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ABSTRACT
Objective In patients with pulmonary arterial
hypertension (PAH), supportive therapies may be
beneficial in addition to targeted medical treatment.
Here, we evaluated the effectiveness and safety of
oscillatory whole-body vibration (WBV) in patients on
stable PAH therapy.
Methods Twenty-two patients with PAH (mean
PAP≥25 mm Hg and pulmonary arterial wedge pressure
(PAWP)≤15 mm Hg) who were in world health
organization (WHO)-Functional Class II or III and on stable
PAH therapy for≥3 months, were randomised to receive
WBV (16 sessions of 1-hour duration within 4 weeks) or
to a control group, that subsequently received WBV.
Follow-up measures included the 6-min walking distance
(6MWD), cardiopulmonary exercise testing (CPET),
echocardiography, muscle-power, and health-related
quality of life (HRQoL; SF-36 and LPH questionnaires).
Results When compared to the control group, patients
receiving WBV exhibited a significant improvement in the
primary endpoint, the 6MWD (+35.4±10.9 vs −4.4
±7.6 m), resulting in a net benefit of 39.7±7.8 m
(p=0.004). WBV was also associated with substantial
improvements in CPET variables, muscle power, and
HRQoL. The combined analysis of all patients (n=22)
indicated significant net improvements versus baseline in
the 6MWD (+38.6 m), peakVO2 (+65.7 mL/min),
anaerobic threshold (+40.9 mL VO2/min), muscle power
(+4.4%), and HRQoL (SF-36 +9.7, LPH −11.5 points) (all
p<0.05). WBV was well tolerated in all patients, and no
procedure-related severe adverse events (SAEs) occurred.
Conclusions WBV substantially improves exercise
capacity, physical performance, and HRQoL in patients
with PAH who are on stable targeted therapy. This
methodology may be utilised in structured training
programmes, and may be feasible for continuous
long-term physical exercise in these patients.
Trial registration number NCT01763112; Results.

INTRODUCTION
Despite recent improvements, pulmonary arterial
hypertension (PAH) remains a devastating disease,
with most patients still harbouring markedly reduced
exercise tolerance and limited survival.1 2 Recent ran-
domised controlled trials (RCT) using morbidity/
mortality endpoints demonstrated that novel com-
pounds and combination therapies substantially
improve outcome, however significant clinical

endpoints occurred in approximately one third of
patients even under optimised conditions of combin-
ation therapy.3–5 Furthermore, many treated patients
remain in WHO functional class (WHO-FC) III and
exhibit reduced exercise capacity.
In addition to pulmonary vascular disease and

concomitant right ventricular dysfunction yielding
diminished tissue perfusion and oxygenation
during exercise, physical disability is further exacer-
bated by the lack of physical activity in affected
patients. This in turn may have negative impact on
hemodynamics and cardiac function, thus indicat-
ing the systemic character of PAH. Recent RCTs
demonstrated that supervised exercise training is
effective in improving exercise capacity, clinical
status, and health-related quality of life (HRQoL)
in addition to PAH therapies.6–8 These effects were
associated with improvements in hemodynamics,
right ventricle (RV) function, exercise endurance,
and survival.9–11 Nevertheless, the widespread
applicability of training programmes and reliable
continuation of exercise beyond the initial training
phase remain important challenges.
Oscillatory whole-body vibration (WBV) is a

novel exercise modality, which is performed on a
vibrating platform that moves in sinusoidal oscilla-
tions, and during which static and dynamic exer-
cises can be performed.12 Rapid movements of the
platform lead to muscle spindle reflexes, which
result in reflectory contraction of muscle groups
and thus promote gain of muscle strength and
power. The most efficient vibration rate enhancing
muscle function is ∼20 Hz, leading to constant
muscle contraction and anaerobic metabolism of
the affected muscle fibres. As a consequence, lactate
liberation serves as a stimulus for muscle gain.13

This methodology has been successfully utilised to
enhance moving velocity, muscle power and
strength in young athletes,14 and to improve phys-
ical performance, body balance and HRQoL in
elderly patients.15 16 Furthermore, its application
improved exercise capacity, lower limb perform-
ance, and HRQoL in patients with chronic diseases
such as cystic fibrosis, multiple sclerosis, and
chronic obstructive pulmonary disease.17–20

Here, we assessed the potential role of oscillatory
WBV as a feasible and easily accessible method of
continuous and potentially home-based physical
exercise in patients with PAH.
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METHODS
Study population and design
We prospectively investigated a series of 22 adult patients with
stable, symptomatic PAH (Nice group 1, diagnosed by right
heart catheterisation (RHC)), who were on stable targeted PAH
therapy for ≥3 months, were in WHO-FC II-III, and had a
6-min walking distance (6MWD) between 50 and 500 m at
screening. Patients were randomised 1:1 to the WBV or control
groups. After completion of the initial period, patients in the
control group subsequently received WBV in a second phase
(figure 1A). Safety follow-up was conducted for 8 weeks after
the last WBV. Exclusion criteria were participation in training

programmes within 3 months prior to screening, physical inabil-
ity to perform WBV, pregnancy, osteoporosis, acute thrombosis,
hip or knee implants, and recent fractures or injuries
(<6 months). The study was approved by the local Ethics
Committee, and all patients gave written informed consent.

Oscillatory whole-body vibration
WBV was performed on a side-alternating Galileo MedM plat-
form (Novotec Medical GmbH, Pforzheim, Germany), utilising
a vibration frequency of 20 Hz and a peak-to-peak displacement
of 20 mm, as previously described.21 WBV was performed
during 16 sessions of 1-hour duration within 4 weeks, and was
accompanied by a standardised exercise protocol, where patients
were instructed to perform specific exercises on the platform to
promote muscle coordination, using a pictorial. Patients were
instructed by an experienced physical therapist throughout the
procedure.

Right heart catheterisation
PAH was confirmed by RHC in all patients, defined by a mean
pulmonary artery pressure (PAP) of ≥25 mm Hg and a pulmon-
ary arterial wedge pressure (PAWP)≤15 mm Hg at rest.1 RHC
was carried out in a standardised fashion according to current
recommendations.22 23 Left heart or chronic lung disease were
routinely ruled out, and chronic thromboembolic pulmonary
hypertension (PH) was excluded in all patients.1 23

Echocardiography
Transthoracic echocardiography was performed using the Philips
iE 33 system (Philips GmbH, Hamburg, Germany). Assessments
of the right heart included right atrial area, right ventricular
end-diastolic diameter (RVEDD), tricuspid annular plane systolic
excursion (TAPSE), and tricuspid regurgitation velocity (TRV).
The systolic tricuspid pressure gradient (ΔPmaxTV) was calcu-
lated from TRV by the modified Bernoulli equation, and pul-
monary arterial systolic pressure (PASP) was estimated as the
sum of ΔPmaxTV and right atrial pressure. All measurements
were performed according to current guidelines.24

Six-min walking test
Submaximal exercise capacity was evaluated by the 6-min
walking test, which was performed in a standardised way
according to the guidelines of the American Thoracic Society.25

Cardiopulmonary exercise testing
CPETwas performed with semi-recumbent cycling on a stationary
cycle ergometer. Gas exchange was measured breath-by-breath,
using a Care Fusion Masterscreen/cardiopulmonary exercise test
(CPX) metabolic cart (CareFusion Inc., Switzerland) as previously
described.26 The anaerobic threshold (AT) was determined from
gas exchange by the V-slope method. Nadir minute volume (VE)/
VCO2 was defined as the lowest VE/VCO2 value reached during
the incremental exercise phase. Peak PETCO2 was defined as the
highest value reached during the incremental exercise phase.

Assessment of muscle strength and coordination
To assess kinetic parameters of muscle function and coordin-
ation, patients performed the single two leg jump (S2LJ) and
the chair rising test (CRT) before and after WBV. Functional
parameters were assessed by mechanography utilising the
Leonardo platform (Novotec Medical GmbH, Pforzheim,
Germany).27 Kinetic parameters were calculated in relation to
body weight.

Figure 1 Changes of the 6-min walking distance (6MWD). (A) Study
design and treatment groups. (B) Relative change of the 6MWD as
compared to baseline 1 in the ‘whole-body vibration (WBV) only’ and
‘Control-WBV’ groups (n=11 each) (p<0.05 vs control). (C) Absolute
values and change of the 6MWD at end of WBV versus baseline in the
entire cohort (n=22). Data represent mean values±standard error of the
mean (SEM) *p<0.01 vs control **p<0.001 vs baseline.
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S2LJ—The jump was performed as a counter-movement jump
using both feet with freely moving arms, and individuals were
instructed to jump as high as possible. The maximal force of the
ascending part of the jump was used for further calculations and
is defined as peak jump velocity (PJV), whereas the peak of the
calculated power (force×velocity) is expressed as peak jump
power (PJP).

CRT—A module to sit on was installed on the platform, and
individuals were instructed to perform five repetitions from the
sitting to standing position, without using their hands. The
maximal force to get up out of the sitting position was mea-
sured and used for further calculation.

Health-related quality of life
HRQoL was assessed by the SF-36 (100 point-scale) and Living
with Pulmonary Hypertension (LPH; 105 point-scale) question-
naires, respectively. For the SF-36, scores range from 0 to 100,
and lower scores indicate worse HRQoL. The LPH question-
naire is based on the Minnesota Living with Heart Failure
Questionnaire (MLHFQ), but was specifically adapted and eval-
uated for patients with PAH. Scores range from 0 to 105, and
higher scores indicate worse HRQoL.

Statistical analysis
Wilcoxon rank-sum test was performed to compare the mean
overall treatment effect of WBVon the 6MWD between groups.
To assess the change in HRQoL and NTproBNP serum levels, a
paired samples t-test was used. All data are presented as mean
values±standard deviation (SD) or standard error of the mean
(SEM), as indicated. A p value <0.05 was considered as statistic-
ally significant. Analyses were performed with SPSS V.10.0
(SPSS Inc., Chicago, Illinois, USA).

RESULTS
Patient characteristics
Demographics and disease characteristics at baseline are sum-
marised in tables 1 and 2. PAH was of idiopathic or hereditary

origin, or associated with connective tissue disease or corrected
congenital heart disease. All patients were in WHO-FC II or III,
and were on stable doses of targeted PAH therapy with endothe-
lin receptor antagonists (ERA), phosphodiesterase type-5
(PDE5) inhibitors, soluble guanylate-cyclase (sGC) stimulators,
tyrosine kinase inhibitors, or inhaled or parenteral prostanoids
for ≥12 weeks prior to the intervention.

Whole-body vibration improves exercise capacity and HRQoL
Patients were randomised 1:1 to receive WBV or to a control
group (figure 1A). When compared to the control group,
patients receiving WBV exhibited a significant net improvement
in the primary outcome measure, 6MWD, at the end of the
4 week period of +39.8 m (+35.4±10.6 m vs –4.4±7.6 m;
p=0.004) (figure 1B). All patients randomised to the control
group subsequently received WBV in a second phase. One
patient in the initial control group exhibited a substantial
decline of the 6MWD at baseline 2 due to acute back pain. In
this case, the value obtained at baseline 1 was carried forward.
In the initial control group, there was also a significant increase
of the 6MWD by 41.8±7.9 m at the end of WBV versus base-
line 2 (p<0.05) (figure 1B). The combined analysis of the
whole cohort (n=22) indicated that WBV was associated with a
significant improvement of the 6MWD versus baseline of +38.6
±6.6 m (p<0.001) (figure 1C).

WBV was also associated with an enhanced maximal exercise
tolerance as indicated by an increase of peakVO2 (1006.1±61.1
vs 940.4±54.1 mL/min at baseline; p<0.05; mean increase
65.7 mL/min) during CPET (figure 2A). Furthermore, WBV
improved the limit of permanently sustainable exercise as
assessed by the oxygen uptake at the anaerobic threshold (762.0
±35.4 vs 721.1±37.8 mLVO2/min at baseline, p<0.05; mean
increase 40.9 mLVO2/min) (figure 2B), indicating an improved
aerobic metabolism during exercise after WBV. In contrast, ven-
tilatory efficiency in terms of the nadir VE/VCO2 ratio and
peakPETCO2 during exercise did not show significant differences
after WBV as compared to baseline (see online supplementary

Table 1 Demographics, disease characteristics at baseline and aetiology of pulmonary arterial hypertension (PAH) in 22 patients undergoing
oscillatory whole-body vibration (WBV) in the ‘WBV only’ and ‘Control-WBV’ (initial control, subsequent WBV) groups

WBV only (n=11) Control-WBV (n=11) All (n=22) p Value (A vs B)

Patient demographics
Age, mean (range) 65.1±5.0 (27–83) 46.0±3.7 (27–65) 55.6±3.7 (27–83) 0.006
Mean age at diagnosis 62.0±5.6 43.4±4.0 52.7±3.9 0.009

Disease duration (years) 2.6±0.6 3.1±0.8 2.8±0.7 0.809
Female/male (n, %) 7(64)/4(36) 6(55)/5(45) 13(59)/9(41) 1.000
BMI (kg/cm2) 24.8±1.1 26.4±2.0 25.6±1.1 0.562

Disease characteristics
WHO-FC II (n, %) 6 (55) 7 (64) 13 (59) 1.000
WHO-FC III (n, %) 5 (45) 4 (36) 9 (41) 1.000
6MWD (m) 398.5±26.2 456.9±13.6 427.7±15.8 0.067
Borg score 3.5±0.5 3.3±0.5 3.4±0.3 0.264
FEV1 (% pred.) 84.8±3.5 81.2±5.5 83.0±3.2 0.811
FVC (% pred.) 89.9±3.4 86.5±4.2 88.2±2.7 0.699

Aetiology of PAH
Idiopathic PAH (n, %) 7 (64) 7 (64) 14 (64) 1.000
PAH associated with:

CTD (n,%) 4 (36) 2 (18) 6 (27) 1.000
Other (n,%) – 2 (18) 2 (9) 1.000

Values represent numbers of patients (n, %) or mean values±SD.
BMI, body mass index; CTD: Connective tissue disease; FVC, functional vital capacity; 6MWD, 6-min walking distance; SD, standard deviation; WHO-FC, WHO functional class.
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figure 1), indicating that WBV did not alter the structural
changes in the pulmonary circulation, that lead to impaired ven-
tilation/perfusion matching during exercise.

HRQoL was assessed by utilising the SF-36 and LPH ques-
tionnaires, respectively. During phase 1, there was a significant
increase of the total SF-36 score, as well as the physical and
mental scores, after 4 weeks in the WBV group, when compared
to the control group (table 3). In the combined analysis of all
patients (n=22), there was also a significant increase of the total
SF-36 score from 54.7±3.3 at baseline to 66.7±3.6 at the con-
clusive follow-up visit at 4 weeks, translating into a mean
increase of 9.7±2.5 points (p=0.001) (table 3). Furthermore,
the physical dimension score (49.8±2.3 to 59.0±3.5) and emo-
tional dimension score (56.0±4.2 to 68.3±3.7) showed signifi-
cant improvements, respectively.

The LPH questionnaire led to similar results: After 4 weeks
of WBV, the total LPH score decreased from 26.2±6.1 to 17.6
±6.0 points (versus 41.2±6.1 to 40.1±4.9 in the control
group), and this was due to improvements of both physical and
emotional status (see online supplementary table 1). Likewise,
the pooled analysis of all 22 patients revealed significant
decreases of the total LPH score (33.7±3.7 to 22.3±3.6), phys-
ical dimension score (16.7±1.4 to 11.7±1.0), and emotional
dimension score (7.3±1.6 to 4.3±1.2) after WBV versus base-
line (see online supplementary table 1).

Impact of WBV on kinetic parameters of muscle strength
and function
When kinetic parameters of muscle strength and coordination
were assessed with the S2LJ and the CRT, WBV led to

improvements of muscle power and force, as well as contraction
velocity. Patients receiving WBV showed an increase in the PJP
of 4.4±1.6% after 4 weeks versus baseline. This finding indi-
cates an improvement of motoric performance, which is due to
both a decline in the force needed to perform the test by 2.7
±1.2% after WBV, and an increase of the contraction velocity
by 3.3±1.4%. In the CRT, attention was given to changes in
velocity. This was captured by measuring the average time per
test. Compared to baseline the overall time needed to perform
this test after WBV was 0.6 s faster (not shown).

Echocardiographic parameters and NTproBNP levels
There were no changes in echocardiographic parameters
between groups including right atrium (RA) area, RVEDD,
ΔPmaxTV, and TAPSE during the observation period of 4 weeks
(table 4). Likewise, no significant changes in NTproBNP levels
were observed (882.2±275.8 ng/L at end of WBV vs 996.0
±318.1 ng/L at baseline, n.s.).

Safety and tolerability
WBV was well tolerated in all patients, and no procedure-related
serious adverse events occurred. Also, no adverse events (AEs)
occurred during the WBV procedure itself. AEs occurring
during the 4-week WBV period included sore muscles and in
one case back pain (table 5). Another case of acute back pain
was recorded in the control phase of the initial control group.
No additional AEs were recorded during the safety assessment
up to 8 weeks after WBV.

DISCUSSION
In this pilot study, WBV improved exercise capacity, HRQoL,
and muscle strength/coordination in patients with PAH. WBV
was well tolerated and not associated with significant AEs. Our
data thus provide proof-of-concept for the efficacy and safety of
WBV in patients with PAH who are on stable targeted therapy.

To our knowledge, our study was the first to investigate WBV
in patients with PAH. The fact that WBV improves exercise tol-
erance and capacity in PAH patients is consistent with previous
reports on the effects of training and rehabilitation programmes
in such patients, which have demonstrated meaningful improve-
ments of exercise capacity and endurance, clinical status,
HRQoL, hemodynamics, RV function, and survival.6–11

Consequently, supervised exercise training is recommended as
supportive therapy for PAH patients in current guidelines.1

Thus, our results are in line with the concept that physical exer-
cise is an effective adjunct to medical therapy in PAH. From a
practical point of view, however, the feasibility of long-term
exercise is critical for its long-term benefit. In this regard, WBV
may represent a valuable tool to provide sustainable exercise
modalities.

An important consideration is whether the magnitude of the
observed improvements obtained by WBV is of clinical rele-
vance. As reported herein, a 4-week period of WBV was asso-
ciated with a significant augmentation of exercise capacity, as
assessed by the 6MWD and CPET. This was accompanied by a
substantial improvement of HRQoL. A recent study using distri-
butional and anchor-based methods indicated that the estimated
minimal clinically important difference in the 6MWD for PAH
patients is 33 m.28 Herein, the net improvement of the 6MWD
by WBV was 39.8 m. This treatment effect even exceeded the
6MWD improvement of novel targeted PAH therapies that were
observed in recent clinical trials.3 5 29 Likewise, the improve-
ments in HRQoL also exceeded the effects captured in the trials
investigating novel medical treatments. Thus, the improvements

Table 2 Pulmonary hemodynamics at baseline and targeted
pulmonary arterial hypertension (PAH) therapy in twenty-two
patients with PAH undergoing oscillatory whole-body vibration
(WBV) in the “WBV only” and “Control-WBV” (initial control,
subsequent WBV) groups

WBV only
(n=11)

Control-WBV
(n=11)

All
(n=22)

Hemodynamics
PAP systolic (mm Hg) 58.5±8.4 64.5±5.5 61.5±4.9
PAP diastolic (mm Hg) 20.7±2.6 25.6±3.1 23.2±2.1
PAP mean (mm Hg) 35.5±4.2 41.9±3.6 38.7±2.8
PAWP (mm Hg) 11.1±1.1 9.3±1.1 10.2±0.8
TPG (mm Hg) 24.7±4.6 33.2±3.3 28.9±2.9
DPG (mm Hg) 9.6±3.0 16.4±2.8 13.0±2.1
Cardiac output (L/min) 4.3±0.2 4.6±0.3 4.5±0.2
Cardiac index (L/min/m2) 2.4±0.1 2.5±0.1 2.4±0.1
PVR (WU) 5.8±0.9 7.6±1.1 6.7±0.7

Targeted PAH therapy
PDE5i monotherapy (n,%) 6 (55) 1 (9) 7 (32)
ERA+PDE5i (n, %) 2 (18) 5 (46) 7 (32)
ERA+sGC-S (n,%) 1 (9) 2 (18) 3 (14)
ERA+PDE5i+PCA (n,%) 1 (9) 2 (18) 3 (14)
PDE5i+TKI (n, %) 0 1 (9) 1 (4)
ERA+PDE5i+TKI (n, %) 1 (9) 0 1 (4)

Values represent numbers of patients (n, %) or mean values±SEM.
DPG, diastolic pressure gradient (=PAPdiast – PAWP); ERA, Endothelin receptor
antagonist; PAP, Pulmonary artery pressure; PAWP, Pulmonary arterial wedge
pressure; PCA, Prostanoid; PDE5i, Phosphodiesterase type 5 inhibitor; PVR,
Pulmonary vascular resistance (=TPG/CO); SEM, standard error of the mean;
sGC-S, soluble guanylate cyclase stimulator; TKI, Tyrosine kinase inhibitor; TPG,
transpulmonary pressure gradient (=PAPmean—PAWP).
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of the 6MWD, CPET parameters and HRQoL in the present
study should indeed be judged as clinically meaningful.

Overall, the studied sample represents a group of patients with
well controlled PAH, who mostly received combination therapy
for PAH and were in stable condition. Nevertheless, such patients
frequently display reduced physical activity, which in turn acceler-
ates the burden on the cardiopulmonary system. It is quite
remarkable that substantial improvements of nearly all measured
variables were achieved within 4 weeks of WBV. This is consistent
with findings in healthy males, in whom the heart rate response
to WBV and the increase in blood lactate levels showed a rapid
decline within a few days of WBV.30 Furthermore, our results are
consistent with the effects of WBV in individuals with other con-
ditions.15–20 Moreover, a recent RCT demonstrated that the com-
plimentary use of WBV improved the rehabilitation results in
patients after lung transplantation.31

From our study, it is not entirely clear how WBV improves exer-
cise capacity in PAH. The interpretation of CPET parameters may
give insight on the underlying pathophysiology. According to the
Fick equation, oxygen uptake is determined by the product of CO
and the oxygen content difference between arterial and mixed
venous blood (Ca–vO2). While an increase in CO indicates hemo-
dynamic improvement, an increase in Ca–vO2 indicates exhausted
peripheral O2-extraction. With this study-design, an allocation to
one specific mechanism of improvement is impossible. However, a
significant increase in peakVO2 indicates that the product of a
higher CO and an improved peripheral O2-extraction at a given
work rate are accountable for the improvements. Our findings are
consistent with the previous observation that a structured rehabili-
tation programme improves maximal and submaximal exercise
capacity, however without significant changes in ventilatory effi-
ciency and pulmonary hemodynamics.6

Figure 2 Key exercise gas exchange parameters obtained by cardiopulmonary exercise testing. Left and middle column: Display of all cases before
and after ‘Whole-Body Vibration’ (WBV) in the ‘WBV only’ and ‘Control-WBV’ groups (each n=11). Box plots show the whole cohort (n=22) at
baseline and at end of WBV. (A) Peak VO2. (B) Anaerobic threshold (AT). VO2, Oxygen uptake; AT, Anaerobic threshold.

Table 3 Impact of whole-body vibration (WBV) on health-related quality of life (HRQoL)

BL 1 BL 2 EOT p Value (BL 1 vs EOT) p Value (BL 2 vs EOT)

WBV only
Total score 56.8±4.8 – 64.2±6.4 0.061
Physical dimension score 50.7±3.3 – 56.1±6.2 0.326
Emotional dimension score 59.8±6.5 – 67.4±6.6 0.016

Control-WBV
Total score 52.5±4.8 57.4±3.8 69.2±3.3 0.008

Physical dimension score 48.8±3.3 53.4±3.5 61.8±3.6 0.057
Emotional dimension score 52.3±5.4 55.6±4.3 69.3±3.5 0.001

BL EOT p Value (BL vs EOT)

All
Total score 54.7±3.3 – 66.7±3.6 0.001
Physical dimension score 49.8±2.3 – 59.0±3.5 0.014
Emotional dimension score 56.0±4.2 – 68.3±3.7 <0.0001

SF-36 (100 point scale). Shown are the total SF-36 score, physical dimension score, and mental dimension score at baseline (BL) and end of treatment (EOT) in the ‘WBV only’ and
‘Control-WBV’ groups (n=11 each), and in the whole cohort (n=22) after 4 weeks of WBV versus BL.
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A further insight may be derived from the analysis of periph-
eral muscle function. Both the S2LJ and CRT revealed that
WBV improved muscle contraction velocity, thereby reducing
the force that is necessary to achieve a certain power level. The
higher velocity allows more secure movement and improved
neuromuscular coordination, which is critical for motoric per-
formance.32 Additionally, the combination of exercise and
respiratory training was shown to improve respiratory muscle
function.33 In the long run, these effects are expected to ease
the burden of chronic diseases on the cardiopulmonary system.
In that sense, WBV may represent a training tool with an opti-
mised balance between training stimulus for the muscle and the
corresponding load on the heart and circulatory system. Since
PAH patients often display substantial deconditioning due to cir-
culatory impairment and sedentarism, this exercise modality is
likely able to achieve targeted restoration of muscle function.

Limitations
Our study should be considered a controlled pilot study in a
limited number of patients, yet it is the first examining the
potential value of WBV in PAH. Although we performed a ran-
domised controlled study, the intervention and control groups
were not entirely matched with respect to age, disease severity,
functional capacity, and hemodynamic impairment. While this is
likely due to the small sample size, it should be acknowledged
that the treatment effect was not only observed between groups

in phase 1, but also within both groups alone, when the mea-
sures after 4 weeks of WBV were compared to baseline.
Consequently, the combined analysis of the entire cohort
showed remarkable improvements in exercise capacity and
HRQoL. A potential confounder is the lack of blinding, which
is however not feasible in such a study.

Further limitations are the limited time period during which
WBV was performed, and the limited observation time. We do
not know whether a ceiling effect was reached after 4 weeks, or
whether maintenance of WBV for longer periods of time may
have led to even more pronounced improvement of the outcome
measures. Furthermore, it remains unclear how long the benefi-
cial effects of WBV may last once WBV is stopped, or whether
repetitive periods of WBV would be sufficient to maintain a
therapeutic effect. While the current information is limited, our
data seem sufficient to support continued investigation of WBV
in larger scale studies which are currently under way.

CONCLUSIONS
This randomised, controlled pilot intervention study shows that
WBV is well tolerated in stable PAH patients and provides sig-
nificant benefit on exercise capacity, physical performance and
HRQoL, when provided in addition to targeted PAH therapies.
These benefits warrant further controlled studies to assess the
value of WBV as supplementary therapy for an extended popu-
lation of PAH patients. Potentially, WBV may be included in
structured training and rehabilitation concepts, and may be
further utilised for continuous long-term, home-based physical
exercise in these patients.

Key messages

What is already known on this subject?
Despite recent improvements, pulmonary arterial hypertension
(PAH) remains a serious and progressive condition that is
associated with high morbidity and mortality. Supportive
therapies including exercise training programmes may be
beneficial in addition to targeted medical treatment.

What might this study add?
This randomised, controlled, open-label pilot study shows that
oscillatory whole-body vibration (WBV), performed on a resting
physical exercise platform, is a safe and effective treatment in
PAH patients who are on stable targeted medical therapy. WBV
substantially improved exercise capacity as assessed by the
6-min walking distance and cardiopulmonary exercise testing,
and furthermore improved peripheral muscle function and
health-related quality of life within 4 weeks.

How might this impact on clinical practice?
These data suggest that WBV is a promising adjunct to medical
therapy in PAH. Potentially, WBV may be included in structured
training and rehabilitation concepts, and may be further utilised for
continuous long-term, home-based physical exercise in these patients.
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Table 5 Adverse events that occurred in the entire study period in
the ‘whole-body vibration (WBV) only’ and ‘Control-WBV’ (initial
control, subsequent WBV) groups (n=11 each), as well as in the
entire cohort (n=22)

WBV only (n=11) Control-WBV (n=11) All (n=22)

Adverse events
Sore muscles (n, %) 3 (27) 5 (46) 8 (36)
Back pain (n, %) 1 (9) 0 1 (9)
Dizziness (n, %) 0 0 0
Syncope (n, %) 0 0 0

Table 4 Echocardiographic parameters at baseline and at the end
of the whole-body vibration (WBV) period in the ‘WBV only’ and
‘Control-WBV’ (initial control, subsequent WBV) groups

WBV only
(n=11)

Control-WBV
(n=11) All (n=22)

RA area, cm2

Baseline 20.8±1.4 21.4±3.7 21.1±1.9
EOS 22.9±1.7 22.1±3.8 22.5±1.9

RVEDD, mm
Baseline 39.2±1.7 42.2±2.2 40.7±1.3
EOS 35.6±1.9 41.6±2.6 40.1±1.5

ΔPmaxTV, mmHg
Baseline 50.7±4.9 50.2±3.9 50.5±3.7
EOS 44.1±4.5 51.2±4.1 47.6±3.9

TAPSE, mm
Baseline 18.0±0.9 19.9±1.5 19.0±0.9
EOS 18.8±0.6 19.8±0.8 19.3±0.6

All values represent means±SEM.
EOS, end of study; RA area, Right atrial area; RVEDD, Right ventricular end-diastolic
diameter; SEM, standard error of the mean; TAPSE, Tricuspid annular plane systolic
excursion; ΔPmaxTV, Systolic trans-tricuspid valve pressure gradient.
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