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Ever since 2023, with the provision of some
equipment facilities (ergometric bicycles
equipped with software that allows the
quantification of the body’s response to effort
– including by performing the simple or cardio-
pulmonary effort test - CPET), we initiated a
doctoral study under the supervision of Prof.
Gelu Onose, M.D., Ph.D. with the co-
supervision of Associate Prof. Ștefan Sebastian
Busnatu, M.D., Ph.D.

MAIN OBJECTIVES

1 The configuration of a Cardiovascular
Rehabilitation Protocol within Badgasar-Arseni
Clinical Emergency Hospital (BACEH)

2 The inclusion of a high number of patients
(roughly 50) in the study group

3 The inclusion of a high number of patients
(roughly 50) in the control group

4 The performance of statistical analysis of the
obtained results

5 The publications of the results in an ISI
indexed journal, IF>=0.5

6 The initiation and the development of the
Electronic Registry for Cardiovascular
Rehabilitation (ERCVR), as part of an Electronic
Registry for Cardiovascular Diseases (ERCVD),
implementable nationwide.

7 The initiation of a related viable telemedicine
system.

Doctoral study



The situation of CV rehabilitation in Romania 
• The electronic medical registries have

emerged with the development of
medical information systems, which are
indispensable databases for medical
research.

• Currently, these registries have evolved
and are used inclusively in the prevention
and public health programs.

• By studying the literature sources in the
field, including by using PRISMA method
in the development of a literature journal
*, we noticed that in Romania, there is no
corresponding National Program nor an
Electronic Registry for cardiovascular
rehabilitation and cardiovascular
diseases – the need for such a program to
exist is extremely necessary - but also the
bibliographical references are scarce,
from this point of view.

„
*

* https://bioclima.ro/Balneo799.pdf



• The existence of such registries is indisputably necessary, especially in the
era of digitalization of medical services and moreover in the context in
which Romania is a European Union (EU) member, and there are already a
series of countries in the EU that have such registries, for example Sweden,
Germany and the Netherlands. *,**,***

• By establishing such a Registry, we could also be included in the modern
version of 4P-medicine: “predictive, preventive, personalized and
participatory” ****

• In this context, the conceptual framework of the 5-Ps of cardiovascular
rehabilitation has recently occurred in the specialty literature: (1)
Personalization, (2) Processes and systems, (3) Patient-centered care, (4)
Parlance, and (5) Partnership and unity *****

*B. Rauch et al., “Clinical Medicine Cardiac Rehabilitation in German Speaking Countries of Europe-Evidence-Based Guidelines from Germany, Austria and Switzerland LLKardReha-
DACH-Part 1 and on behalf of the Cardiac Rehabilitation Guideline Group §,” J. Clin. Med, vol. 10, p. 2192, 2021, doi: 10.3390/jcm10102192.
** M. Bäck et al., “The SWEDEHEART secondary prevention and cardiac rehabilitation registry (SWEDEHEART CR registry),” Eur Heart J Qual Care Clin Outcomes, vol. 7, no. 5, pp. 431–
437, Sep. 2021, doi: 10.1093/EHJQCCO/QCAB039.
*** “EAPC Country of the Month - The Netherlands.” Accessed: Mar. 16, 2025. [Online]. Available: https://www.escardio.org/Sub-specialty-communities/European-Association-of-Preventive-
Cardiology-(EAPC)/Advocacy/Prevention-in-your-country/Country-of-the-Month-The-Netherlands
****Flores M, Glusman G, Brogaard K, Price ND, Hood L. P4 medicine: how systems medicine will transform the healthcare sector and society. Per Med. 2013;10(6):565-576. doi:
10.2217/pme.13.57. PMID: 25342952; PMCID: PMC4204402
***** Pop B, Fetica B, Blaga ML, Trifa AP, Achimas-Cadariu P, Vlad CI, et al. The role of medical registries, potential applications and limitations. Med Pharm Rep [Internet]. 2019 [cited 2025
Apr 9];92(1):7. Available from: https://pmc.ncbi.nlm.nih.gov/articles/PMC6448488/
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The Electronic Registry for Cardiovascular 
Rehabilitation (ERCVR) implementable nationwide

• In collaboration with UMFCD in
Bucharest, which provided the REDCap
information platform – we conceived a
proof-of-concept for the National
Electronic Registry for Cardiovascular
Rehabilitation as part of the National
Electronic Registry (NERCVR– see article in
the Journal of Medicine and Life - JML).

• This model represents a consistent
support for the development and
subsequent implementation of such a
completely functional registry,
applicable nationwide, regarding the
report of cardiovascular diseases
(NERCVD). All these achievements were
possible through the exemplary
interdisciplinary cooperation between
the two Clinical Departments of BACEH,
i.e. the Cardiology Department and the
NMR Department, respectively.

*Mihaela Mandu, Gelu Onose et.al.:The preparation and inception of a
National Electronic Register for Cardiovascular Rehabilitation (NERCVR) with
initial results, as part of a National Electronic Register for Cardiovascular
Diseases (NERCVD); Journal of Medicine and Life, 2025, Volume 18, Issue 7, pp
656 – 670



The Electronic Registry for Cardiovascular 
Rehabilitation (ERCVR) implementable 

nationwide
Given our concrete initiative in this important and necessary scientific
research directive, we obtained the Patent Certificate from the State Office
for Inventions and Trademarks No. 023606/29.10.2025.



The general layout of the doctoral study

• A comparative clinical study, with
2 components:

- prospective (the study group)
consisting in patients after acute
myocardial infarction (acute MI),
who require cardiovascular
rehabilitation, who benefited
from aerobic training on the
sensor ergometric bicycle;

- retrospective (the control group)
consisting in patients after acute
MI who did not benefit from this
type of intervention;



Definition of terms
• Aerobic exercise = type of repetitive and structured physical activity that requires that

the metabolic system of the body use oxygen to produce energy.*

• Aerobic exercise = that type of physical activity of moderate intensity, during which the
patient can talk, but cannot sing during effort. **

*https://www.physio-pedia.com/Aerobic_Exercise
**https://pubmed.ncbi.nlm.nih.gov/25010379/
***https://www.scienceforsport.com/talk-test-how-going-old-school-can-boost-your-performance/?srsltid=AfmBOoomhgJ-4proC_O6CPe5eU7qCFSjk1tkzDJ1YXujdyPfTu6TFeAf

„**
*

„***

https://www.physio-pedia.com/Aerobic_Exercise
https://www.physio-pedia.com/Aerobic_Exercise
https://www.physio-pedia.com/Aerobic_Exercise


Study hypotheses and the Main specific objectives 
„It is assumed that the efficiency of rehabilitation physical exercise
in patients after acute MI is influenced by demographic, clinical
and functional parameters/ factors (such as age, sex, body mass
index, etc.), and this can be quantified through the consumed
energy (kJ) during physical exercise on the sensor ergometric
bicycle”

MAIN OBJECTIVES
• To identify factors/parameters (demographic and clinical

variables of patients) which are associated with the efficiency of
rehabilitation physical exercise, measured in the energy that the
patient consumed throughout the physical exercise.

• To structure, with the help of these factors/parameters,
methods/ procedural sequences that can completely restore
the physical condition/ performance of patients after acute MI
and implicitly, their life quality.

The primary endpoint of this study was the energy consumed by
the patient per session [kJ].



In order to achieve the proposed objectives, the process of development and implementation of a
structured program of cardiovascular rehabilitation was initiated, formalized as a work protocol
adopted by BACEH management (currently being optimized through the second revision).
This protocol was developed through the collaboration between cardiologists and rehabilitation
medicine physicians and it was implemented within „Bagdasar-Arseni” Clinical Emergency Hospital
(BACEH), Bucharest.

Material and methods



Material and methods THE STUDY GROUP
INCLUSION CRITERIA EXCLUSION CRITERIA

Confirmed diagnosis of acute MI Patients with cardiovascular disorders,
others than acute MI

Performing a minimum of 7 days of
cardiovascular rehabilitation through
training on the sensor ergometric bicycle

Performing less than 7 days of
cardiovascular rehabilitation on the
sensor ergometric bicycle

Patients with 2 effort tests performed
before and within at least 3 months from
the sessions of CV rehabilitation

Patients who did not perform 2 effort
tests before and within minimum 3
months after the sessions of CV
rehabilitation

Clinical and biological stability at the
onset of the CV rehabilitation program

Patients who are clinically-biologically
instable at the moment of testing in order
for possible inclusion

Informed consent signed for the
participation to the study

Patients who did not sign the informed
consent for the participation to the study



Material and methods CONTROL GROUP
INCLUSION CRITERIA EXCLUSION CRITERIA

Confirmed diagnosis of acute MI Patients with cardiovascular disorders,
others than acute MI

Patients who underwent 2 effort tests
at a minimum 3-month interval

Patients who did not undergo 2 effort
tests at a minimum 3-month interval

Patients who follow standard
medication treatment after acute MI,
mentioned in the OC (medication
according to the profile guidelines)

Patients without standard medication
treatment after acute MI, mentioned in
the OC (medication according to the
profile guidelines)

Clinical-biological stability (with no
major complications after acute MI) at
the time of testing

Patients who are clinically-biologically
instable at the time of testing

They did not participate in any
structured cardiovascular rehabilitation
program

They did not participate in any
structured cardiovascular rehabilitation
program

The informed consent signed for
participation in the study

Patients who did not sign the informed
consent for participation in the study



DEMOGRAPHIC ANTHROPOMETRIC PHYSIOLOGIC FUNCTIONAL

Age (years) Body mass index –
BMI (Kg/sm)

Maximum cardiac 
frequency – MCF
(bpm)

No. aerobic sessions 
(days)

Sex Left ventricle 
ejection fraction –
LVEF 

Resistant load – LOAD
(W)

Maximum power 
(Wmax)

Metabolic equivalents-
METS

Duration of effort –
Time (min)

Energy (Kj)

Materials and methods
Bio-functional factors/ parameters used 



Type of activiry MET value Energy consumption

Rest (Sitting or lying) 1 MET 60 cal

Exercises (30 minutes)

Pilates 3.5 METs 105-131 cal

Fast walking 4.8 km/h 5 METs 150-188 cal

Weight lifting 6 METs 180-225 cal

Crawl swimming 8 METs 240-300 cal

Calisthenics (rhythmic gymnastics) 8 METs 240-300 cal

Running 9 minutes 11 METs 330-413 cal

Household activities (30 minutes)

Vacuum the carpet 3.3 METs 99-124 cal
Gardening 4 METs 120-150 cal

Activities with the pet (dog) 4 METs 120-150 cal

Cleaning and polishing the car 4.5 METs 135-168 cal

Playing with children 5 METs 150-188 cal

Moving furniture 6 METs 180-225 cal

Sports activities

Volleyball 3 METs 90-113 cal

Golf 4.5 METs 135-169 cal

Dancing 4.8 METs 144-180 cal

Backpacking 7 METs 210-263 cal

Basketball 8 METs 240-300 cal

Football 10 METs 300-375 cal

Many times, functional capacity is quantified using MET (metabolic equivalent): 1MET represents a consumption of
3.5ml/kg/min.oxygen (in an individual lying/ sitting and at rest).

Moreover, the predicted value of MET,according to sex and age (also recommended in*), is (according to the software of the 
Clinic of Cardiology)of [14,.7- 0.11x age] for men and [14.7-0.13x age] for women. 

During the effort test we measure VO2 max and we report in percentage to the predicted value
(ml/kg/min).

We consider that the presentation of some types of physical activities is necessary in relation with MET value and 
with their energy consumption, for the optimization of the recommendations of physical activity according to their 

tolerance to effort achieved after CPET. 
Table: Various types of physical activity and their correspondent in MET, and respectively the determined energy 

consumption**

* Naji P, Griffin BP, Barr T, Asfahan F, Gillinov AM, 
Grimm RA, Rodriguez LL, Mihaljevic T, Stewart WJ, 
Desai MY. Importance of exercise capacity in 
predicting outcomes and determining optimal timing 
of surgery in significant primary mitral regurgitation. 
J Am Heart Assoc. 2014 Sep 11;3(5):e001010. doi: 
10.1161/JAHA.114.001010. PMID: 25213567; PMCID: 
PMC4323806. 

** (dupa): Holtermann, Andreas & Stamatakis, 
Emmanuel. (2018). Do all daily metabolic equivalent 
task units (METs) bring the same health benefits?. 
British Journal of Sports                                                                                                    
Medicine. 53. bjsports-2017. 10.1136/bjsports-2017-
098693 - cu unele modificari



Materials and methods
• For the statistical analysis, we used R program, version

4.5.1, (c) 2025 (The R Foundation for Statistical
Computing)

• The alpha significance level of the study was 0.05, the p
values lower than 0.05 being considered statistically
significant.

• The exploratory/ preliminary statistic processing for the
training on the sensor ergometric bicycle was done
separately, according to sex and age, for each variable the
following being calculated: the Average, the Standard
Deviation(SD), the Mean value, the Minimum, the
Maximum, the Number for each category.

• Moreover, the relation between the variable from the
bicycle test was represented graphically and: the LVEF value
from the beginning of the therapy and the BMI value at the
beginning of the therapy.



Preliminary results
The number of sessions of aerobic exercise according to age and sex

Age cat Sex average SD Mean value Minimum Maximum

(25,49] F 9.5 2.12 9.5 8 11

(25,49] M 18.08 13.13 15 8 58

(49,57] F 15.4 4.16 16 10 21

(49,57] M 16.35 15.87 10 8 73

(57,71] F 11.2 3.77 9 8 17

(57,71] M 14.43 5.16 14 9 23

For all age groups, men participated in more aerobic
sessions than women, on average, the difference
being higher, almost double for the age group 25-49
years, which can indicate more active involvement
of younger man in the program.

Moreover, it can be noticed that middle-aged women had the best
involvement from all female groups (on average 15.4 sessions).
However, for the men in the age group 49-57, the average is 16.35, but the
mean value is 10, which indicates a „increased” distribution by some high
values (outliers).



Preliminary results
The analysis of the parameters regarding the Rehabilitation 

Protocol
For an additional intrinsic verification, we statically objectified what we also predicted, i.e.
the parameters used in our CV Rehabilitation Program were adjusted correctly according
to age, body mass and the deconditioning level to physical effort of the patients enrolled
in the study.

By analyzing the parameters Total
Time and FCM according to Sex and
Age, we notice significant
differences between sexes, more
obvious in the age category [57-71]
years, which means that men in this
category have followed a higher
intensity protocol than women,
taking into account the
physiological particularities which
are usually in favor of men, related
to:
- Muscle mass
- The CV response to physical

effort
- The initial level of physical

performance

Moreover, we noticed that both the Total time and the Max
VR dropped slowly with aging, irrespective of the sex. This
difference can be accounted for by the physiologic decline of
the effort capacity with aging through:
- The decrease of active body mass
- structural and functional changes of the CV system
- The reduction of the maximum chronotropy response with

aging.



Preliminary results
The analysis of the parameters regarding the Rehabilitation 

Protocol

In the graphs SCATERPLOT WITH A REGRESSION LINE, the
relationships between the initial values of LVEF and the Total Time
of aerobic training, respectively FCM are positive, which indicates
the fact that the patients with a better cardiac function followed a
protocol with a higher level of effort.



• There is a reversed proportional relation between the Total Time of training on
the sensor ergometric bicycle and the BMI, which indicates the fact that the
patients with a higher BMI were suggested more reduced times of training to
ensure an adequate tolerance to training and to avoid cardiac overexertion.

• On the other hand, there is a directly proportional relation between FCM and
BMI, suggesting that the patients with a high BMI were determined higher valued
of FCM, corresponding to the necessary effort to attain an efficient
cardiovascular response in the context of increased muscle mass.

• These correlations confirm again that the Rehabilitation protocol was calibrated
individually, depending on the weight status and the cardiac function of the
patients.

Preliminary results
The analysis of the parameters regarding the Rehabilitation 

Protocol



Preliminary results
The analysis of the evolution of variables measured for the Bicycle test

  Load 

Predictori Estimates CI p 

(Intercept) 54.69 44.90 – 64.47 <0.001 

Moment [II] 4.83 -9.01 – 18.67 0.493 

Moment [III] 13.25 -0.59 – 27.09 0.061 

Moment [IV] 16.58 2.74 – 30.42 0.019 

Moment [V] 19.73 5.89 – 33.57 0.005 

Moment [VI] 24.85 11.01 – 38.69 <0.001 

Moment [VII] 28.19 14.35 – 42.03 <0.001 

Moment [VIII]  35.88 22.03 – 49.72 <0.001 

Observations 384 

R2 / R2 adjusted 0.097 / 0.080 

 

The linear analysis in which:
- the dependent variable is the
variable measured Resistant load -
Load (W)/METS
- the predictor is the Moment (that
is, the consecutive moments of
testing)
As a statistical reference, we used
the value of intercept which
represents the estimated value of the
dependent variable (that is Resistant
load - Load/METS) when the
predictor (the Moment) is 0 .

  Mets 

Predictori Estimates CI p 

(Intercept) 3.22 2.84 – 3.60 <0.001 

Moment [II] 0.18 -0.36 – 0.72 0.518 

Moment [III] 0.45 -0.09 – 0.99 0.101 

Moment [IV] 0.64 0.10 – 1.18 0.021 

Moment [V] 0.59 0.05 – 1.13 0.031 

Moment [VI] 0.97 0.43 – 1.51 <0.001 

Moment [VII] 1.09 0.55 – 1.63 <0.001 

Moment [VIII]  1.08 0.54 – 1.62 <0.001 

Observations 360 

R2 / R2 adjusted 0.080 / 0.062 

 

The resistant load (Load/METS) increases progressively from the initial moment (the
reference measure from the intercept value), the maximum increase being registered in
the last day.
Starting with Moment 4 the differences become statistically significant, and starting with
Moment 6, p<0.001 already.



Preliminary results
The analysis of the evolution of variables measured for the  Bicycle test

  Energie 

Predictori Estimates CI p 

(Intercept) 216.79 177.00 – 256.59 <0.001 

Moment [II] 15.52 -40.76 – 71.80 0.588 

Moment [III] 39.67 -16.61 – 95.95 0.167 

Moment [IV] 57.02 0.74 – 113.30 0.047 

Moment [V] 84.96 28.68 – 141.24 0.003 

Moment [VI] 103.33 47.05 – 159.61 <0.001 

Moment [VII] 105.02 48.74 – 161.30 <0.001 

Moment [VIII]  180.35 124.08 – 236.63 <0.001 

Observations 384 

R2 / R2 adjusted 0.133 / 0.117 

 

The energy evolution was constantly
increasing, and starting with moment IV the
evolution from intercept was statistically
significant.
Therefore, patients can sustain extensive
physical effort safely – a clear marker of the
improvement of effort capacity and the
cardiovascular condition.

Regarding the variable Time for training on the sensor ergometric bicycle, this leads to an increase in the
exercise duration, but the difference from intercept was significant only for the last session.

  Timp 

Predictori Estimates CI p 

(Intercept) 22.29 21.01 – 23.57 <0.001 

Moment [II] 0.48 -1.33 – 2.29 0.603 

Moment [III] 0.42 -1.39 – 2.23 0.651 

Moment [IV] 0.46 -1.35 – 2.27 0.619 

Moment [V] 1.54 -0.27 – 3.35 0.095 

Moment [VI] 1.60 -0.21 – 3.41 0.082 

Moment [VII] 1.27 -0.54 – 3.08 0.168 

Moment [VIII]  2.29 0.48 – 4.10 0.013 

Observations 384 

R2 / R2 adjusted 0.026 / 0.008 

 



Preliminary results
The analysis of the evolution of variables measured for the Bicycle test

The average values of FCM have slightly
increased throughout the 8 sessions, with
statistically significant differences at
Moment VI and VIII.

This graph indicates an improvement of the
autonomic cardiac control, the increase in
myocardial contractile efficiency and a
progressive cardiovascular adaptation to the
effort tasks prescribed, with no exaggerated
values of VR during physical effort.

The evolution indicates efficient cardiac
adaptation and increase tolerance to effort
throughout the program.

  FCM 

Predictori Estimates CI p 

(Intercept) 112.15 105.25 – 119.04 <0.001 

Moment [II] 0.63 -9.12 – 10.37 0.900 

Moment [III] 7.94 -1.81 – 17.69 0.110 

Moment [IV] 5.29 -4.46 – 15.04 0.287 

Moment [V] 9.21 -0.54 – 18.96 0.064 

Moment [VI] 11.50 1.75 – 21.25 0.021 

Moment [VII] 9.65 -0.10 – 19.39 0.052 

Moment [VIII]  10.77 1.02 – 20.52 0.030 

Observations 384 

R2 / R2 adjusted 0.029 / 0.011 

 



Preliminary results
The analysis of the evolution of variables measured for the Bicycle test

• No statistically significant changes were noticed regarding the evolution of REV as an expression
including the methodology paradigm established along with the profile/ personalization according to
age, sex, BMI, and effort tolerance.

• Thus, REV was held constant, only the degree of resistance to the sensor ergometric bicycle being
different.

• The TAS/TAD/TAM evolution was in decline, variable and without statistically significant differences.

• There was not an evolution with statistically significant differences from the intercept value regarding
the Borg value, but we must take into account the fact that it is a subjective measurement of the
degree of physical effort.



Conclusions 
1. Through close and constant monitoring, we managed to maintain the development of programs
according to the sustained procedural matrix.

2. The objectives of this doctoral study contributed to the stage fulfillment of the overall doctoral
endeavor:

 The CV Rehabilitation Program was created and standardized through a corresponding Protocol
implemented within BACEH

 A number of approximately 80 patients were included in this program 

 After the implementation of the inclusion/ exclusion Criteria, we created a study group of 35 patients
and a control group, respectively, which includes 25 patients

 After the performance of exploratory statistical analysis, we will subsequently expand our analysis to
an interferential one by including 50 patients in the study group

 We already published two articles as part of the doctoral endeavor in journals ISI indexed with an
IF>=0.5 and an article published in a PubMed indexed journal.

 Moreover, we developed the telemedicine system to which specialists from both clinics have
contributed



Conclusions 

• Our endeavor is a first step in building a structural and
complex National Cardiovascular Rehabilitation Program,
which we would like to introduce nationwide in order to
meet the performance standards in the field along with the
other countries that acknowledged the need of such an
endeavor.

• Moreover, the necessary sine qua non is also the Electronic
Registry of Rehabilitation for cardiovascular diseases, also
implementable nationwide, both accomplishments being
synergetic and with significant benefits on health, life quality
and the psychological-social-economic consequences among
patients with cardiovascular disorders, but also related to
minimizing costs, the burden of cardiovascular diseases both
for the individual and on the social-economic level, is
multifaceted and it thus significantly affects the medical
system and not only.



Conclusions:

The existence of a permanently updated record of the 
population at risk 

The improvement of prevention and health education 
actions

The subsequent reduction in incidence and prevalence, as 
well as mortality or disabilities caused by them

The increase of adherence of patients in need/ who 
benefit from cardiovascular rehabilitation interventions, 

including the consecutive improvement of life quality



Our initiative started in 2023 and it was entirely confirmed and supported
through this Governmental Decision, which once again confirmed the need to
actively prioritize prevention, treatment and rehabilitation in CV diseases.



THANK YOU FOR YOUR ATTENTION!

Cardiovascular rehabilitation not only prolongs lives,
but it also restores life quality – through science,
personalization and multidisciplinarity.
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