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Abstract—This paper examines the home monitoring system 
used in our Department of Cardiology in the Future Inter-
net Social Technological Alignment in Healthcare (FI-
STAR) project - a project focused on secondary prevention 
in cardiology (www.fi-star.eu). The system used is composed 
of bluetooth capable medical devices that collect vital pa-
rameters though CardioStar application (an application 
that was developed in collaboration with computer engi-
neers. The collected data are transmitted in real time to a 
central server in our hospital, where there is a continuous 
supervision of the parameters. We evaluated this system in 
order to prove its use in reducing the cardiovascular risk 
and increasing the adherence to the life-style changes.  

This paper presents the analysis of the MAST (Model for 
Assessment of Telemedicine) evaluation - which is the best 
way of evaluation for the telemedicine solutions - from the 
professional point of view. The questionnaires of evaluation 
were performed anonymous on a online platform. The ap-
plication passed successfully the MAST evaluation, demon-
strating that the developed telemedicine system designed for 
our cardiac patients fulfills its purpose in the secondary 
prevention.  

Index Terms—electronic devices, home monitoring system, 
mobile application, telemedicine. 

 BACKGROUND I.
Telemedicine is a new and provocative area for the 

modern medicine, offering new perspectives especially in 
the prevention field. The home monitoring systems were 
proved to be a motivational factor for the primary preven-
tion to the persons who have risk factors to develop a 
cardiovascular disease and, of course an important moti-
vational factor for the secondary prevention for those who 
already suffer of a cardiac disease and who want to pre-
vent its complications, or to rehabilitate after an acute 
cardiovascular event. 

The development of technology in medicine field has 
brought a new frontier with interdisciplinary perspectives 
of exploration, being a borderline issue between medicine, 
informatics and socio-ethics. Concerns over the privacy of 
the health information systems and the health communica-
tions devices are new and debated in the telemedicine 
field, because the telemedicine area is itself a new domain.  

 INTRODUCTION II.
Our Department of Cardiology from the Emergency 

Hospital ``Bagdasar-Arseni`` within the University of 

Medicine and Pharmacy ``Carol-Davila``, Bucharest, 
started a vast FP7 project at the beginning of the 2013, 
through we tested a telemedicine solution for the home 
rehabilitation of the patients who suffered an acute cardi-
ovascular event. This study developed in our Clinic is part 
of the ``Future and Technological Alignment Research 
(FI-STAR)``.  

There are different countries in the Europe who are test-
ing this telemedicine solution in different fields of medi-
cine, but our country, respectively our Department of 
Cardiology was responsible of the cardiovascular diseases.  

So we developed a mobile application – CardioStar – 
that was designed for the Romanian speaking people and 
which is able to recognize the electronic devices that we 
offer to each patient for home monitoring of the vital 
parameters and to record them, and of course to transmit 
them to our central server from the hospital in real time 
(Fig. 1). This central server is supervised by a medical 
doctor all the time, so any medical problem can be ap-
proached in time (Fig. 2).  

 
Figure 1.  CardioStar Mobile Device 

 
Figure 2.  The Central Server 
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Monitoring the patients with cardiovascular diseases is 
an important point of the secondary prevention after their 
discharge from the hospital. The problem is that many 
patients don`t come to the hospital for reevaluation until 
they are in a really bad condition of their health. The 
home-monitoring systems are the optimal solution for all 
the cardiovascular patients in order to reduce their cardio-
vascular risk on a long term, to prevent major cardiac 
events after discharge from the hospital, to reduce the 
costs of hospitalization and to increase the adherence of 
the patient to the therapy.  

 MATERIAL AND METHODS  III.
Since January 2015 we included in our study 50 per-

sons with cardiovascular diseases who were supervised 
via mobile devices and telemonitoring systems during 
their long term recuperation program while they were at 
home.  

After their discharge from the hospital, each one of 
them received a specific recuperation plan that consisted 
in specific lifestyle changes, diet, physical activity and 
medication, and this plan was supervised by our medical 
staff through the CardioStar application (Fig. 3).  

The socio-ethical problems were taken into account 
from the very beginning. In this regard we started the 
application only after the accomplishing the socio-ethical 
aspects like the signing of the Informed Consent, the test-
ing of the security of the mobile application, the ensuring 
of the protection of the transmitted data and of the record-
ed data on the mobile application and on the central serv-
er. 

The security of the private information was tested by 
our study equip formed by programmers and doctors who 
took into account all the safety measures before the appli-
cation to be distributed to the patients.  

First of all, this safety test consisted in assuring the pro-
tection of the database (on the central server in our hospi-
tal) by encrypting it with user and password.  Only the 
supervisory staff had full access to the database.  

Then the application on the mobile phone was protected 
also by different user and password for each one of the 
patients. Also for safety reasons, after each use of the 
application, this was totally removed from the device and 
reinstalled for the next user.  

After all these precautions, was performed a test for the 
application with anonymous data obtained from the pro-
fessional stuff that coordinated our study. We mention that 
the professional stuff included 10 persons who are as 
profession medical doctors or engineers in computers.  

In addition to the objective evaluation of the security of 
the data that included the denying of the access from any 
other electronic device or communication media, we eval-
uated this application from the ethic point of view, by a 
specific socio-ethic questionnaire that included the securi-
ty evaluation. 

We also evaluated the application regarding the quality 
of the parameters and fulfillment of its objectives from the 
view of the patient and of the professional team. 

This evaluation was done using a personalized MAST 
(Model for Assessment of Telemedical Solution) e-Health 
impact evaluation questionnaire that was completed after 
six months of evaluation of our telemedical solution.  

 
Figure 3.  Patient using CardioStar application 

We asked the professional stuff to complete these two 
questionnaires after they had enough experience (six 
months of experience with their patients who used the 
application).  

The results presented below are the ones who were ad-
dressed to the professional stuff, responsible for the organ-
ization and coordination of this research.  

FI-STAR MAST (Model for Assessment of Telemedi-
cine) Questionnaire for Professionals 

1. How satisfied are you with the application’s 
health care output in its entirety? 

o Very well; well; neutral; poorly; very 
poorly. 

2.  How well the application fulfills your expecta-
tions in health care delivery? 

o Very well; well; neutral; poorly; very 
poorly. 

3. Imagine a perfect application in all aspects of 
health care delivery. How far away from that is 
the application you are using today? 

o Very close; somehow close; neutral; 
far; very far. 

4. Accessibility:The application is easily accessible 
for different groups of users. 

o 5-point Likert-scale: Strongly agree – 
strongly disagree. 6: not applicable. 

5. Adhereability: The application helps patients to 
more adherence by some sort of motivators (i.e. 
being a member of a community. 

o 5-point Likert-scale: Strongly agree – 
strongly disagree. 6: not applicable. 

6. Affordability: The health care service delivered 
through the application is more affordable or de-
crease expenditures, comparing with other alter-
natives. 

o 5-point Likert-scale: Strongly agree – 
strongly disagree. 6: not applicable. 

7. Availability: The service which is provided by 
the application, is available on demand. 

o 5-point Likert-scale: Strongly agree – 
strongly disagree. 6: not applicable. 

8. Efficiency: The application has increased effi-
ciency by reducing: complexity or number of 
tasks, number of reworks, time consumed. 
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o 5-point Likert-scale: Strongly agree – 
strongly disagree. 6: not applicable. 

9. Effectiveness: The application has increased ef-
fectiveness, especially by improving at least one 
of these items:  
- less mistakes: 

o 5-point Likert-scale: Strongly 
agree – strongly disagree. 6: not 
applicable. 

-  readiness or promptness for different situa-
tions:  

o 5-point Likert-scale: Strongly 
agree – strongly disagree. 6: not 
applicable. 

- more knowledge and evidences: 
o 5-point Likert-scale: Strongly 

agree – strongly disagree. 6: not 
applicable. 

- more personalized treatment: 
o 5-point Likert-scale: Strongly agree – 

strongly disagree. 6: not applicable. 
10. Empowerment: The application empowers the 

patient by increasing their knowledge about their 
situation or general knowledge about the dis-
ease.  

o 5-point Likert-scale: Strongly agree – 
strongly disagree. 6: not applicable. 

The application empowers the medical personnel 
by increasing their knowledge about the patient 
situation or general knowledge about the dis-
ease. 

o 5-point Likert-scale: Strongly agree – 
strongly disagree. 6: not applicable. 

11. Safety: It is safe for the patients to use the appli-
cation without any possibility of disability, mor-
bidity, or mortality harm. 

o 5-point Likert-scale: Strongly agree – 
strongly disagree. 6: not applicable. 

 It is safe for the medical personnel to use the 
application without any possibility of disability, 
morbidity, or mortality harm.  

o 5-point Likert-scale: Strongly agree – 
strongly disagree. 6: not applicable. 

The application provides correct information 
without any mislead or confusion.  

o 5-point Likert-scale: Strongly agree – 
strongly disagree. 6: not applicable. 

The application provides enough information on 
how to minimize possible harms during the us-
age. 

o 5-point Likert-scale: Strongly agree – 
strongly disagree. 6: not applicable. 

If the application fails, and if the failure causes 
any harm, then the harm would be minor as it 
would be non-severe, rarely happening, or hap-
pening for a very short duration.  

o 5-point Likert-scale: Strongly agree – 
strongly disagree. 6: not applicable. 

The application improves health care safety by 
detecting emergency situations, unsafe behaviors 
or glitches in the process.) 

o 5-point Likert-scale: Strongly agree – 
strongly disagree. 6: not applicable. 

12. Trustability: The application attains trust of pa-
tients (for example by ensuring privacy of their 
information or being non-invasive in its interac-
tion with them). 

o 5-point Likert-scale: Strongly agree – 
strongly disagree. 6: not applicable. 

 

 FI-STAR Socio-ethical Questionnaire for A.
Professionals 

User Involvement / responsiveness  

• The application allows for providing feedback to 
its developers in order to increase the fit be-
tween current and expected functions.  

o 5-point Likert-scale: Strongly agree – 
strongly disagree. 

User Exclusion 
• The application needs (technically) skilled users 

in order to make good use of the application.  
o 5-point Likert-scale: Strongly agree – 

strongly disagree. 
Professional-Patient Relationship / autonomy 

• The use of the application increased my ability 
to make choices that fit good healthcare deliv-
ery. 

o 5-point Likert-scale: Strongly agree – 
strongly disagree. 6: not applicable 

Social Environment Impact 
• The use of the application has positively 

changed the social status of certain conditions 
(e.g. conceptions of people with a particular dis-
ease). 

o 5-point Likert-scale: Strongly agree – 
strongly disagree. 6: not applicable. 

Organizational Impact. 
• The application has positively changed the way I 

organize my work.  
o 5-point Likert-scale: Strongly agree – 

strongly disagree. 6: not applicable. 
 

All the factors revealed by these two questionnaires 
were grouped in 5 parameters for the statistical analysis 
depending on its characteristics:  

Parameter 1: user feedback and sentiment analysis 
(which reveals the following characteristics: expectance, 
accessibility, adherence, affordability, social environment, 
impact, interface). 

Parameter 2: crash analysis (which reveals the follow-
ing characteristics: app`s output, organizational impact, 
devices` output) 

Parameter 3: in-app bug reporting (which reveals the 
following characteristics: effectiveness, user involvement, 
responsiveness, errors, user exclusion) 
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Parameter 4: over-the-air app build distribution (which 
reveals the following characteristics: availability, safety, 
trustworthiness, confidence). 

Parameter 5: evidence-based prioritization (which re-
veals the following characteristics: efficiency, empower-
ment, relation with professionals, autonomy). 

 RESULTS IV.
The score value is standardized for each one of the pa-

rameters. The Satisfactory Score depend on the parameter 
and it is described in the Table II, under each one of the 
parameters, as well as the Unsatisfactory Score. We ob-
tained a Satisfactory Score from the professional ques-
tionnaires for all the parameters with a statistical signifi-
cance. Except the first parameter where p-value cannot be 
evaluate (because the number of the questionnaires with 
unsatisfactory score was only one in this case), for the rest 
of parameters we obtained a significant p-value (< 0,05) 
as follows:  

-parameter 2: p-value = 0,000183 (Table II, Table III) 
-parameter 3: p-value = 0,032 (Table II, Table IV) 
-parameter 4: p-value = 0,0003 (Table II, Table V) 
-parameter 5: p-value = 0,0004 (Table II, Table VI) 

TABLE I.   
DESCRIPTIVE ANALYSIS IN THE PROFESSIONAL GROUP 

Characteristics in the proffesionals` group  Statistics 
Age, yr (median, range) – Graph 1 31 (27-63) 

Male, n (%) 2/10 (20%) 
Female, n (%) 8/10 (80%) 

TABLE II.   
SUMMARY OF THE RESULTS 

 Characteristics in the 
proffesionals` group 

Statistics p-value 

Parameter 1  Score (median; range) 8; 7-17 NA* 
Satisfactory Score 

(standard 7-14) 
median; range; percent  8; 7-12; 

90% 
Unsatisfactory Score 

(standard 15-35) 
median; range; percent 17; NA* 

(90%) 
Parameter 2 (Table III) Score (median; range) 3; 3-10  

Satisfactory Score 
(standard 3-8) 

median; range; percent  3; 3-6; 
80% 

0,000183 

Unsatisfactory Score 
(standard 9-15) 

median; range; percent 9,5; 9-10; 
20% 

 

Parameter 3 (Table IV) Score (median; range) 5,5; 5-13  
Satisfactory Score 

(standard 5-10) 
median; range; percent  5; 5-9; 

80% 
0,032 

Unsatisfactory Score 
(standard 11-25) 

median; range; percent 12; 11-13; 
20% 

 

Parameter 4 (Table V)  Score (median; range) 5,5; 4-10  
Satisfactory Score 

(standard 4-8) 
median; range; percent  4; 4-8; 

70% 
0,0003 

Unsatisfactory Score 
(standard 9-20) 

median; range; percent 9; 9-10; 
30% 

 

Parameter 5 (Table VI) Score (median; range) 6,3; 4-9  
Satisfactory Score 

(standard 4-8) 
median; range; percent  5; 4-8; 

70% 
0,0004 

Unsatisfactory 
Score (standard 9-

20) 

median; range; 
percent 

9; 9-9; 
30% 

 

NA = not applicable 

TABLE III.   
PARAMETER 2 – STATISTICAL SEMNIFICATION 

 T-Test: Two-Sample Assuming Equal Variances 
  Variable 1 Variable 2 

Mean 3,625 9,5 
Variance 1,410714 0,5 

Observations 8 2 
Pooled Variance 1,296875  

Hypothesized Mean Difference 0  
df 8  

t Stat -6,52558  
P(T<=t) one-tail 9,16E-05  
t Critical one-tail 1,859548  
P(T<=t) two-tail 0,000183  
t Critical two-tail 2,306004   

TABLE IV.   
PARAMETER 3 – STATISTICAL SEMNIFICATION 

T-Test: Two-Sample Assuming Unequal Variances 
  Variable 1 Variable 2 

Mean 5,875 12 
Variance 2,125 2 

Observations 8 2 
Hypothesized Mean Difference 0  

df 2  
t Stat -5,44444  

P(T<=t) one-tail 0,01606  
t Critical one-tail 2,919986  
P(T<=t) two-tail 0,032119  
t Critical two-tail 4,302653   

TABLE V.   
PARAMETER 4 – STATISTICAL SEMNIFICATION 

T-Test: Two-Sample Assuming Unequal Variances 
  Variable 1 Variable 2 

Mean 5 9,333333 
Variance 3 0,333333 

Observations 7 3 
Hypothesized Mean Difference 0  

df 8  
t Stat -5,89865  

P(T<=t) one-tail 0,000181  
t Critical one-tail 1,859548  
P(T<=t) two-tail 0,000362  
t Critical two-tail 2,306004   

TABLE VI.   
PARAMETER 5 – STATISTICAL SEMNIFICATION 

T-Test: Two-Sample Assuming Unequal Variances 
  Variable 1 Variable 2 

Mean 5,142857 9 
Variance 2,142857 0 

Observations 7 3 
Hypothesized Mean Difference 0  

df 6  
t Stat -6,97137  

P(T<=t) one-tail 0,000217  
t Critical one-tail 1,94318  
P(T<=t) two-tail 0,000433  
t Critical two-tail 2,446912   

iJOE ‒ Volume 11, Issue 5, 2015 41



PAPER 
THE IMPLICATIONS OF CARDIOVASCULAR HOME MONITORING REHABILITATION – MOBILE APPLICATIONS AS OPTIM… 

 DISCUSSION V.
It is obviously that our propose regarding a specific 

mobile application for the secondary prevention in cardio-
vascular diseases was well rated by our professional su-
pervisor group, because of its important contribution to 
the their work improvement, to a better relationship with 
the patient, to a better supervision of the patient`s cardiac 
evolution and health condition, and of course in terms of a 
better organization of their time. More than these we ob-
tained a well rated socio-ethical impact in terms of securi-
ty and privacy of the medical information, and we under-
stood that this is an optimal solution for ensuring to our 
patients a proper and a safe medium of their medical data 
transmission. 

Because we tested this application only in our Depart-
ment of Cardiology which is the first Department in our 
country which tests an application which monitor the vital 
cardiovascular parameters at home, we had only a small 
professional equip who managed to supervise the 50 pa-
tients that we tested during these 6 months.  

But we hope that our project will be soon extended to 
more centers in our country, and that our application will 
be soon used by more doctors, so we expect to have as 
soon as possible a new evaluation to a large scale.  

 CONCLUSION VI.
Mobile applications and afferent devices are for sure 

the future of medicine, especially in the prevention sector 
(even if we talk about primary or secondary prevention. 
As we remarked in our study, the use of these monitoring 
devices involves a lot of medical, social, ethical implica-
tions. We tested their statistical signification by the quali-
tative tests, and by the periodical technical evaluation of 
the devices (that were done both by doctors and by com-
puter engineers). We obtained satisfactory result, with 
statistical signification, regarding the positive impact of 
the using of these devices by our patients.  

In conclusion, we expect soon a ``revolution`` of our 
medical system in our country that will save our time, our 
money invested in the medical system, and of course, that 
will save the lives of our patients who will be well moni-
tored and approached in time when the medical parame-
ters are changed in the wrong direction.  
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