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Abstract
Arterial chronic hypertension represents a very important risk factor regarding the development of atherosclerosis which in turn can progress to acute coronary syndromes. Cardiopulmonary exercise testing (CPET) has
become a very important investigation in the assessment of exercise capacity and intensity of the patients who
are performing cardiac rehabilitation. The purpose of our study was to objectify the relationships between the
parameters of CPET and the echocardiographic parameters after the cardiovascular rehabilitation. We found
a significant increase in oxygen consumption (VO2) values, anaerobic threshold, effort capacity and maximum
heart rate and an improvement in the systolic function, marking a reduced cardiovascular risk.
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Introduction

Arterial chronic hypertension (HTN) is one of
the established cardiovascular risk factors for development of atherosclerosis [1] and an increased
incidence of coronary artery disease [2], peripheral vascular disease [3], cerebrovascular disease
and chronic renal disease [4]. It also represents an

*Correspondence to: Dr. Teodor Vasilcu , MD, PhD
Grigore T Popa University of Medicine and
Pharmacy Faculty of Medicine, First Medical
Department, Iasi, Romania
Tel.: +40 751 854090, E-mail: teodor.vasilcu@gmail.com

important risk factor for heart failure, myocardial
infarction, stroke, and cardiovascular death [5,6].
Arterial hypertension represents one of the
main factors that leads to atherogenesis and the development of vulnerable plaques whose instability
or rupture (which in turn results in thrombosis and
vessel occlusions) are responsible for the development of acute coronary syndromes (ACS) [2].
In GUSTO-1 trial that included 41021 patients
with STEMI who presented to the hospital within
6 hours of symptom onset were randomized to
receive different thrombolytic regimens: in this
population the prevalence of a history of previous
hypertension was 38.1% (15544 of 41021) [7]. In the
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RO-STEMI study that went from 1997 to 2009,
that included 19510 patients with STEMI, the prevalence of previous hypertension was 52,3% [8] while
in the GISSI-2 (Gruppo Italiano per lo Studio della
Streptochinasi nell’Infarto) which included 20491
patients with STEMI randomized to a 2×2 protocol
of thrombolysis, a history of HTN was present in
about 35% of the whole population [9].
However, the prevalence of arterial hypertension in patients with acute myocardial infarction
(AMI) has not been adequately investigated, since
most of the data was obtained using studies performed in the prefibrinolytic era (when drugs like
aspirin, statins, or beta-blockers were not included
in the routine therapeutic list and interventional
procedures were not available for a great number
of cases) or from clinical trials where the characteristics found in the pacients differed considerably
from those found in routine clinical practice.
All the more as of late, different investigations
concentrated on patients with STEMI submitted to
essential PCI [10,11] in which a past history of hypertension was available in a scope of 30–33%. The
SYMPHONY trial [12] indicated a commonness of
HTN in STEMI patients of over 50% (most likely because of various criteria of choice of the investigation
populace), and an ongoing Spanish registry (PRIMVAC) detailed a 46% predominance of hypertension
in STEMI patients [13]. From every one of the registries and the information accessible up to now [2,14],
hypertensive patients with STEMI have the following
charatheristics: older, female, of non-white ethnicity,
and having a higher predominance of comorbidities,
for example, diabetes, hypercholesterolemia, incessant renal disappointment, history of cardiovascular
disease, earlier myocardial infarction, and earlier
myocardial revascularization (angioplasty and stent
implantation or coronary artery bypass graft [15].
The Cardio-Pulmonary Exercise Test (CPET) has
turned into a significant clinical examination in surveying effort capacity. It is an important instrument
for both the diagnosis and prognosis of patients. It
permits the assessment of all the systems required
during exertion: respiratory, cardiovascular, haematopoietic, musculoskeletal and neuropsychic. The
conclusive outcome is more precise than the individual estimation of these systems. Because of the
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probability of investigating respiratory gases, with
the estimation of VO2 max and threshold determination, CPET is the best quality level in direct evaluation of activity power and exercise limit [16,17,18].
Cardiovascular rehabilitation is vital in patients
with coronary heart disease. It contains a lot of exercises required to impact the development of the disease and to offer patients with the best physical and
state of mind, accepting a long haul exertion from
both doctor and patient. The recuperation program
incorporates a multidisciplinary group including a
cardiologist, a physiotherapist, a nutritionist and a
therapist, who will decide the time, intensity and
frequency of the physical effort as indicated by the
severity of the pathological process and the sequelae
of the acute cardiovascular event [19,20,21].

Material and Methods

We conducted a prospective study that included 78
patients who were investigated at the Cardiovascular
Recovery Clinic from Recovery Hospital of Iași, Romania. They were evaluated when initially admitted
and 6 months later. Inclusion criteria consisted of a
prior diagnosis of chronic arterial hypertension and
one of the following: stable angina pectoris, chronic
myocardial infarction or chronic ischemic cardiopathy no later than 3 months prior to admission. The
Ethics Commission’s approval was obtained and all
the patients signed the participation consent before
the study began.
Within the six months of cardiac rehabilitation, patients conducted endurance aerobic exercise at least five days a week. Each training session
lasted between 30 and 60 minutes depending on
physical condition and comorbidities, and was performed at a medium intensity. Each patient performed CPET initial assessment, being established
the characteristics of the type of effort the patients
needed to perform [8,9]. The features of the physical effort were frequency, exercise intensity for
which we used Borg scale and the actual time of
each session [10,11].
The parameters monitored in the study using
the CPET were: VO2, anaerobic threshold (AT), the
cardiac frequency and the effort capacity.
©The Author(s) 2020
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VO2 is the quantity of oxygen that the patient
consumes during the test. At a certain point during
exercise, VO2 reaches a maximal value (VO2 max)
despite the fact that the patient continues the physical effort [12,13].
The anaerobic threshold estimated the occurrence of metabolic acidosis due to the inefficiency
of the aerobic metabolism at muscle level. AT is obtained near the highest effort, making the transition
to an anaerobic metabolism and the accumulation
of lactic acid, AT is an indicator of the patient’s
physical condition and it is used in the diagnosis of
a limitation to effort [14,15].
Maximum heart rate is important for the monitoring of heart rate response to effort. The maximum theoretical heart rate was calculated using the
following approved formula: 220 - patient age [16].
The statistical analysis was performed using
SPSS software, version 7.0. A value of p<0,05 was
considered statistically significant. The correlations
between variables were performed using Pearson r
correlation coefficient.

Figure 1 VO2 max ml/min at initial and second evaluation.

Results

Our study included 78 patients, predominantly
males (80.8%), with an average age of 59±9.08
years, ranging from 36 to 79 years. Out of the total
number of patients, 33.33% had undergone coronarography and coronary artery stenting, 13.33%
aortocoronary bypass and 53.33% were prescribed
conservative treatment. The assessed cardiovascular risk factor was HTA, which was encountered
in 93% of the patients. All patients underwent a
6-month cardiovascular rehabilitation program and
then repeated the CPET.
We found a significant increase in VO2 max
values from 1250.07 ml/min to 1557.39 ml/min
(p <0.01) (fig 1), as well as a significant improvement
in the VO2 max percentage from the theoretical
value: 58% to 72% (p<0.01) (fig.2). Regarding the
production of carbon dioxide during the CPET procedure there was also an increased value for the second test: 1407,53 ml/min to 1728 ml/min (p<0,01).
The value of the AT also showed a statistically
significant increase (p <0.01), marking an improved
©The Author(s) 2020	

Figure 2 VO2 max% from theoretical value at initial and
second evalution.

Figure 3 AT at intial and second evalution.
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physical condition after the cardiovascular recovery
program (fig.3).
The maximum effort capacity of the patients obtained from the predicted value for each individual
improved (p <0.01) from 94.9 W to 112.1 W (p<0.01)
(fig. 4), as well as the WATT max percentage from the
theoretical value: 55.2% to 64.5% (p<0.01) (fig. 5).
The heart rate also presented a significant increased value (p<0.02) between the tests, from 68.9/
min to 73.2/min (fig 6) as well as the oxygen pulse
(p<0.01) from 12.3 ml/min/beat to 14.5 ml/min/
beat (fig. 7).
The ejection fraction did not have an increased
statistically significant value (p<0.07), but we observed a better result between the two tests 51.1%
to 54.9%, while the mitral annular plane systolic
excursion (MAPSE) had a relevant grow from 15.8
mm to 17.4 mm (p<0.03) (fig. 8).

Discussion and conclusions

In the study published by Popovic D., et al., which
assessed cardiovascular recovery efficiency through
cardiopulmonary exercise testing, was followed a

Figure 6 Heart rate at initial and second evalution.

Figure 4 WATT max at initial and second evalution.
Figure 7 O2 pulse at initial and second evalution.

Figure 5 WATT max% from theoretical value at initial and
second evalution.
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Figure 8 MAPSE at initial and second evalution.
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Table 1. CPET parameters after 6 months of rehabilitation.
Variables

Mean 1

Std. deviation 1

Mean 2

Std. deviation 2

Sig. (2-tailed)

VO2 max

1250.07

340.18

1557.39

435.4

<0.001

VO2 max predicted

58

17

72

18

<0.001

VO2/kg/m2

13.11

3.3

1407.53

372.6

14.27

3.7

VCO2 max
VCO2/kg/m2
AT

999

359.4

16.5
1728
17.59
1291.7

4.7

<0.001

453.6

<0.001

4.6

<0.001

448.4

<0.01

WATT max

94.9

30.3

112.11

34.8

<0.002

WATT max predicted

55.2

15.5

64.5

14.7

<0.01

HR predicted

68.9

11.6

73.2

10.6

<0.022

FE

51.1

12.4

54.99

10.8

<0.07

FS

29.1

9.4

31.5

9

<0.16

TAPSE

24.9

5.3

26.1

5.2

<0.26

MAPSE

15.8

2.6

17.4

2.7

0.009

O2 pulse

12.3

2.8

14.5

4.1

<0.001

group of 142 patients, 23% women, who carried out
between 3 and 6 months specific recovery programs
after a coronary event. There was a significant increase (p <0.01) of the main parameters of TECP
(VO2max, anaerobic threshold, respiratory metabolic efficiency and effectiveness), results that are
consistent with those obtained in our study [22].
In another study published by J. Lavie et al.,
which enrolled 235 patients out of which 72% performed percutaneous transluminal angioplasty,
19% aorto-coronary bypass and 28% myocardial
infarction with conservatory treatment, they have
carried out 3 months cardiac rehabilitation in
which were followed major CV risk factors: lipid
profile, BMI, hypertension and smoking and echocardiographic parameters. The results showed a
significant decrease in LDL cholesterol as well as
triglycerides, as well as increased values regarding
the ejection fraction, TAPSE and MAPSE, results
again confirm the values obtained

in this study [23]
The enrollment of coronary artery disease patients in a cardiovascular rehabilitation program is
©The Author(s) 2020	

of vital importance. A 6-month cardiovascular rehabilitation program improves lipid profile, CPET
parameters and overall physical condition in subjects with angina pectoris, myocardial infarction or
ischemic cardiomyopathy.

Conflict of interest

The authors confirm that there are no conflicts of
interest
References
1. V. J. Dzau. Atherosclerosis and hypertension: mechanisms and interrelationships. Journal of Cardiovascular
Pharmacology. 1990; 15(5): 59–64.
2. C. Picariello, C. Lazzeri, P. Atana, et al. The Impact of
Hypertension on Patients with Acute Coronary Syndromes. Internation Journal of Hypertension. 2011: 1–7.
3. J. M. Murabito, R. B. D’Agostino, H. Silbershatz,
and P. W. F. Wilson. Intermittent claudication: a risk
27

Vasilcu T et al. The importance of cardiac rehabilitation for chronic hypertensive patients with coronary artery disease

4.

5.

6.

7.

8.

9.

10.

11.

28

profile from the Framingham Heart Study. Circulation. 1997; 96(1): 44–49.
M. Adamczak, M. Zeier, R. Dikow, and E. Ritz. Kidney and hypertension. Kidney International. 2002;
61(80): 62–67.
A. M. Richards, M. G. Nicholls, R. W. Troughton et
al. Antecedent hypertension and heart failure after
myocardial infarction. Journal of the American College
of Cardiology. 2002; 39(7): 1182–1188.
K. Miura, M. L. Daviglus, A. R. Dyer et al. Relationship of blood pressure to 25-year mortality due to coronary heart disease, cardiovascular diseases, and all
causes in young adult men: the chicago heart association detection project in industry. Archives of Internal
Medicine. 2001; 161(12): 1501–1508.
E. Topol, R. Caliﬀ, F. Van de Werf et al. An international randomized trial comparing four thrombolytic strategies for acute myocardial infarction. New
England Journal of Medicine. 1993; 329(10): 673–782.
G. Tatu-Chitoiu. RO-STEMI – Primul registru roman
pentru infarctul miocardic acut cu supradenivelare
de segment ST (1997-2009). Raport final – Bucuresti:
Amaltea, 2010.
C. Fresco, F. Avanzini, S. Bosi et al. Prognostic value
of a history of hypertension in 11,483 patients with
acute myocardial infarction treated with thrombolysis. GISSI-2 Investigators Gruppo Italiano per lo
Studio della, Sopravvivena nell’Infarto Miocardico,
Journal of Hypertension. 1996; 14(6): 743–750.
A. El-Menyar, M. Zubaid, A. Shehab et al. Prevalence
and impact of cardiovascular risk factors among patients presenting with acute coronary syndrome in
the middle east. Clinical Cardiology. 2011; 34(1): 51–58.
W. M. Ali, M. Zubaid, A. El-Menyar et al. The prevalence and outcome of hypertension in patients with
acute coronary syndrome in six Middle-Eastern countries. Blood Pressure. 2011; 20(1): 20–26.

12. C. G. Frazier, S. H. Shah, P. W. Armstrong et al.,
“Prevalence and management of hypertension in
acute coronary syndrome patients varies by sex: observations from the Sibraﬁban versus aspirin to Yield
Maximum Protection from ischemic Heart events
postacute coronary syndromes (SYMPHONY) randomized clinical trials. American Heart Journal. 2005;
150(6): 1260–1267.
13. V. Bertomeu, A. Cabad´es, P. Morillas et al. Clinical
course of acute myocardial infarction in the hypertensive patient in Eastern Spain: the PRIMVAC registry.
Heart and Lung: Journal of Acute and Critical Care.
2006; 35(1): 20–26.
14. C. Lazzeri, S. Valente, M. Chiostri, C. Picariello, and
G. F. Gensini, Uric acid in the early risk stratification
of ST-elevation myocardial infarction. Internal and
Emergency Medicine. 2011.
15. F. D’Ascenzo, A. Gonella, G. Quadri et al. Comparison of mortality rates in women versus men presenting with ST segment elevation myocardial infarction.
American Journal of Cardiology. 2011; 107(5): 651–654.
16. P. Gibelin, A. Aldossari, D. Bertora, P. Moceri et al.
IJCM. 2012; 3:532–537.
17. A. Mezzani, P. Agostoni, A. Cohen-Solal, U. Corrra,
et al. Eur J Cardiovasc Prev Rehabil. 2009; 16(3): 249–267.
18. M. Guazzi, V. Adams, V. Conraads, et al.. European
Heart Journal. 2012; 33: 2917–2927.
19. S.A. Billinger, R. Arena, J. Bernhardt, et al. Stroke.
2014; 45(8): 2532–2553.
20. Y. Parviz, S. Vijayan, S. Lavi. Cardiovasc Revasc Med.
2017; 18(5): 374–383.
21. B. Safdar, E.S. Spatz, R.P. Dreyer, et al. J AM Heart
Assoc. 2018; 7(13).
22. C.J. Lavie, A. Morshedi-Meibodi, R.V. Milani. Le Jacq.
2008; 3(3): 136–140.
23. D. Popovic, N. Kumar, S. Chaudhry, et al. J Cardiopulm Rehabil Prev. 2018 May 11.

©The Author(s) 2020

