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Physiotherapy in critically ill patients
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Abstract Prolonged stay in Intensive Care Unit (ICU) can cause muscle weakness, physical
deconditioning, recurrent symptoms, mood alterations and poor quality of life.

Physiotherapy is probably the only treatment likely to increase in the short- and long-term
care of the patients admitted to these units. Recovery of physical and respiratory functions,
coming off mechanical ventilation, prevention of the effects of bed-rest and improvement in
the health status are the clinical objectives of a physiotherapy program in medical and surgical
areas. To manage these patients, integrated programs dealing with both whole-body physical
therapy and pulmonary care are needed.

There is still limited scientific evidence to support such a comprehensive approach to all
critically ill patients; therefore we need randomised studies with solid clinical short- and long-
term outcome measures.
© 2011 Sociedade Portuguesa de Pneumologia. Published by Elsevier España, S.L. All rights
reserved.
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Fisioterapia em pacientes gravemente doentes

Resumo Uma estadia prolongada na Unidade de Cuidados Intensivos (UCI) pode causar
fraqueza muscular, descondicionamento físico, sintomas recorrentes, alterações de humor e
má qualidade de vida.
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A fisioterapia é, provavelmente, o único tratamento com potencial para aumentar nos cuida-
dos a curto e longo prazo aos pacientes internados nestas unidades. A recuperação das funções
físicas e respiratórias, retirar a ventilação mecânica, prevenção de efeitos do repouso na cama

e melhoria do estado de saúde são objectivos clínicos de um programa de fisioterapia nas áreas
médicas e cirúrgicas. Para tratar estes pacientes, são necessários programas integrados que
englobem tanto a fisioterapia global como os cuidados respiratórios necessários.
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A evidência científica para apoiar esta abordagem abrangente para todos os doentes críticos é
ainda limitada; portanto, são necessários estudos aleatorizados com medidas de resultados a
curto e longo prazo.
© 2011 Sociedade Portuguesa de Pneumologia. Publicado por Elsevier España, S.L. Todos os
direitos reservados.
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Advances in the management of critically ill patients
dmitted to intensive (ICU) or respiratory intermediate
ntensive care units (RIICU) have improved hospital mortality
nd morbidity, leading to a growing population of patients
ith partial or complete dependence on mechanical venti-

ation and other ICU therapies.1---3

linical consequences of prolonged
echanical ventilation

rolonged Hospital stay and difficulty with or lack of
esponse to therapies can often cause severe complications
uch as muscle weakness, physical deconditioning, recur-
ent symptoms, mood alterations and poor quality of
ife.4,5 Patients needing prolonged mechanical ventila-
ion, may suffer from ‘‘chronic critical illness’’ involving
yopathy related weakness, neuropathy, loss of lean body
ass, increased adiposity, and anasarca.4---6 This syndrome
ay contribute to low target organ hormone levels and

mpaired anabolism,5,7 increased prevalence of difficult-to-
radicate infections,8 coma or protracted or permanent
elirium,9 skin wounds, edema, incontinence, and pro-
onged immobility.10,11The role and workload of physical
herapists in an ICU is different in different European
ountries,12 but common to all is a growing need for
hysiotherapy programs in the short- and long-term care
f patients admitted to ICUs or RIICU.13---16 The recovery
f physical and respiratory functions, discontinuation of
echanical ventilation, prevention of the effects of bed-rest

nd improvement in health status are proven clinical results

f a physiotherapy program in these medical and surgical
reas.17---20

The aims of any physical therapy program in critically
ll patients is to apply advanced cost-effective therapeutic

Table 1 Physiotherapy techniques in the ICU.

Mobilisation
Postures
Passive limb exercise
Active limb exercise
Continuous rotational therapy

Muscle training
Respiratory muscle training
Peripheral muscle training
Neuromuscular electrical stimulation

Airway Secretions Management
Manual hyperinflation
Percussion and vibrations
In-exsufflation
Intrapulmonary percussive ventilation

P
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i
m
m
i
s
t
s
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i

P
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a
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ools to decrease complications and the patient’s ventilator-
ependency and in this way decrease risks of complications
ssociated with bed-rest, to improve residual function, to
revent the need for new hospitalisations and to improve
he health status and quality of life. Physical therapy as
part of the overall care of patients undergoing cardiac,

pper abdominal, and thoracic surgery, may prevent and
reat respiratory complications such as secretion reten-
ion, atelectasis, and pneumonia by means of different
echniques. Early physical therapy may prevent difficult
eaning, limited mobility and ventilator dependency21,22

Table 1).

reatment of muscle weakness and related
omplications

obilisation

rolonged immobility is a main cause of muscle weakness
n patients admitted to ICU, conversely early physiother-
py has an important role in the recovery of these patients.
arly physical activity is feasible and is a safe interven-
ion following the initial cardio-respiratory and neurological
tabilisation.23,24 Early mobilisation and muscle training can
mprove functional outcomes, cognitive and respiratory con-
itions in these critically ill patients,24 reducing the risks of
enous stasis and deep vein thrombosis.25 Postures, passive
r active limb movements and Continuous Rotational Ther-
py (CRT) are considered the principal strategies to mobilise
atients.

ostures

rone position has been shown to result in short-term gain
n oxygenation, in improvement of ventilation and perfusion
ismatch and of the residual lung capacity.26---29 Improve-
ents in lung function and atelectasis have been also shown

n patients with unilateral disease when positioned on their
ide, lying with the affected lung uppermost.30,31 Despite
heir physiological rationale,17 these easy techniques are
till not widely used and it is still unclear whether the
eported physiological improvements can be associated with
mprovements of stronger clinical outcomes like mortality.

assive and active limb exercise
assive, active assisted, or active resisted limb movements
re aimed at maintaining the range of motion of the joints,
t improving soft-tissue length and muscle strength, and
ecreasing the risk of thromboembolism.32
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Fig. 1 Early bed cycling in ICU.

Quadriceps force and functional status was the same
in patients undergoing the addition of early mobilisa-
tion to standard physiotherapy compared to standard
physiotherapy alone. However, the total distance they
walked, the isometric quadriceps force and the perceived
functional well-being were significantly better with early
mobilisation.33 A gradual mobility protocol for both upper
and lower limbs resulted in feasibility, safety and decreased
hospital length of stay in acute patients requiring mechan-
ical ventilation.34 Supported arm training in addition to
normal physiotherapy35 gave similar positive results in
patients recently weaned from mechanical ventilation in a
RIICU (Fig. 1).

Continuous rotational therapy

This refers to specialised beds used to turn patients con-
tinuously along the longitudinal axis up to an angle of 60◦

onto each side, with preset degree and speed of rotation.
This treatment can prevent sequential airways closure, and
pulmonary atelectasis, reduce the incidence rate of lower
respiratory tract infection and pneumonia, the duration of
endotracheal intubation and the length of hospital stay.36---40

Muscle training

It is well known that muscle mass and its ability to per-
form aerobic exercise invariably declines with inactivity.41 In
critically complex patients, skeletal muscle training aims to
strengthen, thus potentially increasing the patient’s ability
to perform Activities of Daily Life (ADL). In these patients,
a tailored training program seems to be very effective in
speeding weaning, in improving hospital survival, and in
reducing risks associated to hospital-stay.42

Respiratory muscle training

Respiratory muscle weakness, imbalance between muscle

strength and the load of the respiratory system and car-
diovascular impairment are major determinants of weaning
failure in ventilated patients. In ICU patients these factors
and the excessive use of controlled mechanical ventilation,

m
c
a
(
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ay lead to rapid diaphragmatic atrophy and dysfunction.43

evertheless, the rationale for respiratory muscle training
n ICU is still controversial. Indeed, the diaphragm of COPD
atients is as valid as that of a healthy person in generating
ressure at comparable lung volumes,44 showing an adaptive
hange toward the slow-to-fast characteristics (resistance
o fatigue) of the muscle fibres due to increased operational
ung volume.45

There has been a debate in recent literature about the
otential role of Inspiratory Muscle Training as a component
f pulmonary rehabilitation in severely disabled COPD and
n neuromuscular patients,46,47 which is aimed at improving
heir strength and reducing the load perception of the respi-
atory system. Studies on ICU ventilatory-dependent COPD
atients have also shown that respiratory muscles training
ay be associated with a favourable weaning outcome.48,49

eripheral muscle training

rolonged inactivity is more likely to cause skeletal mus-
le dysfunction and atrophy in antigravity muscles, with
educed capacity to perform aerobic exercise.41,50 In
everely disabled patients peripheral muscle training (both
assive and active training lifting weights or pushing against

resistance with the limbs), produces specific gain of
trength and recovery of ADL, although the evidence of
ffects after an episode of acute respiratory failure is not
pecified.51 We have found that selective arm training added
o the benefits (exercise tolerance and perception of dysp-
oea) of standard physiotherapy.35

euromuscular electrical stimulation

euromuscular electrical stimulation (NMES) can induce
hanges in muscle function without any form of ventilatory
tress in severely ill patients who are unable to perform
ny activity.52 However, no clinical studies have yet clearly
emonstrated the additional effect of NMES on exercise tol-
rance when compared with conventional training. NMES
an be easily used in the ICU, applied to lower limb muscles
f patients lying in bed. Patients with COPD53,54 or with con-
estive heart failure55 are more likely to benefit. NMES has
een also considered as a means of preventing ICU polyneu-
omyopathy, a frequent complication in the critically ill
atients.56

irway secretions

ncrease of bronchial secretions (either due to muco-ciliary
ysfunction or to muscular weakness) may affect respira-
ory flow and increase the risk of nosocomial pneumonia.8

hest physiotherapy should prevent such complications by
mproving ventilation and gas exchange, and by reduc-
ng airway resistance and the work of breathing.15 Several

anually assisted techniques (manual hyperinflation, per-

ussions/vibrations) and mechanical devices (in-exsufflator)
re often applied to facilitate removal of excess of mucus
Table 1).
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anual hyperinflation

his respiratory technique is aimed at preventing pulmonary
ollapse (or re-expanding collapsed alveoli), improving
xygenation and lung compliance, and facilitating the move-
ent of secretions toward the central airways.57 Manual

yperinflation does not have a standard practice; the possi-
le physiological side effects of delivered air volume, flow
ates and airway pressure must be carefully considered,
specially in patients under mechanical ventilation.58---60

ncrease in air volume with this technique can be obtained
oth manually or with assisted mechanical ventilation,
ach producing similar benefits in clearing excessive
ucus.61,62

ercussion and vibrations

anual percussion and vibrations (clapping a selected area
nd then compressing the chest during the expiratory phase)
re commonly used to increase airway clearance and are
ften associated with postural drainage. Currently, in crit-
cal ventilated patients with a normal cough competence,
ncrease of mucus clearance is achieved without a significant
hange of blood gases and lung compliance.15,63,64

n-exsufflation

he mechanical in-exsufflator promotes removal of exces-
ive mucus by inflating the airways with a large air
olume that rapidly is exsufflated by a negative pressure,
hus simulating the physiological mechanism of cough.65---67

he safety and the clinical advantage (avoidance of tra-
heostomy and/or endotracheal intubation) of this device
hen compared with conventional chest physiotherapy

n hospitalised neuromuscular patients with recent upper
espiratory tract infection has been shown.68,69 The use-
ulness of these techniques in allowing for extubation in
atients judged as needing tracheostomy has been recently
utlined.70

ntrapulmonary percussive ventilation

ntrapulmonary Percussive Ventilation creates a percussive
ffect in the airways thus facilitating mucus clearance
hrough direct high-frequency oscillatory ventilation which
s able to help the alveolar recruitment.71 This effect has
een successfully shown during both acute and chronic
hases in patients with respiratory distress,72 neuromuscu-
ar disease,73 and pulmonary atelectasis with or without
onsolidation.74 In hospitalised COPD patients with respi-
atory acidosis, this technique has been shown to prevent
he deterioration of the acute episode, thus avoiding
ndo-tracheal intubation.75 In tracheostomised patients

ecently weaned from mechanical ventilation the addi-
ion of Intrapulmonary Percussive Ventilation to standard
hest physiotherapy was associated with an improve-
ent of oxygenation and expiratory muscle performance

hus leading to a substantial reduction in the risk of
neumonia.76
N. Ambrosino et al.

onclusion

ue to the increasing number of ICU admissions and the
lobal risk of complications and mortality over the following
ears,3,77 comprehensive programs including physiother-
py should be implemented to speed-up the patients’
unctional recovery and to prevent the complications of
rolonged immobilisation especially in ventilator-dependent
r difficult- to wean patients.18,78 To manage the multiple
nd complex problems of these patients, integrated pro-
rams dealing with both whole-body physical therapy and
ulmonary care are needed.13,14

There is still limited scientific evidence to support such a
omprehensive approach to all critically ill patients; there-
ore we need randomised studies with solid clinical short-
nd long-term outcome measures.
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70. Bach JR, Gonçalves MR, Hamdani I, Winck JC. Extubation of
patients with neuromuscular weakness: a new management
paradigm. Chest. 2010;137:1033---9.

71. Salim A, Martin M. High frequency percussive ventilation. Crit
Care Med. 2005;33:S241---5.

72. Velmahos GC, Chan LS, Tatevossian R, Cornwell 3rd EE,
Dougherty WR, Escudero J, et al. High-frequency percussive
ventilation improves oxygenation in patients with ARDS. Chest.
1999;116:440---6.

73. Crescimanno G, Marrone O. High frequency chest wall
oscillation plus mechanical in-exsufflation in Duchenne mus-
cular dystrophy with respiratory complications related to
pandemic Influenza A/H1N1. Rev Port Pneumol. 2010;16:
912---6.

74. Tsuruta R, Kasaoka S, Okabayashi K, Maekawa T. Efficacy and
safety of intrapulmonary percussive ventilation superimposed
on conventional ventilation in obese patients with compression
atelectasis. J Crit Care. 2006;2:328---32.

75. Vargas F, Boyer A, Bui HN, Guenard H, Gruson D, Hilbert G.
Effect of intrapulmonary percussive ventilation on expira-
tory flow limitation in chronic obstructive pulmonary disease
patients. J Crit Care. 2009;24:212---9.

76. Clini EM, Antoni FD, Vitacca M, Crisafulli E, Paneroni M,
Chezzi-Silva S, et al. Intrapulmonary percussive ventilation
in tracheostomized patients: a randomized controlled trial.
Intensive Care Med. 2006;32:1994---2001.

77. Stoller JK, Xu M, Mascha E, Rice R. Long term outcomes for
patient discharged from a long term hospital-based weaning
unit. Chest. 2003;124:1892---9.
78. Martin UJ, Hincapie L, Nimchuk M, Gaughan J, Criner GJ.
Impact of whole-body rehabilitation in patients receiv-
ing chronic mechanical ventilation. Crit Care Med.
2005;33:2259---65.


