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Effects of motor physical therapy in critically ill

patients: literature review

Efeitos da fisioterapia motora em pacientes criticos: revisio de

literatura

ABSTRACT

The development of critical patient-
related generalized weakness is a com-
mon complication in patients admitted
to an intensive care unit. The reduced
muscle strength increases the time for
weaning, hospitalization, the risk of
infections and consequent mortality.
Physiotherapy is used in these patients
as a resource for the prevention of mus-
cle weakness, atrophy and functional
capacity recovery. The aim of this study
was to review the literature regarding
the use of exercise alone in intensive
care units staying patients. Literature
searches were performed using the elec-
tronic databases Medline, LILACS,
CINAHL, Cochrane, High Wire Press

and SciELO, from January 1998 to
July 2009 and book chapters, using
keywords including “critical illness”,
“cinesiotherapy”, “physical therapy”,
“physiotherapy”, “exercises”, “training”,
“force”, “active mobilization”, “mobili-
zation”, “ICU”, “rehabilitation”, “mo-
bility”, “muscle strength” and “weak-
ness”. Despite the lack of studies and
methodological diversity of studies
found, confirming the use of exercise
alone as a therapeutic resource, its use,
including early seems an alternative to
prevent and reverse muscle weakness
intensive care unit ICU-acquired.

Keywords: Cinesiotherapy; Physi-
cal therapy modalities; Muscle weak-
ness/rehabilitation

INTRODUCTION

Therapeutic exercise is considered central for most physiotherapy
schedules aimed to improve physical function and reduce disabilities.
They include a wide range of activities aimed to prevent complications
such as shortenings, muscle weaknesses and bone/joint deformities, re-
ducing health care resources use during hospitalization or following a
surgery. These exercises improve or preserve healthy subjects’ physical
function or health status, and prevent or minimize their future impair-
ments, functional loss or disability.”

The development of critical patient-related generalized weakness is a
major complication common to may patients admitted to an intensive
care unit (ICU).® Its incidence is between 30% and 60% of the ICU
patients.®”’ Additionally to their previous conditions, several factors may
contribute to weakness such as: systemic inflammation, use of drugs
such as corticoids, sedatives and neuromuscular blockers, uncontrolled
blood glucose, malnutrition, hyperosmolarity, parenteral nutrition, me-
chanic ventilation duration, and prolonged immobility.“®
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Immobilization affects the musculoskeletal, gas-
trointestinal, urinary, cardiovascular, respiratory and
skin systems.” Disuse, such as during rest, inactiv-
ity or limbs or body immobilization and nervous
losses in diseases or injuries promote muscle mass,
strength and endurance decline. With total immobi-
lization, muscle mass may be reduced by one half in
less than two weeks, and when associated with sepsis,
decline daily up to 1.5 kg.”® Experimental trials in
healthy subjects showed weekly up to 4% - 5% mus-
cle strength loss.” In cases with destroyed nerve to
muscle connection, muscle atrophy is even faster.”)
The connection between hypoglycemia and weakness
may be related to its toxic effects, which is counter-
acted by the neuro-protective and anti-inflammatory
insulin effects.!?

All these factors associated contribute for pro-
longing the ICU stay, result in increased risks of
complication, mortality and costs.*''""> Emotional
disorders such as anxiety and depression increase the
hospital stay, physical deficits, and may affect the
function and consequently the one to seven years af-
ter the event patient’s quality of life, entailing social
impairment.(31416)

Early intervention is required to prevent both
physical and psychological issues. Therapeutic activ-
ity should be started early to prevent prolonged hos-
pitalization and associated immobilization risks,"”
and may be one of the keys for patient’s recovery.

The critically ill ICU patient bears severe motor
restrictions. The appropriate positioning in bed and
early mobilization may mean unique opportunities
for the subject’s interaction with the environment,
and should be considered as sensorial-motor stimu-
lation sources, and prevention of complications sec-
ondary to immobilization.!"1417

There are few studies approaching the role of ki-
nesiotherapy role in critically ill patients, initially
seen as “too ill” or “too clinically unstable” for mo-
bilization interventions."® Nevertheless, therapeutic
exertion show benefits, specially when started early,
although approaches diversity."> Postponing start of
exercises only worsens the patient’s disability."®

After discharge from the ICU, the patients have
disabilities lasting for up to one year, being unable to
go back work due to persistent fatigue, weakness and
poor functional status.""” Rehabilitation has a poten-
tial to restore functional status, but sometimes is only
started after discharge from the unit, that is, too late.
4D Early ICU kinesiotherapy has been shown to be
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safe and feasible, and can be either passive or active,
according to the patient’s interaction, hemodynamic
stability, ventilatory support level, inspired oxygen
fraction (FiO,) and response to therapy.!»1520:20

Physical training in an ICU is a logical rehabili-
tation extension, and has been shown a key critical
care component.’? Exercises offer well-established
physical and psychological benefits, and additionally
reduce the oxidative stress and inflammation, due to
increased anti-inflammatory cytokines production.®
Previous studies have shown that in most times, after
discharge from the hospital, patients with reduced
body function will need a training schedule.®?

This study aims to review the publications on ki-
nesiotherapy and its effects in ICU staying patients,
analyzing the methodologies and their results in ICU
immobilized subjects.

METHODS

The literature research was performed in the elec-
tronic databases MedLine, LILACS, CINAHL, Co-
chrane, High Wire Press and SciELO, for the period
between January 1998 and July 2009.

The key works used, in different combinations,

<« . . . » (] . » <« .
were: “critical illness”, “cinesiotherapy”, “physi-
cal therapy”, “physiotherapy”, “exercises”, “train-
. » « » <« . K . » « 1.
ing”, “force”, “active mobilization”, “mobiliza-

tion”, “ICU”, “rehabilitation”, “mobility”, “muscle
strength” and “weakness”.

The search was limited to English, Spanish and
Portuguese languages, with studies in 19 years or
older adult humans, and published in the last 10
years. Academic publications abstracts were not in-
cluded.

The titles and abstracts were analyzed to identify
articles potentially relevant for the review.

RESULTS

Ten studies considered relevant for the review
were identified. These are chronologically shown in
Chart 1.

Martin et al.*? evaluated in a retrospective analy-
sis the weakness prevalence and magnitude in pro-
longed mechanic ventilation patients, and the im-
pact of a rehabilitation schedule on the variables
weaning, muscle strength and functional status. This
schedule included trunk control, passive, active, ac-
tive-resisted, with thera-band and weight exercises,
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Chart 1- Studies summary
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Author/Year Type of study  Sample Intervention Main analyzed variables  Relevant results
Nava Prospective, Exacerbated Passive movements, early ICU stay time, TC6 walk TC6 improvement, Pi-
(1998)@ randomized, COPD n=60 walking, respiratory muscle distance, dyspnea and ins- max increase, reduced
controlled (intervention (threshold) and lower limbs piratory muscle power. dyspnea by VAS.
group); n=20 training. Lower limbs trai-
(control group)  ning in ergometric bicycle,
stair climbing and tread-
mill.
Zanotti et al. Randomized, Bed  restricted Control = kinesiotherapy Muscle strength, cardio- Improved  peripheral
(2003)@® controlled COPD  n=12 and respiratory function, nr muscle strength in both
(intervention Intervention group = kine- days for bed to chair trans- groups, and less days
group), n=12 siotherapy + 30 min FES  ference. for transfer from bed
(control group) to chair in intervention
group
Martin et al. Retrospective  Various diagnosis Progressive physiotherapic Limbs and respiratory Increased — peripheral
(2005)@ analysis patients, n=49 exercise, from trunk con- muscles strength, function muscle strength, impro-
MV 14 days or trol to walking, going up (transference, locomotion, ved FIM and reduced
more, 2 conse- and down stairs, TMR with up/down stairs FIM) and weaning time.
cutive  weaning threshold weaning time. Gain of 1 score point
failures in upper limbs muscle
strength lead to 7 days
reduction on weaning
time.
Portaetal.  Prospective, ~ Various diagno- Control group = kinesio- Inspiratory muscle streng- Reduced dyspnea and
(2005)@ randomized,  sis, weaned 46- therapy and intervention th, dyspnea degree, mus- muscle fatigue, impro-
controlled 96 hours, n=32 group = kinesiotherapy + cle fatigue perception. ved inspiratory muscle
(intervention upper limbs cycloergome- strength
group) and n=34 ter training
(control group)
Chiang et al. Randomized, Various diagnosis Kinesiotherapic  exercises Respiratory and limbs Increased  peripheral
(2006)@? controlled patients, n=17 for upper and lower limbs; muscle strength, function muscle strength, impro-
(intervention functional training on bed, (FIM and Barthel) and ved FIM and Barthel,
group) and n=15 walking, TMR with spon- MV-free time increased MV-free time.
(control group), taneous respiration evolu-
MV  for more tion.
than 14 days
Vitacca et al. Prospective, ~ COPD  patients Aerobic training with upper Cardio-respiratory abili- The dyspnea for both
(2006)@9 controlled with difficult we- limbs cycloergometer (in- ty (SpO2, dyspnea, tidal groups (PSF and T pie-
aning (n=8 (tra- cremental and endurance) volume, respiratory and ce) was similar. Other
cheostomized) inT piece and PSF heart rate) and intrinsic variables had better va-
and MV for 15 PEEP lues in VSP
or more days
Bailey etal.  Prospective Various diagnosis Progressive activities, since Seating by bed side wi- 4.7% patients seated
(2007)@ cohort patients, n=103 trunk control to walking, thout support, seating in by the bed side, 15.3%
under MV for early started chair after transference seated on chair, 8.2%
more than 4 days from bed and walking walked less than 100
with or without assistance. feet (3048 cm) and 70%
were able to walk more
than 100 feet (3048 cm)
before discharge.
Continued...
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Chart 1 - Continuation
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Author/Year Type of study

Sample

Intervention

Main analyzed variables

Relevant results

Morris et al.  Prospective
(2008)1 cohort
Needham  Case report
(2008)”

Randomized,
controlled

Burtin et al.
(2009)@

Various  diagno-
sis patients, 3
days from admis-
sion and at least
48 hours 10T,
n=165 (con-
trol group) and
n=165 (interven-
tion group)

One severe

COPD patient

Various  diagno-
sis patients, ICU
stay  expected
for 7 or more
days, n=45 (con-
trol group) and

n=45 (treatment

4 levels protocol. Passive
movements, active-assisted
and active (functional chal-
lenge without weights),
seating on bed, seating
balance, weight discharge
standing, transference from
bed to chair (vice-versa)
and walking

Early walking, from 4*
TOT day (patient under

MYV) for 6 weeks

Respiratory physiotherapy,
passive or active mobiliza-
tion for lower and upper
limbs, both groups. In the
treatment group, additio-
nally cycloergometer for
the lower limbs|inferiors.

Number of days stay (ICU
and hospital), hospital
costs, number of days for
leaving bed for the first

time.

Sedation level, early mo-
bilization and walking by
physiotherapy at ICU and
quality of life after dis-
charge

TC6 and SE-36 (by hos-
pital discharge), palmar
grip, isometric quadriceps
strength (portable dyna-
mometer), functional sta-
tus (Berg scale), weaning

time, ICU and hospital

Reduction of hospital
days, reduced hospital
costs, and less days for
the leaving bed for the
first time in the inter-
vention group.

Improved  self-esteem,
and self perceived func-

tion status

Increased
strength, improved
function and self-per-
ceived function status in

quadriceps

the treated group.

group)

stay time, and mortality at
1 year after discharge

COPD - chronic obstructive pulmonary disease; TC6 — 6 minutes walk test; VAS — visual analogic score; FES — functional electrical stimulation;
MYV — mechanic ventilation; TMR - respiratory muscle training; FIM — functional independence measurement score; SpO, - peripheral oxygen
saturation; PSV — pressure suport ventilation; TOT — orotracheal tube ; ICU — intensive care unit; SF-36 - Quality of life inventory.

Cycloergometer, seating/standing training, stationary
march, parallel bars walking and stairs climbing, 5
times weekly, with 30 to 60 minutes duration. After
the rehabilitation schedule significant improvements
were identified such as increased upper and lower
limbs strength, transferences ability, locomotion, go-
ing up and down stairs, and the weaning time. This
in turn was directly correlated with gain in upper
limbs strength. For each point gained in the muscle
strength scale (Medical Research Council), a seven
days time to weaning reduction was seen.

Chiang et al,*? in a prospective, randomized,
controlled trial, identified the effects of six weeks
exercises for respiratory, upper and lower limbs
strength, also in patients under prolonged mechanic
ventilation, evaluating the strength with a dyna-
mometer and the function in two scales, Barthel and
Functional Independence Measurement (FIM) score.
The program was developed five times weekly and

consisted in thresholds training respiratory muscle
strength, and for the limbs, with active, resisted and
using weights movements, functional training and
walking. The treatment group strength and func-
tional status improved significantly versus the con-
trol group, where both strength and function decline
were seen, as no intervention was provided. The in-
tervention group had also reduced mechanic ventila-
tion time.

Nava et al.?? developed a seven weeks training
program consisting in four different progressive dif-
ficulty steps. Steps I and II were common to both
groups, consisting of a basic walking program. Steps
III and IV were applied only for the intervention
group, with lower extremities training. After seven
weeks training, 87% of the chronic obstructive pul-
monary disease (COPD) patients in the intervention
group, who were recovering from acute respiratory
failure (ARF) were able to walk with or without as-

24)
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sistance, versus 70% in the control group, being that
by the entry time, all were restricted to bed.

Morris et al."” in a prospective cohort study of
a kinesiotherapic exercises protocol, among others
aimed to compare a group of protocol subjects to
a usual care control group. This consisted of pas-
sive bed movements and decubitus changes every
two hours. The protocol was divided in four levels.
Level I was conducted on the still unconscious pa-
tient, passively moving all joints but shoulder and
hip extension, restricted by the position. On Level
I1, where the patients were already able to respond to
verbal orders, in addition to the passive movements,
active-assisted, active or active-resisted movements
were performed, according to the strength degree,
and also seating in the bed. On Level III, the exer-
cises aimed to strength the upper limbs, and were
performed with the patient seating by the bed side.
Weights use was not included in the protocol, be-
ing added functional challenges according to the de-
velopment. On the fourth level, were trained trans-
ference from bed to chair (and vice-versa), seating
balance activities, weight discharge with the patient
standing, and walking. No intercurrence was seen
during the protocol implementation, being it rated
as safe and effective. The intervention group had
gains regarding the number of days to the first time
leaving bed, hospitalization days and hospital costs.

Two of the studies, Porta et al.? and Vitacca et
al.,?® used an upper limbs cycloergometer for car-
dio-respiratory ability evaluation and treatment. The
incremental test, which is symptom-limited, i.e., ad-
dition of a load per minute and the patient lead to ex-
haustion, only stopped before this threshold if heart
rate reached the limit, or electrocardiogram changes
were seen. The endurance test was performed with
50% of the peak load reached in the incremental
test, and was also ended with patient-reported ex-
haustion.

In the Porta et al.®” study, the upper limbs cy-
cloergometer was added to kinesiotherapy in the in-
tervention group for 20 minutes daily for 15 days
, with 2.5 W/day increases/reductions according to
the modified Borg scale and rest pause. The inter-
vention group had a significant improvement versus
the control group. Vitacca et al.?® evaluated the ef-
fects of cycloergometer in the upper limbs in with
and without pressure support ventilation (PSV) pa-
tients, also using the modified Borg scale to quantify
the dyspnea and upper limbs discomfort, and con-

89

cluded that this variable was similar for both groups.
Other variables as respiratory rate, peripheral oxygen
saturation (SpO,), tidal volume, heart rate, intrinsic
positive end-expiratory pressure, had better values
with PSFE.

Burtin et al.?” investigated if daily exercise ses-
sions with lower limbs cycloergometer, still on bet,
would be safe and effective for prevention or attenu-
ation of exercise performance, functional status and
quadriceps strength. The control group therapy con-
sisted of respiratory physiotherapy and upper and
lower limber active or passive movements, depending
on the patient’s sedation degree, five times weekly.
Walking was started as soon as deemed safe and ap-
propriate. The treatment group received, addition-
ally, daily 20 minutes long exercises sessions with in-
creasing resistance levels. Sedated patients had fixed
20 cycles/minute frequency, while those able to help
had their sessions divided in two 10 minutes times,
plus intervals when needed. Each session the training
intensity was evaluated and resistance increase tried,
according to the patient’s toleration. A statistically
significant improvement was seen in treatment ver-
sus control groups respecting the evaluated variables,
i.e., increase of function recovery, increased quad-
riceps strength, and improved self-perceived func-
tional status. Independent walking was higher in the
treatment group.

Zanotti et al.”® compared the effects of active
lower limbs mobilization with and without Func-
tional Electrical Stimulation (FES) in 24 COPD
subjects with severe peripheral muscle atrophy then
depending on mechanic ventilation. The program
was four weeks long, and was performed five times
weekly. The muscle strength significantly improved
in both groups versus baseline. Regarding the num-
ber of days for transference from bed to chair, there
was a statistically significant improvement in the
FES group. The intervention group took in average
10 days to transfer, while the control group an aver-
aged 14 days.

Bailey et al.,?" in a prospective cohort study
evaluated the feasibility and safety of early activities
in subjects mechanically ventilated for more than 4
days. The activities were developed twice daily, and
included seating by the bed side without support,
seating on chair after transferring from the bed, and
walking without or with a person or walker assis-
tance. The activities aimed the patient walking more
than 100 feet (3048 cm) before discharged from the
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unit; 2.4% of the subjects had no activity until the
discharge, 4.7% seated by the bed side, 15.3% seated
on a chair, 8.2% walked less than 100 feet (3048 cm)
and 69.4% walked more than 100 feet (3048 cm). It
was defined as early the therapy started when the pa-
tient was hemodynamically stable, with no amines,
FiO, < 60% and PEEP < 10 cmH, O need, able to re-
spond to verbal stimulation according to neurologi-
cal evaluation criteria. No activity was started during
coma and/or less than 4 days in mechanic ventilation
patients, justifying that patients needing longer than
4 days mechanic ventilation are more endangered of
physical weakness.

One case report was recently published by Need-
ham,®” where a patient with severe COPD, 56 years-
old, acute renal failure, walked on the 4" day following
ICU admission, with orotracheal tube and mechanic
ventilation installed. The patient walked a total of 140
meters divided in three phases, assisted by a walker
and two physiotherapists constantly monitoring heart
rate, blood pressure, electrocardiographic track and
oxygen saturation. In an interview the patient Mr. E.
showed improved self-esteem, and self-perceived mus-
cle strength and functional status. Also reported that
it was not uncomfortable to walk with a tube in his
mouth, and that this benefited his recovery.

CONCLUSION

Kinesiotherapy, including early started, appears
to bring favorable results for muscle weakness rever-
sion in critically ill patients, providing faster return
to function, reduced weaning time and hospitaliza-
tion. Although the evaluated studies suggest its use
to be safe and effective, their methodological diver-
sity points to the need of further randomized and
controlled studies, with larger cases series and bet-

Silva APP, Maynard K, Cruz MR

ter standardization for appropriate description and
comparison of different treatment protocols.
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RESUMO

O desenvolvimento de fraqueza generalizada relacio-
nada ao paciente critico é uma complicagio recorrente
em pacientes admitidos em uma unidade de terapia in-
tensiva. A reduc¢io da for¢a muscular aumenta o tempo de
desmame, internacio, o risco de infec¢oes e conseqiiente-
mente morbimortalidade. A fisioterapia ¢ usada nesses pa-
cientes como recurso para prevencdo da fraqueza muscular,
hipotrofia e recuperagao da capacidade funcional. O obje-
tivo deste estudo foi rever a literatura relacionada ao uso
da cinesioterapia em pacientes internados em unidades de
terapia intensiva. A pesquisa da literatura foi realizada por
meio das bases eletronicas de dados MedLine, LILACS,
CINAHL, Cochrane, High Wire Press e SciELO, de ja-
neiro de 1998 a julho de 2009 e capitulos de livros uti-
lizando palavras-chave incluindo: “critical illness”, “cine-
siotherapy”, “physical therapy”, “physiotherapy”, “exercises”,
“training”, “force”, “active mobilization”, “mobilization”,
“ICU”, “rebabilitation”, “mobility”, “muscle strength” e
“weakness”. Apesar da escassez de estudos e da diversidade
metodoldgica dos estudos encontrados demonstrando o
uso da cinesioterapia como recurso terapéutico, o seu uso,
inclusive precocemente parece uma alternativa A preven-
¢ao e reversio da fraqueza muscular adquirida na unidade
de terapia intensiva.

Descritores: Cinesioterapia; Modalidades de terapia
fisica; Debilidade muscular/reabilitacao

REFERENCES

1. American Physical Therapy Association. Guide to Physi-
cal Therapist Practice. Second Edition. American Physical
Therapy Association. Phys Ther. 2001;81(1):9-746.

2. Ali NA, O’Brien JM Jr, Hoffmann SP, Phillips G, Garland
A, Finley JC, Almoosa K, Hejal R, Wolf KM, Lemeshow
S, Connors AF Jr, Marsh CB; Midwest Critical Care Con-
sortium. Acquired weakness, handgrip strength, and mor-
tality in critically ill patients. Am ] Respir Crit Care Med.
2008;178(3):261-8.

3. Maramattom BV, Wijdicks EF. Acute neuromuscu-
lar weakness in the intensive care unit. Crit Care Med.
2006;34(11):2835-41. Review.

4. Schweickert W], Hall J. ICU-acquired weakness. Chest.
2007;131(5):1541-9.

5. Khan ], Harrison TB, Rich MM. Mechanisms of neuro-
muscular dysfunction in critical illness. Crit Care Clin.
2008;24(1):165-77, x. Review.

6. Truong AD, Fan E, Brower RG, Needham DM. Bench-
to-beside review: mobilizing patients in the intensive care
unit -- from pathophysiology to clinical trials. Crit Care.

Rev Bras Ter Intensiva. 2010; 22(1):85-91



Effects of motor physical therapy in critically ill patients: literature review

10.

11.

12.

13.

14.

15.

16.

17.

18.

2009;13(4):216.

Fredericks CM. Adverse effects of immobilization on the
musculoskeletal system. In: Fredericks CM, Saladim LK,
editors. Pathophysiology of the motor systems: principles
and clinical presentations. Philadelphia: EA. Davis Com-
pany; 1996.

Wagenmakers AJ. Muscle function in critically ill patients.
Clin Nutr. 2001;20(5):451-4. Review.

Needham DM. Mobilizing patients in the intensive care
unit: improving neuromuscular weakness and physical
function. JAMA. 2008;300(14):1685-90.

Pandit L, Agrawal A. Neuromuscular disorders in critical
illness. Clin Neurol Neurosurg. 2006;108(7):621-7.
Gosselink R, Bott J, Johnson M, Dean E, Nava S, Norren-
berg M, et al. Physiotherapy for adult patients with criti-
cal illness: recommendations of the European Respiratory
Society and European Society of Intensive Cara Medicine
Task Force on Physiotherapy for Critically ill Patients. In-
tensive Care Med. 2008;34(7):1188-99.

Griffiths JA, Morgan K, Barber VS, Young JD. Study pro-
tocol: the Intensive Care Outcome Network (TCON’) stu-
dy. BMC Health Serv Res. 2008;8:132.

Storch EK, Kruszynski DM. From rehabilitation to opti-
mal function: role of clinical exercise therapy. Curr Opin
Crit Care. 2008;14(4):451-5. Review.

Griffiths RD, Jones C. Recovery from intensive care. BMJ.
1999;319(7207):427-9.

Morris PE, Goad A, Thompson C, Taylor K, Harry B, Pas-
smore L, et al. Early intensive care unit mobility therapy in
the treatment of acute respiratory failure. Crit Care Med.
2008;36(8):2238-43.

van der Schaaf M, Beelen A, de Vos R. Functional outco-
me in patients with critical illness polyneuropathy. Disabil
Rehabil. 2004;26(10):1189-97.

Winkelman C, Higgins PA, Chen Y]. Activity in
the chronically critically ill. Dimens Crit Care Nurs.
2005;24(6):281-90.

Choi J, Tasota FJ, Hoffman LA. Mobility interventions to
improve outcome in patients undergoing prolonged me-
chanical ventilation: a review of the literature. Biol Res

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

91

Nurs. 2008;10(1):21-33.

Herridge MS, Cheung AM, Tansey CM, Matte-Martyn
A, Diaz-Granados N, Al-Saidi F, Cooper AB, Guest CB,
Mazer CD, Mehta S, Stewart TE, Barr A, Cook D, Slutsky
AS; Canadian Ciritical Care Trials Group. One-year outco-
mes in survivors of the acute respiratory distress syndrome.
N Engl ] Med. 2003;348(8):683-93.

Stiller K. Safety issues that should be considered
when mobilizing critically ill patients. Crit Care Clin.
2007;23(1):35-53.

Bailey P, Thomsen GE, Spuhler V], Blair R, Jewkes J, Be-
zdjian L, et al. Early activity is feasible and safe in respira-
tory failure patients. Crit Care Med. 2007;35(1):139-45.
Chiang LL, Wang LY, Wu CB Wu HD, Wu YT. Effects
of physical training on functional status in patients
with prolonged mechanical ventilation. Phys Ther.
2006;86(9):1271-81.

Martin U], Hincapie L, Nimchuk M, Gaughan ], Cri-
ner JG. Impact of whole-body rehabilitation in patients
receiving chronic mechanical ventilation. Crit Care Med.
2005;33(10):2259-65.

Nava S. Rehabilitation of patients admitted to a res-
piratory intensive care unit. Arch Phys Med Rehabil.
1998;79(7):849-54.

Porta R, Vitacca M, Gile LS, Clini E, Bianchi L, Zanot-
ti E, Ambrosino N. Supported arm training in patients
recently weaned from mechanical ventilation. Chest.
2005;128(4):2511-20.

Vitacca M, Bianchi L, Sarvd M, Paneroni M, Balbi B.
Physiological responses to arm exercise in difficult to wean
patients with chronic obstructive pulmonary disease. In-
tensive Care Med. 2006;32(8):1159-66.

Burtin C, Clerckx B, Robbeets C, Ferdinande P, Langer
D, Troosters T, et al. Early exercise in critically ill patients
enhances short-term functional recovery. Crit Care Med.
2009;37(9):2499-505.

Zanotti E, Felicetti G, Maini M, Fracchia C. Periphe-
ral muscle strength training in bed-bound patients with
COPD receiving mechanical ventilation: effect of electrical
stimulation. Chest. 2003;124(1):292-6.

Rev Bras Ter Intensiva. 2010; 22(1):85-91



