that$could$benefit$from$specialist$examination$are$not$remitted$from$
the$primary$care$system$
The interviews showed that the fact that patients that would benefit from a specialist evaluation 

are not being remitted from primary care to specialist care is a serious problem.58 The national 

medical products agency further highlights this as a serious problem in an official document 

from 2014, claiming that it is one of the most important problems to solve in the heart failure 

care chain (Läkemedelsverket; 2014). More than half of all patients with heart failure are 

exclusively cared for at the primary care centers in Sweden, which means that more than 125 000 

patients out of the total of 250 000 heart failure patients never meet a specialist (Thorvaldsen 

et.al., 2014). This signifies that a large portion of the patients that could benefit from specialist 

care are never remitted from the primary care providers.    

 

Patients that only receive care at primary care centers miss out on the chance to be evaluated for 

more aggressive treatment of their heart failure. When patients are remitted to specialist clinics 

the base treatment that was provided at a primary care center can often be optimized, the patients 

are also evaluated for insertion of pacemakers or defibrillators. If patients still show poor health 

or low response rate to the new treatment (optimization, pacemaker or defibrillator) they should 

be evaluated for a mechanic heart pump or a heart transplant. There are around 50 heart 

transplants that are conducted in Sweden every year, where the access of hearts is the limiting 

factor. This means that all heart failure patients can’t be given heart transplants, however there is 

no limitations to the number of mechanic heart pumps that are available. This indicates that there 

are many ways through which the care for heart failure patients can be improved by increasing 

the number of referrals to specialist clinics. In fact it is not only the individual patients that 

would benefit from an increased number of referrals, the health care system as a whole would 

also benefit.  

 

By increasing the number of patients, from a specific subset of heart failure patients, who are 

remitted to specialist clinics the health care system, can increase its efficiency. In fact it is more 

expensive for the health care system to treat the heart failure patients that aren’t remitted since 

they stand a larger risk of incurring high costs. These costs materialize since patients that aren’t 

treated in the optimal manner face a larger risk of emergency admittance and continued in-

hospital care than patients that are treated by specialists.59 There is an argument that an increased 

number of referrals could create queues, and thus reduce the quality of care and increase costs. 

                                                
58 Interview with the senior consultant in cardiology at Karolinska University Hospital in Huddinge, 17/4 2014, interview with a patient 
representative from the Swedish heart and lung association 
59 Interview with the senior consultant in cardiology at Karolinska University Hospital in Huddinge, 17/4 2014, interview with a patient 
representative from the Swedish heart and lung association, 29/4 2014 
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However due to the reform vårdvalet there are now a large number of new specialist clinics have 

opened to the public. The underlying driver for the creation of these new specialist clinics, 

except for the allowance of private practices, is vårdvalet. A guarantee was introduced in 

vårdvalet, stating that patients have the right to meet a specialist within 90 days of being remitted 

as well as the right for surgery after 90 days (Hälso- och sjukvårdslagen, 2014). 

 

In order to increase the number of referrals, and ensure that the positive effects linked to such an 

increase are materialized, a CDSS could be implemented.  The number of patients that are 

remitted could be increased, by implementing a CDSS that prompts the physicians at the primary 

care centers to remit their patients for evaluation when it is appropriate. The CDSS could be built 

to look for criteria in the EHR that would point out the patient as a candidate for referral. A 

CDSS solution to the problem fits both the research question as well as the definition of a CDSS 

in the thesis. Therefore this problem will be further analyzed in this thesis, and the design and 

features of the CDSS system that will solve the problem will be presented in the following 

section. 

 

6.6.7$The$solution$to$the$identified$efficiency$problem$
A CDSS needs specific criteria to base decisions on when prompting physicians to remit patients 

to specialist clinics for evaluation. An extensive literature review was performed to identify 

criteria that could be used by the CDSS when prompting a referral. A peer-reviewed paper, that 

was written by Thorvaldsen and colleague (2014), was found identifying five key criteria that 

should be used when remitting heart failure patients to specialist evaluation appointments.  

 

The study involved 10 062 Swedish patients, with medium to severe heart failure with NYHA 

class II-IV with a moderate ejection fraction60 of <40%, and the authors present 5 predictors that 

foretells the health trend for the patient, regardless of gender. The 5 predictors were: 

 

- Systolic blood61 pressure ≤90 mm Hg 

- Creatinine62 ≥160 µmol/l 

- Hemoglobin63 ≤120 g/l 

- Lack of treatment with RAAS-inhibitors 

- Lack of treatment with Beta-blockers  

                                                
60 Ejection fraction is the amount of blood that is ejected from the heart in one beat. Ejection fraction of 40% means that 60% of the blood stays 
in the heart during its relaxation, normal ejection fraction is 55%-77%. 
61 Systolic blood pressure is the pressure when the heart beats, and is normally between 120-140 mm Hg. 
62 Impaired renal function results in accumulation of creatinine in the blood stream. 
63 The rate of hemoglobin in the blood is a measure of the bloods capability of transporting oxygen. Normal hemoglobin rate for women is 121-
151 g/l, while it is 138-180 g/l for men. 
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Patients <80 years with 1 predictor have 79% chance to survive 1 year, while 2 predictors 

present gives 60% chance to survive, and 3-5 present predictors give a 39% chance to survive 1 

year. This can be compared to patient who undergo heart transplant, who have a 90% chance to 

survive 1 year, and patients with a mechanic heart pump that have an 80% chance to survive 1 

year. The conclusion was drawn that the patients < 80 years with one or more predictor should 

be remitted to a specialist clinic, as they may benefit from such a referral. The basic treatment of 

medication should first be optimized, and the patient should be evaluated for pacemaker, 

defibrillator, heart transplant or mechanic heart-pump if one or more predictors still remained 

after the alteration. Optimized palliative care can be planned for the patient if the patient is very 

ill and in no condition to undergo any of the surgical procedures (Thorvaldsen et. al., 2014). 

 

It was further shown in the study, that patients’ <80 year with NYHA class III-VI and an ejection 

fraction of 40% primarily dies of heart failure, or its comorbidities. That the patients didn’t 

primarily die of other reasons means that it is worth treating these patients more aggressively. 

The number of available hearts limits the number of heart transplants conducted, but there is no 

such limit to mechanic heart pumps, which clearly gives an advantage in terms of survival rate. 

The major reason for why there is an underutilization of mechanic heart pumps, <50 operations 

in Sweden per year, is the ignorance of general practitioners at primary care centers and the 

difficulty in assessing the need of the patients (Thorvaldsen et.al., 2014). 

 

An early referral may not increase the number of heart transplants64, as there still is a shortage of 

hearts, but it could help with an optimal timing of when to conduct the surgery. Similarly, it 

could help with monitoring and timing of giving mechanic heart pumps to potential candidates. 

41% of the patients in the study that were <80 years with NYHA class III-VI and an ejection 

fraction of 40% had one or more predictors (Thorvaldsen et.al., 2014). There were 10 062 

patients that had NYHA class III-IV and ejection fraction of <40% out of the total of 85 291 

patients that were newly registered in the national quality register Rikssvikt between 2000 – 

2013. This means that a CDSS that is developed on these stated predictors may aid in the referral 

of 12% of all patients with heart failure. This number may be higher, as there can be a blurred 

line between NYHA class II and III. There were 9 463 patients with NYHA class II and ejection 

fraction <40% during the same years. If these referral predictors are valid for them as well, the 

predictors will aid in the referral of 23% of all heart failure patients. It is not realistic that all of 

them should be candidates for heart transplant or a mechanic heart pump, but it is realistic that 

                                                
64 There are on average 50 heart transplants conducted in Sweden yearly (Scandiatransplant, 2013) 
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they all should meet a specialist physician. This is not the case in Sweden as of now, and more 

than half of the patients with heart failure will only receive treatment from primary care centers. 

The CDSS would guide the general practitioner in finding the right patients, for the right care at 

the right time.   

 
6.6.8$Design$and$features$of$the$CDSS$
A CDSS that solves the stated problem wouldn’t have to be that complicated, but it would have 

to be connected to an EHR to be effective. The system would be built with three main modules, a 

reader, an interpreter and an alerter, each with a specific task.  

 

The reader reads the information regarding the five predictors as well as the age and BMI of the 

patient from the EHR. The interpreter evaluates if any of the predictors are outside of the limits 

presented in Chapter 6 section 6.6.7. The alerter sends a prompt to the physician in the form of a 

pop-up window informing the physician that the patient has a predictor outside of the limits and 

that the patient would benefit from further care and evaluation at a specialist clinic.  

 

The interpreter will be pretty straight-forward in its design since the CDSS will be a logic 

CDSS65 that operates after a predetermined set of rules. With that said the problem lies in 

ensuring that is becomes standard procedure to investigate the predictors and enter them into the 

EHR. The alerter will also be rather straightforward and easy to program, but it should be 

customizable to the extent that it can assume the same user interphase as the EHR that it is linked 

to. This should make the users more prone to use the CDSS. What may take time to program is 

the interpreter since it should be capable of interpreting information from different EHR systems.  

 

The CDSS should at first focus on compatibility to the five largest EHR systems in Sweden to 

gain a large market penetration. Once the CDSS has been installed at hospitals and primary care 

centers using one of the five major systems the CDSS can be adapted to fit other systems used in 

primary care centers. It is important that the implementation of the CDSS follows the identified 

criteria for successful CDSS implementation stated in Chapter 5, section 5.4. Among these 

criteria was that the CDSS has to automatically give a recommendation at the right time, which 

means that it has to automatically read and interpret data from the EHR system. The most 

important success factor is that the CDSS has to be developed together with the users and that it 

has support on a national macro level, for example form the Swedish Society of Cardiology.66 

 
                                                
65 See Figure 7 chapter 5 section 5.0 
66 Which was confirmed during the interviews with the senior consultant in cardiology at Karolinska University Hospital in Huddinge, 17/4 2014, 
and with project manager at Health Navigator, 24/2 2014 
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The main users of the CDSS will be general practitioners at primary care centers using it on the 

macro level67, as it is integrated into the computer landscape and used by health care providers at 

different primary care centers throughout the country. This type of logic CDSS, that aids the 

physicians with routine tasks, is exactly what has been asked for during the interviews. The 

physicians who were interviewed were generally not too keen on implementing a CDSS that 

would help with anything more than routine tasks. One of the reasons why a logic CDSS is 

preferable is that it circumvents the issue of tacit knowledge.68  

 
6.6.9$Effects$on$the$Swedish$health$care$system$
As mentioned in the background, the Swedish health care system faces large problems with 

escalating costs, in part due to an aging population and Baumol cost disease69. These problems 

can’t be solved, only mitigated through efficiency improvements in the health care system.  

 

The CDSS that is described above is designed to facilitate the interaction between caregivers in 

the out-patient part of the Swedish health care system, ensuring that patients will receive the 

right care at the right time, Figure 14, which in turn gives higher efficiency. The CDSS mitigates 

the Baumol cost disease, since the physicians will have more time for other more complex tasks, 

and the system decreases the risk for human error.70 The system will also have positive effects on 

health care cost since it can, among other things, decrease the number of unnecessary 

admittances to in-patient care. Further-more the system is designed in such a way that it does not 

create problems with liability. Since the CDSS only suggests referrals it does not take active 

medical decisions that could affect the outcome of the patient negatively. This ensures that legal 

difficulties connected to the use of CDSSs are circumvented.  

 

The implementation of CDSS would give physicians more time for complex tasks, which is 

something physicians strive for, while it might also reduce the physicians’ professionalism and 

authority over time. A decreased level of professionalism could arise due to a new division of 

labor between physicians and nurses. Nurses might, over time, be allowed to use the CDSS and 

take the decision to remitt the patient to a cardiologist. This means that suddenly the physicians’ 

role as a doctor is no longer needed for the referral decision. This dispersion of authority could 

widen and increase the level of expertise and competence for many different caregivers over 

time, slowly eroding the authority of the physicians’ proffesion.  

                                                
67 As defined by Bronfenbrenner (Bronfenbrenner, 1979) 
68 As defined in Chapter 5 section 5.3 
69 As described in Chapter 4 section 4.2 
70 As defined in Chapter 5 section 5.2 
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Figure 14: Increased communication between out-patient care providers using the proposed CDSS 

 

6.6.10$Implementation$strategy$
The most effective implementation strategy for the CDSS would be to build opinion both within 

the health care system, but also with politicians at the county level. In order to get any type of 

ICT system implemented in the health care system the intended users, in this case physicians at 

the primary care centers, have to be willing to use the system (Bright et al.; 2012). The easiest 

way to create a political willpower to implement the CDSS is to present possible cost reductions. 

The cost reductions have to be substantial even after the initial investment in the CDSSs 

development. The intended CDSS should bring substantial savings, if implemented, since it 

could help all the patients that would benefit from being evaluated by a specialist. As of now, 

these patients don’t get treatment before they are unnecessary ill, which leads to increased 

expensive in-patient care at hospitals when patients have to seek emergency care.  More than 

half of all patients with heart failure only receive treatment at primary care centers, and 41% of 

the patients in Thorvaldsens’ study would have benefited from meeting a specialist (Thorvaldsen 

et.al., 2014).    

 

6.7 Summary Chapter 6 
In Chapter 6 the results and analysis was presented through five phases. Phase 1 used five 

criteria to identify the disease heart failure, as an interesting area in which a efficiency problem 

and a need for a CDSS could be found. The care chain of a patient with heart failure was mapped 

in phase 2, in order to gain a deeper understanding of the processes, functions and people 

involved. Hypotheses regarding problems that could be solved with a CDSS were constructed, 
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with the help of the care chain in phase 3. Interviews were conducted during phase 4, with 

relevant health care personnel and patients, where the hypotheses were confirmed, rejected, or 

proven to give inconclusive results. New problems were discovered through the interviewing 

process, and they were analyzed in phase 5, together with the confirmed problems. The analysis 

in phase 5, resulted in one problem being chosen as the problem that could best be solved using a 

CDSS.  

 

The most suitable problem, based on the criteria presented in the thesis, was that the patients 

with heart failure that could benefit from a specialist examination were not remitted from the 

primary care setting. The problem has severe effects both in terms of unnecessary suffering and 

unnecessary costs, since the patients will require more extensive care and often emergency care. 

The low rate of referral from primary care centers to specialist clinics is due to the ignorance of 

the generalist doctors at the primary care centers, as well as the difficulty in assessing the need of 

each specific patient. 

 

The CDSS that can solve the identified problem was concluded to be a CDSS that would guide 

the physicians in the primary care centers, in when and who to remit to a specialist clinic. Five 

predictors for when a patient would benefit form a specialist consultation has been found in a 

Swedish study from 2014. If patients are below 80 years, are of NYHA class III-IV and have one 

or more of the five predictors they should be sent to a specialist clinic. 

 

The design of the CDSS that meets this need is a logic CDSS, that evaluates data from an EHR 

and prompts the physician at the primary care center to send patients to a specialist clinic, if they 

meet the criteria. The users will be general practitioners at primary care centers across the 

country, which makes it a macro system. This CDSS will aid the Swedish health care system in 

providing the right care at the right time, making it cost efficient and limiting unnecessary 

suffering. 
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Chapter 7: Conclusion and implications 
 
 

 

7.0 Conclusion from the study and its implications 
The purpose of the study was to shed light on the overall need for CDSSs in the Swedish health 

care system, and to present a specific efficiency problem that could be solved by implementing a 

CDSS. A need for a CDSS was defined as where the implementation of a CDSS would improve 

patient outcome by delivering the right care at the right time, and reduce the cost of care.  

 

A focus area, heart failure, was found through the use of criteria that ensured that it would be a 

relevant area to investigate further. A number of problems concerning the care of heart failure 

patients were found, through the creation of hypotheses and interviews with relevant health care 

personnel and patients.  The problems and their potential solutions were analyzed, until one 

problem stood out and represented the greatest need for a CDSS within health care: the problem 

that patients with heart failure that could benefit from specialist examination are not remitted 

from the primary care setting.  

 

The design of a CDSS that would solve this problem is a logic CDSS that is based on five 

predictors together with the patients’ age and NYHA class, and prompts the primary care 

physician to send the patient to a specialist clinic. The five predictors are measures of systolic 

blood pressure ≤90 mm Hg, creatinine ≥160 µmol/l, hemoglobin ≤120 g/l, and lack of treatment 

with either RAAS-inhibitors or Beta-blockers. A prompt is sent to the physician as a pop-up 

window if the patient is under 80 years of age, is of NYHA class III-IV, and has one of the 

predictors. Patients that are sent to a specialist clinic can get their basic treatment optimized 

(medication), as well as be evaluated for more aggressive treatment such as receiving a mechanic 

heart pump or being signed up for a heart transplant. A study in February 2014, Sweden, showed 

that patients below 80 years of age with an ejection fraction of <40% primarily dies of heart 

failure or its comorbidities, which makes it relevant to introduce a more aggressive care.  

 

 

In Chapter 7, the findings of the thesis will be presented together with a discussion concerning 

potential future research in the field of CDSS in Sweden. Limitations that the critical viewer 

of the thesis should keep in mind are also stated. 
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Due to vårdvalet there shouldn’t be a problem to meet the larger number of patients seeking care, 

and surgery, at specialist clinics. Furthermore it should be cost effective for the health care 

system,to treat this increased amount of patients via specialist clinics. Since the overall cost of 

delivering the right care at the right time should be lower than allowing patients to get worse 

than necessary which may force them to seek emergency care. 

 

This thesis has been conducted through a qualitative case study, where the different stakeholders 

surrounding heart failure have been interviewed. The findings have been generalized to the 

context of Sweden, so that the need of an aid for remitting heart failure patients and its coupled 

CDSS would be relevant to all primary care centers across the country.   

 

The thesis has shed light on the need for CDSSs in Sweden, and developed an academic method 

which can be used for future needs analysis. Health care professionals, companies such as Health 

Navigator or researchers, can use the method used for the needs analysis. The method is not 

limited geographically to Sweden, but it may have to be modified to fit in each specific context. 

The implication of companies, researcher or health care professionals using the method to 

identify CDSS needs could be an increased CDSS implementation and more effective health care 

systems.  

 

7.1 Limitations of the thesis 
The thesis has limitations the reader should be aware of when critically reviewing it, as stated 

below: 

 

- Decisions have been made that were based on the authors subjective interpretation of 

matters, therefore the results of the research can be hard to duplicate. 

- The interviews could have focused on obtaining more detailed information, by interviewing 

more representatives from every particular profession; instead a more holistic view of the 

care chain was reached. 

 

7.2 Suggestion for further research 
There is still a significant literature gap in the field of CDSS needs in Sweden, further research 

could for example focus on:  (1) What criteria, other than the predictors presented in this article, 

that may show more accurate indications on when patients should be remitted to specialist 

clinics. (2) The need and design of CDSS aimed at improving the quality of care within other 

diagnoses.  
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Further research that builds on the article could focus on: (1) Whom to approach in order to 

finance and approve of the development of the CDSS. (2) A business strategy for how to 

approach the market.  
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