
verity and deterioration of their status, CHF patients receive 
different types of health services from easy to advanced ther-
apy [1]. CHF is a costly disease in most countries. For ex-
ample, in the United States, the total cost of this disease was 
estimated to be $39.2 billion in 2010. A large portion of the 
costs are allocated to hospitalization and re-admission. CHF 
has high morbidity and mortality rates due to exacerba tions 
of patient status [2].
 Heart failure impairs the quality of life, and it imposes a 
considerable economic cost and social burden on society; 
therefore, the prevention of this chronic disease and appro-
priate health activity management are very important [3]. A 
follow-up plan and disease management for CHF patients 
have a significant role in reducing health care utilization, de-
creasing rates of re-hospitalization, and improving outcomes. 
Due to advances in medical sciences and technology, the use 
of modern technology to improve follow-up management 
programs is inevitable [4].
 Monitoring heart failure patients through continuous 
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I. Introduction

Chronic heart failure (CHF) is an increasingly common and 
complex health problem that accounts for at least 290,000 
deaths in the United States alone each year. Based on the se-
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assessment of sign and symptoms, checking compliance 
with self-management programs by information technol-
ogy tools and intelligent systems lead to large reductions in 
hospitaliza tion rates [5]. Application agent technology is one 
of the strongest artificial intelligence areas, and it can facili-
tate, accelerate and improve health services for CHF patients, 
especially in home care and telemedicine settings. An agent 
is a computer system, situated in a dynamic and unpredict-
able environment. It is capable of flexible autonomous action 
to meet its design objectives [6].
 Mobility is one of the characteristics of agents. This specifi-
cation is suitable for telemedicine and e-Health systems [7]. 
Agents have social ability. This means they can be coordi-
nated to be interoperable with each other and other systems 
in distributed and dynamic environments to achieve their 
goals. Health systems based on this technology are able to 
interact with a continually changing world and make auton-
omous and flexible decisions [8]. This capability is very im-
portant, especially in the remote monitoring of CHF patient 
and self-management programs. Agent can operate through 
various types of tools, such as mobile devices [9], so they can 
be used easily in telemedicine. Autonomy, reactivity, goal 
directed behavior, coordination with other agents, flexibility, 
communication and cooperation between independent ele-
ments, learning, reusability, intelligence, prediction ability, 
rationality, transparency, and accountability are some of the 
properties of agents [10]. Because of these abilities, agents 
can provide a suitable infrastructure for CHF follow-up 
management. The aim of this article is to provide a model for 
CHF follow-up management based on a multi-agent system.

II. Methods

This research was performed in 2013–2014 to determine an 
appropriate scenario for follow-up of patients with CHF. An 
appropriate scenario was determined by studying American, 
European, and Australian heart failure guidelines; the results 
were obtained using the Delphi method by surveying 20 
experts, including cardiologists (16 people), health informa-
tion managers, and medical informatics experts (4 people). 
The final scenario was plotted with Mindjet MindManager 
8 software (Mindjet, San Francisco, CA, USA). As discussed 
in next section, the data required for the monitoring and 
follow-up of CHF patients was identified by studying the 
American, European, and Australian heart failure guidelines 
and consultation with cardiologists. The minimum dataset 
(MDS) requirements for monitoring CHF were formulated 
as a checklist with six main parts, including demographic, 
clinical, examination, exercise test, drug, procedure, and 

imaging. This MDS was distributed to 16 cardiologists, and 
their comments and their ranking of each item was collected 
after discussion. Then, the identified priorities were im-
ported into Microsoft Excel, and the mean for each item was 
considered as its priority. After that, the agent-based follow-
up model was designed according to the previous mentioned 
results and agent-oriented analysis (AOA) methods. AOA 
is the process that deals with the discovery, documentation, 
and preservation of an actor’s defined roles, responsibili-
ties, and interactions in to design an agent-based system 
[11]. Through this method, general tasks and processes in 
the designed scenario were defined, and necessary agents 
were determined. The performance of one of the agents 
in this model was assessed according to real data of CHF 
patients who were discharged in 2013 from a heart center. 
MDS for monitoring CHF were collected during 5 months 
in three different sections of follow-up. The gathered data 
was imported using RapidMiner 5 software (RapidMiner 
Inc., Cambridge, MA, USA) and R programming language 
for intelligent data analysis. Due to various aspects of data 
use, various types of decision trees, such as ID3, CHAID, 
and C4.5, were considered for data modeling. Supervised 
methods such as decision tree are more appropriate for data 
analysis because it uses data labels, so it is more suitable for 
the implementation of agents. The status of a patient defined 
in as either follow-up or non-follow-up (death and hospi-
talization). A coefficient was assigned to each variable in the 
data analysis based on the average priority that cardiologists 
assigned to each variable, accessibility, and the importance 
of each variable from the viewpoint of a cardiologist and the 
cost of health services. Also, K-nearest neighbors (K-NN), 
an unsupervised method based on the same decision tree 
structure, was used in three follow-up steps. Evaluation was 
performed based on cross-validation, and voting was used 
for final data analysis. In the voting method, it is possible to 
apply and combine different algorithms from various models 
to obtain a suitable outcome.

III. Results

In the first phase of designing and implementing a multi-
agent system for the follow-up of CHF, it was necessary to 
define an appropriate scenario. To do this, three heart failure 
guidelines of Europe, America, and Australia were studied. 
These guidelines are generally very similar, and their differ-
ences were mostly limited to the form of their expressions. 
The important factors in the process of diagnosing and treat-
ing heart failure in these guidelines are listed in Table 1.
 Proposed scenario for follow-up of CHF according to car-
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diologist’s viewpoint described in Figure 1.
 In the proposed scenario, assessment of the patient’s clini-
cal status after discharge is very important; therefore, deter-
mining the minimum data set for follow up monitoring of 
patients was necessary. In the second phase of this research, 
the minimum data categories for the follow-up of CHF pa-
tients was extracted from the comments of cardiologists and 
the studied guidelines. These six main categories of data are 

demographic, clinical, examination, drug, exercise test, and 
imaging/procedure, which includes angiography, echo, scan 
SPECT, and ECG. For each data category, the mean priority 
based on the comments of cardiologist was calculated in Mi-
crosoft Excel. The results were then used for weighting data 
in data analysis. The mean of priority for each item is listed 
in Tables 2 and 3.
 Designing agents as the third part of this research was pos-

Table 1. Important factors in the diagnosis and treatment of heart failure in the studied guidelines as identified by the research team

Guideline Important factors

In Europe guideline [12] 1. Patient history and exams
2. Diagnosis
3. Treatments: pharmacological/non-pharmacological or surgery/non-surgery
4. Management of heart failure includes:
    - Remote patient monitoring
    - Structured telephone support
    - Heart transplantation
    - Palliative care
    - Education of patient and their family

In America guideline [13] 1. Initial evaluation of patients including:
    - Identification of patients through study of their medical history
    - Identification of abnormality through clinical tests
    - Laboratory assessment
2. Diagnosis:
    - Risk control
    - Identification of abnormalities
    - Drug therapy
    - Prevention of patient status deterioration
    - Provision of  suitable treatment
3. If hospitalization is needed:
    - Survey diagnosis strategies
    - Pharmacological therapy and necessary intervention
4. Education of patient and their family

In Australia guideline [14] 1. Diagnosis based on:
    - Common reasons
    - Uncommon reasons
2. Patient history and exams
3. Management of heart failure
    - Management goals
    - Risk management
    - Routine non-pharmacological treatment/drug therapy
    - Education of patient and their family, access multidisciplinary CHF programs where available
    - Refer people with CHF to a physical activity specialist
    - Identification of factors that exacerbate CHF
    - Manage advanced and end-stage CHF

CHF: chronic heart failure.



310 www.e-hir.org

Niloofar Mohammadzadeh and Reza Safdari

http://dx.doi.org/10.4258/hir.2015.21.4.307

sible after a suitable scenario was defined and the categories 
of data that should be considered in the follow-up plan were 
identified. It is certain that the application of information 
technology tools, such as multi-agent systems, in the field 
of chronic disease management has significant benefits for 
communities. The selection of any one of these technologies 
at the national level should be based on greater understand-
ing of these tools and health care organization goals. Our 
multi-agent architecture model is proposed in accordance 
with the CHF follow-up scenario described in Figure 1 to 

implement efficient mechanisms to support CHF follow-
up management. This model could have important benefits, 
such as a reduction in the number of admissions, decreased 
mortality and morbidity rates because it can promptly notify 
patients and cardiologists when abnormal patient conditions 
occur.
 The proposed model comprises various agents. The basic 
tasks applied by agents are the following:
•	Medical	data	access	for	monitoring	patient	status	in	a	real-

time 
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ure (CHF) plotted with Min-
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•	Intelligent	data	analysis	including	the	following:
 - Medical data processing for patient data interpretation
 - Reasoning to evaluate the outcome of the processing pro-

cedure
 - Negotiation for decision making to assess the individual 

outcome of each specific agent and generate an overall 
characterization of a patient’s status

 - Learning capabilities to improve the reasoning capabili-
ties of agents and system performance

•	Communication	with	other	agents	of	the	framework	for	
collaboration and knowledge sharing

 Based on the parameters that have to be monitored during 
CHF follow-up, the following agent types may be distin-
guished: user agent, Web-based user interface agent, intelli-
gent data analysis agent, electronic patient record agent, on-
tology agent, broker agent, administration and visit schedule 
agent, education agent, and hospital agent.
 The proposed multi-agent model architecture is depicted in 
Figure 2 with emphasis on the system functionality. 
 The proposed system is a user center. Two user agent levels 

Table 2.   Minimum data set for follow-up monitoring of chronic 
heart failure patients

Factor Mean of priority

Demographic
   Age 2.38
   Sex 4.84
   Hypertension 2.69
   LDL 6.61
   Diabetes 1.07
   Smoking 4.69
   Family history 5.69
Clinical
   Chest pain 5
   PND 2.92
   Nocturia 3.23
   Dyspnea 1
   Edema 2.69
Examination
   Na 5
   K 1.76
   HB 3.69
   BUN 5.76
   Cr 2.15
   ProBNP 2.33
Exercise test
   Functional capacity 1
   ST low 2.38
   Chest pain during exercise test 2.61
Drug
   Diuretic 4.53
   Digoxin 8.46
   Nitrates 7.53
   Statin 6.23
   Aspirin 7.07
   CA blockers 9
   ACE inhibitors 2.76
   ARB 4.93
   Beta blockers 3.46

LDL: low-density lipoprotein, PND: paroxysmal nocturnal 
dyspnea, Na: sodium, K: potassium, HB: hemoglobin, BUN: 
blood urea nitrogen, Cr: creatinine, ProBNP: pro-brain 
natriuretic peptide, ACE: angiotensin-converting en zyme, 
ARB: angiotensin II receptor blocker.

Tables 3.    Minimum data set for monitoring follow-up chronic 
heart failure patients in imaging/procedure section

Procedure Mean of priority

Angiography
   EF 1
   Coronary artery involvement 2
Scan SPECT
   Ischemia 1
   Viability 2
Echo
   EF 1
   Left ventricular size 2.92
   Mitral valve regurgitation 2.15
   Pulmonary artery pressure 4.30
   Right ventricular function 4.61
ECG
   ECG normality 4.38
   ST-T abnormality 2.92
   LVH 2.15
   PRP 1
   LA abnormal 4.53

EF: ejection fraction, SPECT: single-photon emission com-
puterized tomography, ECG: electrocardiogram, LVH: left 
ventricular hypertrophy, PRP: pressure rate product, LA: left 
atrial.
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are defined, namely, patient and physician. The behavior of 
the system is quite flexible and allows customization of the 
system according to user’s preference. The platform is Web-
based so users can access data through computers, mobile 
devices, PDAs, and through the Internet, Wi-Fi, and SMS 
at all times. Easy, rapid, and continuous user access to the 
system can facilitate the monitoring and follow-up of CHF 
patients. 
 As shown in Figure 2, a user agent logs into the system 
through the Web-based user interface to find the needed 
information. The user interface agent is Web-based and is 
implemented through a Web service and a Web browser. 
Through the Web browser, the user is connected to the sys-
tem. Information exchange is performed between agents and 
user with the connecting server and Web browser. This agent 
manages all user queries and requests. 
 The intelligent data analysis agent is used for problem de-
tection, data analysis, general evaluation, prediction of pa-
tient status, and to make correct judgments about patients’ 
condition. If a patient needs to visit the doctor, this agent 

connects to the administration and visit scheduling agent 
for access to the clinic schedule, and it schedules an appoint-
ment with a doctor. Also, if a patient needs education, this 
agent communicates with the education agent and provides 
es sential education to the patient about diet, drugs, and self-
management.
 After intelligent data analysis, if a patient needs to be hos-
pitalized, relevant information regarding hospitals, depart-
ments, and bed status are provided to the patient through 
the hospital agent.
 If more health information is needed, intelligent data 
analysis is connected to the electronic patient record agent 
to acquire the appropriate information. The availability of 
patient history and other related information for data analy-
sis is necessary for follow-up. This is possible through the 
electronic patient record. Information mapping between the 
electronic patient record agent and intelligent data analysis is 
possible through the ontology agent. 
 After intelligent analysis, if the user needs education, an 
outpatient visit, or hospitalization, the broker agent com-

Table 4.  Accuracy of model based on different algorithms

Class recall (%) Class precision (%)
Accuracy (%)

True Non True Follow Pred. Non Pred. Follow

Decision tree
   C4.5 (1st follow-up) 86.21 70.49 73.53 84.31 78.15
   CHAID (2nd follow-up) 84.85 73.13 60.87 90.74 77.00
   ID3 (3rd follow-up) 95.65 73.68 81.48 93.33 85.71
K-NN classification
   1st follow-up 100 62.90 71.60 100 80.83
   2nd follow-up 90.91 85.07 75.00 95.00 87.00
   3rd follow-up 100 51.72 71.13 100 77.95
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chronic heart failure fol-
low-up management based 
on agent.
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municates and connects with the relevant agent and provides 
the required information to the user. This system can handle 
a heavy workload and requires a significant amount of time 
and effort to accomplish all tasks. Accuracy of model based 
on different algorithms is shown in Table 4.

IV. Discussion

CHF imposes heavy costs on the health systems of many 
countries. Despite advances in treatment methods, this dis-
ease is highly prevalent. Obviously, to the follow-up of CHF 
patients is necessary to decrease the common causes of read-
mission and to prevent the deterioration of patients’ status. 
Nowadays, health data analysis without intelligent analysis 
tools is very difficult and sometimes impossible because of 
advances in the field of health and the increasing complexity 
of health data.
 Data analysis using artificial intelligence techniques is an 
important tool that can provide access to the knowledge 
hidden in the huge clinical and administration databases of 
hospitals. Also, providing useful knowledge to healthcare 
personnel can support decision making and increase the 
quality of prevention, treatment, and diagnosis plans. Agent 
technology is one of the strongest tools in the artificial intel-
ligence field, and it can help to implement appropriate in-
frastructure for improved data analysis and CHF follow-up 
management. 
 The proposed agent-based model for intelligent data an-
alysis of CHF follow-up can be implemented on two user 
levels (patient and physician). Cardiologists can be directly 
involved in intelligent data analysis and use his/her priori-
ties for data analysis or consult the opinions of other car-
diologists and use the priorities of others that exist in the 
system. This system, like other multi-agent systems in the 
health domain, uses Web services for interoperability with 
other information systems. It is easy, and fast and can be 
accessed online 24 hours a day. Information exchange be-
tween agents and among users with a system must be done 
securely. Important factors in the implementation of the 
proposed system should be considered: definition of secu-
rity requirements, determination of access levels, and user 
authentication, especially in application profiles, electronic 
patient record management, access control, and encryption 
of transferred data. Also, it should be noted that a security 
layer in data, tools, network and user levels, compliance with 
the principles of confidentiality, and disclosure of informa-
tion are very critical.
 The proposed intelligent system has the ability to learn and 
improve itself. Implementation of the model with more data 

and various interval times at a broader level may achieved 
better results. 
 Physicians rely on evidence-based medicine more than 
facts resulting from software. However, intelligent data an-
alysis is facing enormous challenges due to the diversity of 
the data and specific conditions of health domains. The lim-
ited amount of disease-related data, uneven distribution of 
classes due to limited numbers of samples (for example the 
number of people with a particular disease less than those 
without the disease), lack of electronic medical guidelines 
and decision support systems that can help physicians in de-
cision-making are the main obstacles in the medical know-
ledge domain, and this research has been faced with them. 
In this study, despite the importance of the minimum data 
set of CHF, some of these categories of data were left out of 
the intelligent analysis because they were not recorded in the 
hospital information system (HIS) of heart center considered 
here. Therefore, it is recommended that, in the design and 
use of HISs, the registration and collection of data needed to 
track the status of patients with CHF should be implemented.
 The proposed multi-agent system is no substitute for car-
diologists, but it could be a useful tool for decision-making. 
Lack of physician trust in intelligent analysis is the greatest 
obstacle to the implementation of intelligent system in all 
countries. In this study, to eliminate this obstacle, we tried 
to benefit from consultation with cardiologists in addition to 
software specialist and health information management ex-
perts. By applying what we have learned from cardiologists’ 
comments, report results, and feedback to the proposed 
system, design, we hope it will have a significant effect on 
physician trust and acceptance. 
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