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Abstract: Cardiovascular rehabilitation represents a very important measure in post myocardial infarction patients for 
both, improving their quality of life and preventing other acute cardiovascular events. It is important to accurately assess 
functional capacity of patients after acute coronary events, in order to optimize the results of cardiac rehabilitation program. 
Cardiopulmonary exercise testing (CPET) represents the gold standard in functional capacity assessment. We present 3 cli-
nical cases of post STEMI patients, with coronary revascularization interventions, addressed to cardiovascular rehabilitation. 
They underwent CPET evaluation at baseline and during rehabilitation program. This method proved important utility for 
individualization of cardiovascular rehabilitation program, as well as for monitoring the long term evolution after myocardial 
infarction.
Keywords: cardiopulmonary exercise testing, myocardial infarction, cardiac rehabilitation.

Rezumat: Recuperarea cardiovasculară reprezintă o măsură importantă la pacienţii post-infarct miocardic acut, atât din 
punct de vedere al efectelor de îmbunătăţire a calităţii vieţii, cât şi pentru prevenţia apariţiei altor evenimente cardiovas-
culare. Pentru optimizarea rezultatelor programului de recuperare cardiovasculară este importantă evaluarea riguroasă a 
capacităţii funcţionale a pacienţilor după evenimentul coronarian acut. Testarea cardiopulmonară de efort (CPET) reprezintă 
standardul de aur în evaluarea capacităţii funcţionale. Prezentăm trei cazuri clinice ale unor pacienţi cu STEMI şi intervenţii 
de revascularizare coronariană, la care s-a indicat recuperarea cardiovasculară. La aceşti pacienţi s-a realizat evaluarea prin 
CPET atât la iniţiere cât şi pe parcursul programului de reabilitare cardiovasculară. Metoda s-a dovedit utilă pentru indivi-
dualizarea programului de recuperare cardiovasculară dar şi pentru monitorizarea evoluţiei pe termen lung la pacienţii cu 
infarct miocardic.
Cuvinte cheie: testare cardiopulmonară de efort, infarct miocardic, recuperare cardiovasculară. 

INTRODUCTION
Although myocardial infarction remains a common 
event in patients with cumulative cardiovascular risk 
factors, the increasing accessibility to modern the-
rapeutic resources of myocardial revascularization, 
determined a signifi cant improvement of surviving1. 
However, patients surviving an acute coronary event 
need to be included in a cardiovascular rehabilitation 
(CR) program, to restore their functional capacity and 
quality of life, to control risk factors and to prevent 
the recurrence of acute cardiovascular events2.

It is important to individualize the parameters of 
aerobic exercise training within CR program, conside-
ring clinical and functional particularities of the patient.

Currently, the gold standard in functional capa-
city assessment is cardiopulmonary exercise testing 
(CPET), recommended by clinical guidelines for CR, 
in order to maximize benefi ts and to minimize risks 
associated to aerobic exercise training3-7. In addition, 
CPET represents the most rigorous assessment of the 
effectiveness of CR program8,9.
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In this paper we present three clinical cases to 
exemplify CPET using in CR programs, highlighting the 
benefi ts obtained, according to the clinical particulari-
ties of each case.

CASE SERIES

Case 1
A 48-year-old male was known for ten years with es-
sential hypertension, type 2 diabetes mellitus under 
oral therapy and mixed dyslipidemia. The patient was 
admitted to Clinical Recovery Hospital Iasi, for phase 
II CR, two month after an anterior STEMI, treated by 

percutaneous coronary intervention (PCI), with drug 
eluting stent implantation on the left anterior descen-
ding artery. At the admission, the patient presented 
slight limitation during ordinary activity. Echocardio-
graphy revealed a left ventricular apical hypokinesia 
and a left ventricle ejection fraction limited to 50%. 

Functional capacity was assessed by CPET, before 
initiating CR. The most important CPET parameters 
were: maximum oxygen consumption (peak VO2), 
maximum workload (WR [Watt]), ventilatory (ana-
erobic) threshold (AT), oxygen (O2) pulse, relation 
between VO2 and workload (∆VO2/∆WR slope), re-
lation between minute ventilation (VE) and carbon di-
oxide production (VE/VCO2 slope), maximum heart 
rate, maximum blood pressure (Figure 1, 2, 3, 4).   

CPET revealed a pattern of cardiac moderate func-
tional limitation (peak VO2 64% of predicted value) 
and determined a target heart rate of 110 beats per 
minute (bpm), for aerobic exercise training during CR 
program. The main results are presented in Table 1 
(two month after the STEMI). The patient continued 
a long term ambulatory CR program. After 6 month, 
CPET assessment revealed signifi cant improvement of 
the functional capacity (Table 1 – 8 month after the 
STEMI).

Figure 1. Peak VO2 detection (case 1): maximum oxygen consumption recorded during progressive intensity exercise; ventilatory (anaerobic) threshold 
(AT) detection: During progressive increasing of exercise intensity, at a given workload, oxygen supply to the muscle does not meet the oxygen require-
ments. This imbalance determines the necessity of anaerobic glycolysis in order to provide muscle energy, resulting in lactic acid production. Conversion of 
lactic acid to lactate, results in an excess of CO2 production, which is revealed on graphical representation of trend for VO2 and VCO2 (anaerobic threshold).

Table 1. Case 1 – CPET parameters
Time after STEMI (month) 2 8
Workload (Watt) [% of predicted] 142 [70%] 177 [88%]
Peak VO2 (ml/minute) 1517 1985
Peak VO2 % of predicted 64 85
Ventilatory threshold (ml/kg/minute) 20 27.9
Respiratory Exchange Ratio 1.01 1.14
∆VO2/∆WR (ml/minute * W) 9.02 9.02
VE/VCO2 slope 27 27.6
Maximum heart rate (bpm) [% of predicted] 137 [80%] 140 [82%]
Maximum O2 pulse % of predicted 86 100
Maximum blood pressure (mmHg) 160/100 190/100
Target heart rate for CR program 110 115
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Figure 2. Ventilatory threshold detection applying ventilatory equivalents method (case 1): At the anaerobic threshold, a physiological increase in ventilation 
(VE) simultaneously appears, to eliminate the excess CO2 (ventilatory threshold). It is the point at which, an increase of the ventilatory equivalent for oxygen 
(VE/VO2) occurs, without an increase of ventilatory equivalent for carbon dioxide (VE/VCO2).

Figure 4. VE/VCO2 slope calculation (case 1): This parameter represents an index of ventilator effi ciency, with a normal threshold <30, which can be ex-
ceeded in heart failure or pulmonary hypertension. This parameter is not infl uenced by age or sex and presents high test-retest reliability, being uninfl uenced 
by exercise testing protocol 4. For case 1, VE/VCO2 slope presented a normal value of 27.

Figure 3. Target heart rate detection for aerobic training within cardiovascular rehabilitation (case 1): Ventilatory threshold marks the upper limit of light 
to moderate – intensity effort domain. Light to moderate-intensity training is the most indicated for cardiovascular rehabilitation of cardiac patients with a 
markedly reduced exercise capacity, for those with high exercise-related risk, or recent hemodynamic decompensation, including patients after myocardial 
infarction3. The heart rate corresponding to ventilatory threshold represents the target heart rate during aerobic exercise training: 115 bpm for case 1.
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Case 2
A 35-year-old male, smoker, overweight, known with 
dyslipidemia, was admitted to our clinic, for phase II 
CR, one month after an anterior STEMI, treated by 
PCI. Echocardiographic examination at hospital admis-
sion revealed a left ventricular apical hypokinesia and 
a left ventricle ejection fraction of 50-60%.

The results of CPET were consistent with a car-
diac pattern of moderate-severe functional limitation: 
decreased peak VO2 and ventilatory threshold; decre-
ased maximum O2 pulse; normal ventilatory reserve 
(Table 2 – one month after the STEMI).

The patient initiated CR in our clinic, continuing an 
ambulatory CR program. Two month later, a second 
CPET revealed slight improvement of the most im-
portant parameters (Table 2 – CPET parameters at 
3 month after the STEMI). A third CPET assessment 
was done four month later, proving signifi cant impro-
vements of workload, maximum oxygen consumption 
and maximum heart rate. However, the results reve-
aled a signifi cant negative trend, apparently paradoxi-
cal, for two key parameters: ventilatory threshold and 
maximum oxygen pulse (Table 2 – CPET parameters 
at 7 month after the STEMI). The next CPET assess-
ment, done at 15 month, revealed important changes 
in functional capacity. Although work rate level seems 
to improve, peak VO2 had a slight decrease, while ven-
tilatory threshold and maximum heart rate presented 
a signifi cant negative trend (Table 2 – CPET parame-
ters at 22 month after the STEMI).

Inline with CPET changes, echocardiography reve-
aled left ventricular apical hypokinesia, involving in-
terventricular septum and left ventricle lateral wall, 
suggesting left ventricle apical aneurysm. Furthermo-
re, left ventricle ejection fraction decreased to 40-
45%, compared to previous echographic exam.

Case 3
A 56-year-old male, smoker, was known with chronic 
coronary artery disease (left anterior descending ar-
tery and left main trunk lesions), hypertension, mixed 
dyslipidemia, grade I obesity. The patient was admitted 
in our clinic, to be included in phase II CR program, 
fi ve month after anteroseptal STEMI and coronary 
artery bypass grafting (CABG). At the admission, the 
patient presented a moderate limitation during ordi-
nary activity. Echocardiographic examination revealed 
left ventricular regional wall motion abnormality with 
ejection fraction of 50%.

Maximum oxygen consumption, and ventilatory 
threshold assessed at CPET, corresponded to a mo-
derate-severe alteration of functional capacity, while 
O2 pulse was 76% of predicted maximum (Table 3 – 5 
month after the STEMI). The results of CPET presen-
ted above were consistent with a cardiac pattern of 
moderate-severe functional limitation.

The patient initiated CR in our clinic, continuing an 
ambulatory CR program. One year later, the results 
of CPET proved signifi cant improvements of functio-
nal capacity, from moderate-severe alteration to mild-
moderate alteration (Table 3 – CPET parameters at 

Table 3. Case 3 – CPET parameters
Time after STEMI (month) 5 17
Workload (Watt) [% of predicted] 126 [63%] 117 [58%]
Peak VO2 (ml/minute) 1270 1585
Peak VO2 % of predicted 46 58
Ventilatory threshold (ml/kg/minute) 8.06 13.2
Maximum heart rate (bpm) [% of predicted] 105 [64%] 104 [63%]
Maximum O2 pulse % of predicted 76 100
∆VO2/∆WR (ml/minute * W) 6.97 6.54
VE/VCO2 slope 21.8 21.8
Maximum blood pressure (mmHg) 210/100 190/100
Target heart rate for CR program 90 95

Table 2. Case 2 – CPET parameters
Time after STEMI (month) 1 3 7 22
Workload (Watt) [% of predicted] 96 [45%] 105 [49%] 123 [51%] 140 [57%]
Peak VO2 (ml/minute) 1323 1384 1508 1470
Peak VO2 % of predicted 45 47 52 51
Ventilatory threshold (ml/kg/minute) 15.1 15.8 13.8 9.6
Maximum heart rate (bpm) [% of predicted] 113 [61%] 120 [65%] 142 [77%] 127 [69%]
Maximum O2 pulse [% of predicted] 74 74 70 73
∆VO2/∆WR (ml/minute * W) 11.9 11.89 7.26 7.26
VE/VCO2 slope 23.8 26.2 22.5 23.6
Maximum blood pressure (mmHg) 140/90 170/110 180/110 180/100
Target heart rate for CR program 85 105 105 80
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a more reduced baseline ejection fraction, represent 
predictors of a higher functional capacity improvement 
after exercise based CR, among myocardial infarction 
survivals, irrespective of the management modality for 
acute coronary event13,14.

CONCLUSIONS
CPET greatly enhance the evaluation of patients 
addressed to cardiovascular rehabilitation. This test 
is essential for optimizing the parameters of aerobic 
exercise training, in order to maximize benefi ts and 
to minimize the risk for CR program. Furthermore, 
CPET repeatedly done, during and after CR program, 
facilitates the objectifi cation of functional cardiovas-
cular benefi ts, within this program, and allows a long 
term prognostic assessment. Prognostic value of CPET 
may exceed the evaluation methods in resting condi-
tions, such as cardiac echography and ECG. However, 
the role of CPET in CR is not completely defi ned, new 
clinical studies being necessary.

Confl ict of interest: none declared.
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