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Résumé 

Contexte & objectif. L’efficacité de la réadaptation 

cardiaque (RC) en ambulatoire chez les patients 
insuffisants cardiaques (IC) à fraction d’éjection 

(FEVG) réduite reste peu documentée. L’objectif de la 

présente étude était de comparer les bénéfices de la 
RC chez deux groupes de patients : en hospitalisation 
complète versus en hôpital du jour. Méthodes. C’était 

une série descriptive rétrospective des cas d’IC 

(FEVG ≤ 40% ayant réalisé toute la phase 2 du 

programme de RC), entre janvier 2021 et décembre 
2022, dans le Centre Hospitalier Sud Francilien, 
France. Résultats. Au total, 46 dossiers médicaux des 
patients (sexe masculin, âge moyen 64,1 ± 12,7 ans) 
ont été colligés. L’étiologie de l’IC était une 

coronaropathie chez 17 (41%) et une cardiomyopathie 
dilatée chez 29 (59%). La réadaptation a été effectuée 
en hospitalisation et en ambulatoire, respectivement 
chez 20 et 26 patients. A la fin de la phase 2 de la RC, 
une augmentation significative des paramètres 
fonctionnels suivants, a été observée : SV1 : + 5,3 
ml/kg/min (15,9 ± 5,3 ml/kg/min à la fin contre 10,6 ± 
3,1 ml/kg/min au début ; p = 0,03) ; charge maximale 
: + 19,4 W (111,8 ± 33,1 W à la fin contre 92,4 ± 30,8 
W au début ; p = 0,004) ; TM6 : + 57,2 m (505,9 ± 
95.6 m contre 448,7 ±109,5 m ; p = 0,008), ainsi 
qu’une hausse non significative du pic de VO2. De 

plus, une hausse significative de la FEVG (+7% ; p = 
0,0007) et une baisse significative de la fréquence 
cardiaque (-5 bpm ; p = 0,0458) ont été constatées. 
Cependant, aucune différence statistiquement 
significative entre la modification des paramètres des 
patients selon les deux modes de RC précités. Un 
traitement médical optimal en fin de RC était associé à 
une plus grande baisse de NTproBNP : -1527,5 ± 
2742,3 pg/ml contre -39,6 ± 1193,2 pg/ml ; p = 
0,0025. Conclusion. Le mode de RC en hospitalisation 
versus en ambulatoire n’influe pas sur les bénéfices de 

la RC. 
Mots-clés : réadaptation cardiaque, hospitalisation, 
consultation externe, France 

Summary 

Context and objective. The effectiveness of 
outpatient cardiac rehabilitation (CR) in patients 
with heart failure (HF) and reduced ejection 
fraction (LVEF) remains poorly documented. 
The objective of this study was to compare the 
benefits of CR in two groups of patients: those 
hospitalized full-time versus those in day 
hospital. Methods. This was a retrospective 
descriptive series of HF cases (LVEF ≤ 40% who 

completed phase 2 of the CR program) between 
January 2021 and December 2022 at the Centre 
Hospitalier Sud Francilien, France. Results. A 
total of 46 patient medical records (male, mean 
age 64.1 ± 12.7 years) were collected. The 
etiology of HF was coronary artery disease in 17 
(41%) and dilated cardiomyopathy in 29 (59%). 
Rehabilitation was carried out on an inpatient and 
outpatient basis in 20 and 26 patients, 
respectively. At the end of phase 2 of CR, a 
significant increase in the following functional 
parameters was observed: SV1: +5.3 ml/kg/min 
(15.9 ± 5.3 ml/kg/min at the end vs. 10.6 ± 3.1 
ml/kg/min at the start; p = 0.03); maximum load: 
+19.4 W (111.8 ± 33.1 W at the end vs. 92.4 ± 
30.8 W at the start; p = 0.004); TM6: +57.2 m 
(505.9 ± 95.6 m vs. 448.7 ± 109.5 m; p = 0.008), 
as well as a non-significant increase in peak 
VO2. In addition, a significant increase in LVEF 
(+7%; p = 0.0007) and a significant decrease in 
heart rate (-5 bpm; p = 0.0458) were observed. 
However, there was no statistically significant 
difference between the changes in patient 
parameters according to the two aforementioned 
CR modes. Optimal medical treatment at the end 
of CR was associated with a greater 
decrease in NTproBNP: -1527.5 ± 2742.3 pg/mL 
versus -39.6 ± 1193.2 pg/mL; p =0.0025. 
Conclusion. The mode of CR in hospitalization 
versus outpatient care does not influence the 
benefits of CR. 
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Introduction 

Heart failure (HF) is a significant public health 
issue, owing its widespread prevalence, high 
morbidity and mortality rates, and the financial 
burden of its management. It Affecting over 64 
million people globally, it impacts approximately 
1–3% of the adult population in industrialized 
countries (1). In France alone, an estimated 1.1 to 
2 million people are affected by HF (2). In 
Europe,  chronic HF has an overall 1-year 
mortality rate of 6.4% (3).  However, in specific 
populations, the 1-year mortality rate may reach 
15–30%, increasing to as much as 75% at 5 years 
(4). For those who survive, the readmission 
within the first year post-diagnosis is 50% (5) . In 
2012, the cost of managing HF in the United 
States amounted to $30.7 billion, with estimates 
projecting a rise to $69.8 billion by 2030 (6-7).  
Cardiac rehabilitation (CR) has proven to be safe 
and effective means of enhancing patients' 
functional status while also reducing mortality 
and hospitalization rates associated with HF (8) 
(9) . It is highly recommended for patients with 
HF (10-11) . The program primarily includes 
exercise retraining, therapeutic optimization and 
patient education. Classically, CR is conducted 
either as a full hospitalization or a day hospital 
program. Full hospitalization is typically reserved 
for unstable patients admitted immediately after 
the acute phase, without returning home between 
the acute event and the start of CR. Conversely, 
day hospital programs cater to clinically stable 
patients. Recently, the COVID-19 pandemic, has 
catalyzed the growth of telerehabilitation, 
showing promising results in terms of safety and 
efficacy (12). 
The INCARD study conducted at the hospital 
center in the southern Paris region (Corbeil-

Essonnes, France), and published in 2015, 
involved 63 patients. It demonstrated that phase 2 
of CR significantly enhanced all functional 
parameters in patients with HF, regardless of 
whether the etiology was  coronary or non-
coronary (13) . 
This study aims is to compare the benefits of CR 
based on whether it was conducted in full 
hospitalization or on an outpatient basis in a day 
hospital setting. 
Methods 
Study design period  

This was a descriptive, retrospective series cases 
conducted over a 24-month period, from January 
2021 to December 2022. It was carried out in the 
Post-Acute Care and CR department at the Centre 
Hospitalier Sud Francilien (CHSF) in Corbeil-
Essonnes, France. 
Inclusion criteria 

We included patients aged 18 and over who were 
admitted for CR specifically indicated for HF 
with a left ventricular ejection fraction (LVEF) of 
40% or less. 
Exclusion criteria 

We excluded patients who had contraindications 
to physical exercise, incomplete medical records, 
experienced an interruption in their rehabilitation 
program, or did not undergo CR strictly as a full-
time inpatient or within a day hospital setting. 
Exercise reconditioning program 

All participants engaged in a uniform exercise 
reconditioning program, which included two 
components: endurance training and muscle 
strengthening. The regimen was tailored using a 
cardiorespiratory exercise test conducted on a 
cycle ergometer. Initially, a baseline exercise test 
was administered before the commencement of 
phase 2 of CR, helping to assess the patients’ 
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functional capacities.  of patients to be 
determined. Participants were instructed to 
perform physical activities at 60–80% of their 
initial VO₂ peak. The endurance. training 
involved cycling and treadmill walking, with 
cycling performed in split sessions: alternating 90 
seconds of high load with 180 seconds of low 
load. Muscle strengthening comprised gentle 
resistance exercises, targeting limb segments 
with low-intensity movements repeated 10 to 15 
times per exercise type. Each patient completed a 
total of 30 sessions, distributed over 5 half-days 
per week for 6 weeks. Each half-day session 
included 90 minutes of activity: 45 minutes of 
cycling or treadmill exercise, 20 minutes of 
muscle strengthening, and 25 minutes of gentle 
gymnastics and relaxation. At the end of the 30 
sessions, a final cardiorespiratory exercise test 
was conducted and compared to the initial test to 

evaluate progress. 
Data collection 

Data were gathered using individual survey 
forms derived from the patients' electronic 
medical records. We collected a range of 
information, including patients' age, sex, body 
mass index (BMI), cardiovascular risk factors 
(CVRF); and HF etiology.  
We also collected the following parameters 
before the start and at the end of phase 2 of CR: 

-  Clinical and paraclinical parameters: 
These included heart rate, systolic blood 
pressure (SBP), N-terminal prohormone 
of brain natriuretic peptide (NT-proBNP) 
levels, and left ventricular ejection 
fraction (LVEF). 

- Functional Parameters: We measured the 
distance covered in the six-minute walk 
test (6MWT) and assessed maximum 
load, the first ventilatory threshold 
(SV1), and peak oxygen consumption 
(VO2 peak) from the cardiorespiratory 
exercise test conducted on a cycle 
ergometer. 

- Medication Evaluation: We evaluated 
whether the HF treatment was optimal or 

suboptimal. This was determined by the 
combination and dosage of medications 
such as beta-blockers, antialdosterone 
agents, glucose-sodium cotransporter 2 
inhibitors, and either angiotensin-
converting enzyme inhibitors or 
sacubitril/valsartan, administered at the 
optimal or maximum tolerated dose. 

Data analysis 

We utilize Epi Info software version 7.2.2.6 for 
our data analysis. Quantitative variables were 
presented as means ± standard deviations and 
were compared using the Student t-test or the 
Mann Whitney U test. Qualitative variables were 
expressed as numbers followed by percentages 
and were analyzed using the Fisher exact test or 
the chi-square test. Statistical significance was 
defined as a p-value less than 0.05, and odds 
ratios were reported with their 95% confidence 
intervals. 
Ethical considerations 

To ensure data confidentiality, survey forms were 
anonymized. We secured approval from both the 
scientific committee and the ethics committee of 
the South Paris region hospital center, aligning 
with ethical standards. 
Results 

From a total of 121 patients, we included 46 in 
the study and excluded 75. Among those 
excluded, 18 had a contraindication for physical 
exercise, 27 had incomplete data, and 20 
discontinued their CR program. 
Characteristics of patients 

The study comprised 38 (82.6%) men and 8 
(17.4%) women, resulting in a sex ratio of 4.8. 
The average age was 64.1 years, with men 
averaging 61.5 years and women 59.8 years), 
although this difference was not statistically 
significant (p-value = 0.08). Smoking was the 
most prevalent cardiovascular risk factor, 
affecting 51.2% of the patients. The average BMI 
was 26 ± 4.5 kg/m², with 12 patients (26.7%) 
classified as obese (Table 1). 
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                                 Table 1. Distribution of cardiovascular risk factors 

Characteristics N (%) 

Chronic renal failure 3 (6.5) 

High blood pressure 18 (39.1) 

Diabetes 9 (19.6) 

Obesity 12 (26.7) 

Smoking 24 (52.2) 

Dyslipidemia 8 (17.4) 

Coronary heredity 3 (6.5) 

 
The etiology of HF was coronary artery disease 
in 17 (41%) patients and dilated cardiomyopathy 
in 29 (59%) patients. 
Evolution of patient parameters after phase 2 of 

cardiac rehabilitation 
A total of 20 patients (13.2%) completed their 
rehabilitation in full hospitalization setting and 
26 (86.8%) underwent the program in a day 
hospital setting. At the beginning, 11 patients 
(23.9%) were on optimal medical treatment, 
which increased to 21 (45.7%) at the end. 
By the end of phase 2 of CR, we observed 
significant improvements in several functional 
parameters: 

Peak VO 2 increased by 0.7 ml/kg/min (from 15.2 
± 4.5 ml/kg/min at the start to 15.9 ± 5.3 
ml/kg/min; p-value = 0.0497) ; SV1 rose by 5.3 
ml/kg/min (from 10.6 ± 3.1 ml/kg/min to 14.9 ± 
4.3 ml/kg/min; p = 0.0396); maximum load 
improved by 19.4 W (from 92.4 ± 30.8 W to 
111.8 ± 33.1 W; p = 0.0045); 6MWT distance 
increased by 57.2 meters (from 448.7 ±109.5 m 
to 505.9 ± 95.6 m ; p = 0.0085). Additionally, 
LVEF increased significantly while HR showed a 
corresponding decrease (Table 2). 

 
Table 2. Clinical, biological, and functional patient parameters inpatient vs. cardiac rehabilitation 

 Characteristics Before rehabilitation After rehabilitation P 

HR (bpm) 73 ± 12 68 ± 10 0.0458* 

SBP (mmHg) 110 ± 17 108 ± 18 0.5234 

NT-proBNP (pg/ml) 2749 ± 4685 1882 ± 2883 0.3487 

LVEF (%) 27 ± 7 34 ± 10 0.0007* 

Peak VO2 ( ml/kg/min) 15.2 ± 4.5 15.9 ± 5.3 0.0497* 

VT1 (ml/kg/min) 10.6 ± 3.1 14.9 ± 4.3 0.0396* 

Work load (watts) 92.4 ± 30.8 111.8 ± 33.1 0.0045* 

6MWT (meter) 448.7 ± 109.5 505.9 ± 95.6 0.0085* 

 
HR: heart rate in beats per minute; SBP: systolic 
blood pressure in millimeters of mercury; NT-
proBNP: N-terminal prohormone of brain 
natriuretic peptide in picograms per liter; LVEF: 
left ventricular ejection fraction; VO2 peak: peak 
muscle oxygen consumption; SV1: first 
ventilatory threshold in milliliters per kilogram 

per minute; 6MWT: 6-minute walk test; *: p < 
0.05. 
Interestingly, whether patients underwent 
inpatient or day hospital rehabilitation did not 
significantly affect their initial and final 
parameters (Table 3).  
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Table 3. Changes in patient parameters based on inpatient vs. outpatient cardiac rehabilitation 

 
CR:cardiac rehabilitation; HR: heart rate in beats 
per minute; SBP: systolic blood pressure in 
millimeters of mercury; NT-proBNP: N-terminal 
prohormone of brain natriuretic peptide in 
picograms per liter; LVEF: left ventricular 
ejection fraction; VO2 peak: peak muscle oxygen 
consumption; SV1: 1st ventilatory threshold in 

milliliters per kilogram per minute; 6MWT: 6-
minute walk test; *: p < 0.05. 
However, patients who received optimal medical 
treatment at the end of CR showed a more 
substantial reduction in NT-proBNP levels: a 
decrease of -1527.5 ± 2742.3 pg/ml compared to 
-39.6 ± 1193.2 pg/ml; p = 0.0025 (Table 4). 

 
Table 4. Changes in parameters based on the optimally of heart failure medication at the end of cardiac 

rehabilitation 

Characteristics Optimal medical treatment 
Optimal non-medical 
treatment P 

Decrease in HR (bpm) - 5.8 ± 2.4 -3.3 ± 3.1 0.5433 
Decrease in PAS (bpm) -3.5 ± 1.6 -1.8 ± 1.5 0.7697 
Decrease in NT-proBNP 
(pg/ml) -1527.5 ± 742.3 - 39.6 ± 193.2 0.0025* 
Increase in LVEF (%) +8 ± 6.4 +5.8 ± 4.4 0.9270 

Peak VO2 Increase 
(ml/kg/min) +1.7 ± 2.5 +0.8 ± 1.4 0.7279 
Increase in SV1 
(ml/kg/min) +2.7 ± 3.5 +5.7 ± 3.5 0.8142 
Maximum load increase 
(W) +18.8 ± 15.8 +13.3 ± 10 0.7330 
Increase in 6MWT (m) +50.2 ± 12.1 +60.1 ± 20.2 0.5225 

 
HR: heart rate in beats per minute; SBP: systolic 
blood pressure in millimeters of mercury; NT-
proBNP: N-terminal prohormone of brain 
natriuretic peptide in picograms per liter; LVEF: 
left ventricular ejection fraction; VO2 peak: peak 
muscle oxygen consumption; SV1: first 
ventilatory threshold in milliliters per kilogram 
per minute; 6MWT: 6-minute walk test; *: p < 
0.05. 
Discussion 

Our study confirmed the benefits of CR on 
functional parameters in HF patients with LVEF 
of 40% or less. 

This was evident regardless of whether patients 
underwent CR through full hospitalization or in a 
day hospital setting. In addition to these its 
functional improvements, CR was associated 
with LV reverse remodeling, as shown by an 
increase improvement in LVEF at the end of the 
program. Patients also experienced a significant 
reduction in HR and an enhancement titration of 
HF medications. At the end of the rehabilitation, 
approximately 50% of the patients had achieved 
optimal medical management, compared to only 
almost a quarter at the beginning. NT-proBNP 
levels were significantly lower in patients whose 
HF was optimal. 

CR 
Inpatient cardiac   
rehabilitation 

Outpatient cardiac 
rehabilitation P 

Decrease in HR (bpm) -3.9 ± 1.4 -4.6 ± 3.5 0.0831 

Decrease in SBP (bpm) -1.2 ± 17.6 -2.8 ± 21.0 0.5563 

Decrease in NT-proBNP (pg/ml) -930.5 ± 2973.4 -794.4 ± 1248.2 0.5366 

Increase in LVEF (%) +7.6 ± 0.5 +5.9 ± 0.4 0.1019 

Peak VO2 Increase (ml/kg/min) +0.8 ± 0.4 +0.7 ± 0.5 0.8842 

Increase in VT1 (ml/kg/min) +4.7 ± 2.5 +6.7 ± 4.6 0.8463 

Maximum load increase (W) +15.3 ± 9.4 +25.9 ± 10.3 0.6820 

Increase in 6MWT (m) +75.2 ± 56.8 +46.6 ± 81.2 0.4042 
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Studies comparing outpatient and inpatient CR 
formats are scarce. However, the limited data 
available align with our findings, indicating no 
significant differences in clinical, biological or 
functional parameters (14,15) . One might 
assume that outpatient patients, often more stable 
at the onset of CR, would exhibit better physical 
performances. Yet, our study, supported by 
existing data, does not endorse this assumption. 
Regardless of whether patients completed CR as 
inpatient or in a day hospital, they followed the 
same physical activity regimen. In Europe, the 
CR format varies by country. Some countries 
offer phase 2 of CR exclusively on an outpatient 
basis; while in others provide inpatient options 
for high-risk patients. Elsewhere, the choice is 
shaped by both the patient's health condition and 
personal preferences (16) . Instead of the mode of 
CR (inpatient, outpatient), It seems that the 
timing of CR initiation post-cardiac 
decompensation, rather than the setting (inpatient 
or outpatient), correlates with better outcomes 
(17,18). Therefore, the choice between full 
hospitalization and day hospital should not be a 
measure of CR program effectiveness. The 
decision should consider the patient's condition, 
their preferences, and the organizational structure 
of each service, as practiced in France and 
particularly in our current protocols (16).  
While exercise training in our patients improved 
all functional parameters, it’s important to 

highlight the modest increase in peak VO2, which 
was 0.7 ml/kg/min with boderline significance 
(p-value = 0.0497). Our exercise regimen 
involved interval training of low to moderate 
intensity. However, evidence suggests that high-
intensity interval training might yield greater 
improvements in exercise tolerance and in peak 
VO2 .(19–23) That said,  it's crucial to consider 
that our study's small sample size might have 
limited the statistical power of our findings. 
On a broader scale, the benefits of CR on the 
functional capacities of HF patients have been 
well-documented over the years.  Numerous 
randomized controlled trials and meta-analyses 
have demonstrated the efficacy of exercise 
training in HF by enhancing exercise capacity, 
VO2 peak , maximum load, and 6MWT. (24–28) 
These improvements collectively enhance health-
related quality of life. 
The mechanisms underlying these benefits are 
manifold. Exercise training enhances central and 
peripheral hemodynamics, peripheral vascular 
and endothelial function, and muscle physiology. 

It exerts neurohormonal effects by 
downregulating the renin–angiotensin and 
sympathetic nervous systems and upregulating 
vagal activity (29–32) . 
While we observed an increase in LVEF among 
our patients at the end of CR, it’s important to 

mention that the effects of CR on LV reverse 
remodeling remain debated. Improvements in 
LVEF have been documented in small studies 
and meta-analyses (20,33) , but no randomized 
controlled trial has definitely confirmed this 
(24,34) . Moreover, since many patients enhance 
their physical capacities without a corresponding 
increase in LVEF, it is not recommended to set 
LVEF improvement as a primary goal of CR (10-
11) . 
Even if exercise training is the cornerstone of 
CR, its effectiveness is amplified when combined 
with a comprehensive program. This should 
include patient education on lifestyle and dietary 
habits, understanding their condition and 
treatment, managing complications, addressing 
cardiovascular risk factors, and providing 
psychological support. (35)  CR is also a 
privileged period for titrating HF medications. In 
our study, the number of patients with optimal 
medical treatment nearly doubled by the end of 
CR, and this optimization was linked to lower 
NT-proBNP levels, a positive prognostic 
indicator (36–38) . However, while these results 
are encouraging, it’s clear that medication 

titration is still insufficient. By the end of CR, 
fewer than half (49.7%) of our patients were on 
optimal medical treatment. Rapid titration of HF 
drugs should be a primary objective during CR, 
on par with physical exercise. Rapid titration is 
associated with an improvement in symptoms, 
quality of life, but also a reduction in the number 
of cardiac decompensations and all-cause 
mortality at 180 days (39) . 
Limitations 
The primary limitations of our study include its 
retrospective and single-center design, along with 
small sample size of our sample. These factors 
may have reduced the power and significance of 
our statistical analyses. 
Conclusion 

In this study at CHSF, we observed that CR 
improved HF patients' functional abilities such as 
SV1, maximum load, and the 6MWT, even 
though peak VO2 improvements weren't 
significant. CR also facilitated the titration of HF 
medications.  While these outcomes are 
promising, they must be improved. Incorporating 
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high-intensity interval training could further 
boost aerobic capacity and peak VO2, as it has 
been shown to be safe and more effective than 
continuous moderate exercise for stable HF 
patients. Additionally, it is crucial to prioritize 
the titration of HF medications to ensure that all 
patients achieve optimal medical treatment or 
reach the maximum tolerated dose by the end of 
their rehabilitation program. 
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