Reserch letter

The beneficial effect of early multimodal hospital
rehabilitation on exercise tolerance and overall
performance in patients with left ventricular assist

devices

Edyta Smolis-Bak'™, Laura Zatucka', llona Kowalik!, Jadwiga Wolszakiewicz? Rafat Dabrowski?

!National Institute of Cardiology, Warsaw, Poland
2Prince Sultan Cardiac Centre, Riyadh, Saudi Arabia

Submitted: 7 July 2025; Accepted: 14 August 2025
Online publication: 22 August 2025

Arch Med Sci
DOI: https://doi.org/10.5114/aoms/209546
Copyright © 2025 Termedia & Banach

Left ventricular assist device (LVAD) therapy as a treatment option
for heart failure (HF) has significantly improved patients’ overall perfor-
mance and prognosis, requiring re-evaluation of postoperative care pro-
tocols, particularly in the field of cardiac rehabilitation [1]. In patients
with advanced HF, the use of LVAD significantly improves survival, func-
tional capacity and quality of life [2]. Rehabilitation of LVAD patients is
more complex. Under physiological conditions, cardiac output (CO) de-
pends on the heart rate (HR). Stroke volume (SV) is generated by the
left ventricle. The presence of LVAD ensures CO production and unloads
the failing left ventricle. Pump flow depends on the activity of the pump
motor, its rotational speed and the characteristics of the LVAD itself, as
well as the preload and afterload of the heart [3]. Additionally, the con-
tractility of the native heart also contributes to the generation of cardiac
output, especially during exercise [4, 5]. The HR does not influence LVAD
flow rate [6]. The role of early hospital rehabilitation in shaping exer-
cise tolerance and functional capacity among LVAD recipients has been
studied [7]. The rehabilitation should be implemented relatively quickly
if the clinical and hemodynamic condition of the patient and the proper
functioning of the LVAD pump allow this [7, 8]. However, there are no
guidelines regarding the optimal time and methods of rehabilitation in
this group of patients. The aim of the study was to evaluate the impact
of comprehensive hospital rehabilitation on exercise tolerance, muscle
strength and team coordination in patients after LVAD implantation.

Methods. Eligible patients were enrolled in the study between Feb-
ruary 2019 and December 2021 after giving informed consent. They
were discharged from the cardiac surgery department and referred to
the rehabilitation ward for a 4-5 weeks’ stay. Training took place 6 times
a week and lasted for 60 min. The rehabilitation program consisted of:
endurance training, general fitness exercises (dynamic, stretching, co-
ordination, balance) with elements of resistance exercises. Interval en-
durance training on cycle ergometer loads was determined according to
cardiopulmonary exercise test (CPET) results. ECG and saturation were
monitored. The rehabilitation department had contact with the attend-
ing physician and the emergency department. The training was inter-
rupted if the patient experienced excessive fatigue, shortness of breath,
chest pains, arrhythmia, headaches, as well as if the device alarm sig-
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Table 1. Demographic and clinical characteristics

Parameter Value
Age, median, 25%-75% percentile 58.7 (50-63)
Patients; males, n (%) 39; 37 (94.9)
Mean body mass [kg] 779 +14.7
Coronary artery disease, n (%) 26 (66.7)
Myocardial infarction, n (%)

None 21 (53.8)

NSTEMI 12 (30.8)

STEMI 6 (15.4)
Percutaneous coronary intervention, 17 (43.6)
n (%)
Coronary artery bypass grafting, n (%) 8 (20.5)
Arterial hypertension, n (%) 14 (35.9)
Stroke, n (%)

1 6 (15.4)

2 5(12.8)
Diabetes, n (%)

1 2 (5.1)

2 16 (41.0)
Cardiomyopathy, n (%)

None 14 (35.9)

Dilated 21 (53.8)

Ischemic 4 (10.3)

Hypertrophic 0 (0)
Atrial fibrillation, n (%) 25 (64.1)
Ventricular arrhythmia, n (%) 33 (84.6)
Ventricular tachycardia, n (%)

1 30 (76.9)

>1 1(2.6)
Pacing, n (%)

None 3(7.7)

ICD 22 (56.4)

CRT 14 (35.9)
Heart failure, NYHA class, n (%)

2 1(2.6)

3 23 (60.5)

4 14 (36.8)
EF [%], median, 251-75% percentile 15 [10-20]

ICD - implantable cardioverter defibrillator, CRT - cardiac
resynchronization therapy, NYHA — New York Heart Association, EF
— left ventricular ejection fraction.

nals and sudden changes in pump parameters
occurred. Before the start of rehabilitation (study
1) and after its completion (study 2), all patients
underwent: 1) cardiopulmonary exercise testing
(CPET, peak VO,, peak VO,%, VE/VCO, clope’ load,
Borg scale evaluation); 2) 6-minute walking test
(6-MWT); 3) testing of the grip strength of the
right and left hands (kilograms); 4) lower limb

muscle strength test — sit to stand test within
30 s; 5) the test assessing complex coordination
and the risk of falling (Up&Go test) and 6) Fall Skip
test used to assess the risk of falls. Patients’ risk
of falls was determined based on the results ob-
tained for each component. All patients had regu-
lar psychological support. The study was support-
ed by the State Committee for Scientific Research
grant (STRATEGMED2/266798/15/NCBIR/2015).
Bioethical Committee approval was issued on
April 2, 2019 (IK-NPIA-0021-55/1784/2019).
Statistical analysis. Numerical variables were
expressed as mean and standard deviation (SD)
or median and 25" — 75™ percentiles [Q1-Q3], as
appropriate, and categorical variables were ex-
pressed as counts and percentages. The normality
of distribution was verified using the Shapiro-Wilk
test. For normally distributed continuous variables
for changes over time, the paired Student’s t-test
was used. For data violating a normal distribution,
the Wilcoxon’s signed-rank test (for changes over
time) was used. The strength of linear relationships
between the studied variables was assessed with
the Pearson or Spearman correlation coefficient, as
appropriate. In all analyses, the tests were two-sid-
ed and the level of significance was set at 0.05.
Statistical analyses were performed using SAS ver.
9.4 software (SAS Institute Inc,, NC, Durham, USA).
Results. The study comprised 39 patients (37
males, 2 females) aged 58.7, median, (50-63), af-
ter LVAD implantation. Demographic and clinical
characteristics are presented in Table I. A signif-
icant increase in the loads used during endur-
ance training was observed in study 2 vs. 1: 45.6
+16.1 vs. 26.1 +8.8 watts, p < 0.001. Significant
functional improvement occurred in study 2 vs. 1:
30-second chair stand test: 11.7 (4.2) vs. 9.0 (3.5)
number of stands, p < 0.001; Up&Go test: 7.6
(6.6, 8.9) vs. 9.1 (7.6, 10.5) s, p < 0.001; left hand
grip strength test: 32.1 (8.1) vs. 30.3 (8.2) kg, p =
0.006; right hand grip strength test: 33.5 (8.8) kg
vs.31.9 (8.7), p = 0.008. The parameters of the Fall
Skip test did not change, except for the deflection
of the center of gravity during walking, which im-
proved significantly (Table II). An improvement in
physical performance was observed after comple-
tion of rehabilitation: peakVO,: 13.6 (3.2) vs. 11.9
(3.1) ml/kg/min, p < 0.001, and 6-MWT: 420 (107)
vs. 323 (105) m, p < 0.001 (Table I1). No significant
relationships were found between the number of
training sessions, resting and exercise heart rate
and parameters tested in functional and exercise
tests. Only the improvement in the exercise test
measured in watts influenced the results of the
walking tests and the improvement in peakVO,
Discussion. The main finding of our study is
that multimodal, hospital cardiac rehabilitation
is safe and has significant benefits in improving
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Table II. Results obtained in functional, 6-minute walking tests and ergo-spirometry tests before (study 1) and after

rehabilitation (study 2) in the study group

Parameter 1 2 Delta 2-1 P-value
Right hand grip strength [kg] 31.9 8.7 33.5 +8.8 1.6 +3.3 0.008
Left hand grip strength [kg] 30.3 8.2 32.1 +8.1 1.8 +3.4 0.006
Test Up&Go [s] 9.1[7.6; 10.5] 7.6 [6.6; 8.9] -1.3[-2.5;-0.2] < 0.001
30 Second Chair Stand (no of stands) 9.0 3.5 11.7 +4.2 2.7 £2.3 < 0.001
Fall skip results
Balance 85.8 £10.4 87.4 +8.4 1.6 £10.4 0.471
Reaction 92 [84; 97] 93 [85; 99] 1[-7; 5] 0.973
Gait 100 [76; 100] 100 [100; 100] 0 [0; 16] 0.031
Sit and stand 78.1 £17.7 86.3 £13.8 8.2 £21.0 0.156
Time [min] 12.3 £3.9 11.0 £2.3 -1.3 3.7 0.208
6-MWT, CPET tests results
6-MWT 323 105 420 £107 97 +80 < 0.001
Peak VO, 119 £3.1 13.6 £3.2 1.8 £1.6 < 0.001
Peak VO, % 39.3+10.3 452 +11.7 5.9 6.1 < 0.001
VENVCO, . 37.6 46.4 35.3£10.3 -2.3$11.9 0.336
WATT 42.9 £13.2 44.7 £11.8 1.7 £14.9 0.537

6-MWT — 6-minute walking test, CPET — cardiopulmonary exercise test, peak VO, — peak oxygen uptake, VE/VCO2 slope — minute

ventilation-carbon dioxide production relationship.

exercise tolerance, muscle strength, and complex
coordination in patients after LVAD implantation.
There were no adverse events related to the func-
tion of the implanted LVAD or the rehabilitation
process. We suggest early initiation of rehabili-
tation. Immediately after discharge from the car-
diac surgery department, interval training on an
ergometer and general fitness exercises with ele-
ments of resistance training may begin. We used
standard measures such as HR, 6-MWT and CPET
for monitoring the progress of endurance training.
After the training period, significant differences
were observed in the loads (measured in watts),
but not in the level of perceived fatigue mea-
sured by the Borg scale [9]. The lack of changes
in training HR is attributed to chronotropic incom-
petence and does not have a significant impact
on the flows in the LVAD [10]. After completing
the program, there was a significant improvement
in physical endurance, confirmed by the results of
the CPET and 6-MWT. Previous studies have doc-
umented increases in distances in 6-MWT after
training [11, 12]. Peak VO, levels observed both
before and after the intervention appear to be
lower compared to data reported in other studies,
in which the median peak VO, level at baseline
was 13 ml/kg/min and increased to 17 ml/kg/min
after the rehabilitation cycle within 3—6 months of
follow-up [13]. Our results confirm data presented
in the previous studies [14, 15]. Potential explana-
tion for the decreased oxygen consumption noted
in the present study may be the relatively short pe-
riod between LVAD implantation and further eval-

uation. Another factor may be the specific type of
LVAD used (third-generation CF) as in the previous
studies older generation LVADs were used in pa-
tients. In our study, we utilized the 25 HeartMate 3
(HM3) and 14 HeartWare (HW) LVADs, with an
average time from implantation to evaluation of
42.6 days prior to rehabilitation [14, 15]. An im-
portant aspect in patients with HF and LVAD is
the improvement of muscle strength, because pa-
tients with long-term HF often suffer from weak-
ening of muscle function as a result of progressive
malnutrition [1, 2, 7]. However, to design effective
strength training regimens, a comprehensive eval-
uation of muscle strength in this patient group
is necessary. We have also observed significant
improvement in functional capacity and changes
between the initial and final parameters in the
tests assessing comprehensive coordination and
the risk of falls, which indicates the safety of the
cardiac rehabilitation program. To our knowledge,
there have been no data assessing lower limb
muscle strength in the sit-to-stand test and the
get-up-and-go test in patients with LVADs so far.
These tests provide additional data for the physi-
cal evaluation of LVAD patients. A comprehensive
approach to the rehabilitation process in LVAD
patients, including continuous psychological sup-
port, is important. In conclusion, early multimodal
hospital cardiac rehabilitation results in signifi-
cant benefits in exercise tolerance, muscle energy,
complex coordination and overall performance in
patients after LVAD implantation. The procedures
used were safe and effective.
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