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Background: Although physiotherapy is frequently provided to patients in the ICU, its role has
been questioned. The purpose of this systematic literature review, an update of one published in
2000, was to examine the evidence concerning the effectiveness of physiotherapy for adult, intu-
bated patients who are mechanically ventilated in the ICU.
Methods: The main literature search was undertaken on PubMed, with secondary searches of
MEDLINE, CINAHL, Embase, the Cochrane Library, and the Physiotherapy Evidence Database.
Only papers published from 1999 were included. No limitations were placed on study design,
intervention type, or outcomes of clinical studies; nonsystematic reviews were excluded. Items
were checked for relevance and data extracted from included studies. Marked heterogeneity of
design precluded statistical pooling of results and led to a descriptive review.
Results: Fifty-five clinical and 30 nonclinical studies were reviewed. The evidence from random-
ized controlled trials evaluating the effectiveness of routine multimodality respiratory physio-
therapy is conflicting. Physiotherapy that comprises early progressive mobilization has been
shown to be feasible and safe, with data from randomized controlled trials demonstrating that it
can improve function and shorten ICU and hospital length of stay.
Conclusions: Available new evidence, published since 1999, suggests that physiotherapy interven-
tion that comprises early progressive mobilization is beneficial for adult patients in the ICU in
terms of its positive effect on functional ability and its potential to reduce ICU and hospital length
of stay. These new findings suggest that early progressive mobilization should be implemented as
a matter of priority in all adult ICUs and an area of clinical focus for ICU physiotherapists.
CHEST 2013; 144(3):825-847

Abbreviations: IMT = inspiratory muscle training; LOS = length of stay; MH = manual hyperinflation; NMES = neuro-
muscular electrical stimulation; RCT = randomized controlled/comparative trial; VAP = ventilator-associated pneumonia;
VH = ventilator hyperinflation

In most developed countries, physiotherapy is seen
as an integral component of the multidisciplinary
management of patients in ICUs. The role of physio-
therapy in the ICU and the treatment techniques
used by physiotherapists in the ICU vary consider-
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ably between units, depending on factors such as the
country in which the ICU is located, local tradition,
staffing levels, and expertise. In 2000, Stiller! published
a literature review investigating the effectiveness of
physiotherapy for adult, intubated patients on mechan-
ical ventilation in the ICU, covering a broad range of
physiotherapy practice. This concluded that there was
only limited evidence concerning the effectiveness of
physiotherapy in this setting and identified an urgent
need for further research to be conducted to justify
the role of physiotherapy in the ICU. The review is
frequently cited in articles concerning the role of
physiotherapy in the ICU. Given that > 10 years have
passed since its publication, what new evidence
regarding the role of physiotherapy in the ICU has
emerged? Does this new evidence confirm the role
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of physiotherapy in the ICU? Does it highlight areas
of clinical practice where physiotherapy is most
effective?

The objective of this systematic review was to update
a summary of the evidence concerning the effective-
ness of physiotherapy in the ICU. In keeping with
Stiller,! this review only considers the management
of adult, intubated patients on mechanical ventilation.

MATERIALS AND METHODS

Search Strategy and Study Selection

The PICOS (population, intervention, comparison, outcome
and study design) criteria used in this study were deliberately
broad to capture all relevant articles, requiring only that the popu-
lation comprised adult (aged = 18 years), intubated, mechanically
ventilated patients being cared for in an ICU setting and that a
physiotherapy intervention had been evaluated or discussed. No
limitations were placed on study outcomes. All relevant clinical
articles were included and systematic literature reviews, expert
opinion papers, and surveys were also eligible for inclusion. The
primary literature search was conducted using the PubMed data-
base for articles published from January 1, 1999, to July 31, 2012,
using the following search terms: “intensive care” AND “physio-
therapy.” Additional searches were undertaken on PubMed using
the terms “critical care” or “intensive care” AND “physical therapy,”
“therapeutic exercise,” “functional training,” “exercise,” “exercise
therapy,” “mobilisation,” “rehabilitation” or “ambulation.” Sec-
ondary searches, using the same time limitations and search terms,
were undertaken on MEDLINE, CINAHL, Embase, Cochrane
Library, and the Physiotherapy Evidence Database. Titles and
abstracts generated by the search strategy were assessed for eligi-
bility and full-text copies of articles deemed to be potentially rel-
evant were retrieved. Duplicate publications were excluded. If
relevant articles could not be accessed via the Internet, authors
were contacted directly. Given that this was a nonclinical study,
institutional review board approval was not sought.

Methodological Quality and Analysis

The methodological quality of randomized controlled or com-
parative trials (RCTs) was appraised with reference to the National
Health and Medical Research Council Guidelines? and Consoli-
dated Standards of Reporting Trials (CONSORT) statement.® All
data were extracted by the author. Marked heterogeneity of study
design and outcome measures precluded statistical pooling of
results for meta-analysis, hence a descriptive summary of the find-
ings is presented.

RESULTS

Literature Search

The initial PubMed literature search identified
849 items published since 1999, with 50 relevant
studies (34 clinical, 16 nonclinical) included in the
review. An additional 35 relevant studies (21 clinical,
14 nonclinical) were retrieved in a broader PubMed
search or from other databases. Thus, in total, 85 new
studies (55 clinical, 30 nonclinical) were reviewed.
Articles were most often excluded because they
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did not study the population and/or intervention of
interest (Fig 1).

Systematic Reviews

Twelve systematic literature reviews were identi-
fied. Their characteristics, including a summary of
their results and conclusions, are shown in Table 1.415
In contrast to the current review, which covers a wide
range of ICU physiotherapy practices, these reviews
focused on specific areas of physiotherapy practice in
the ICU, with the most frequent topic being the early
mobilization and rehabilitation of patients in the ICU .10
Despite only limited data being available, most con-
cluded that early mobilization and rehabilitation are
safe and effective in the ICU setting, although further
research is required to confirm and extend its role.+10

Clinical Trials: Study and Patient Characteristics

The clinical trials reviewed evaluated a variety of
physiotherapy interventions, including multimodality
respiratory physiotherapy, mobilization, inspiratory
muscle training (IMT), and neuromuscular electrical
stimulation (NMES). For the sake of clarity, study
findings are presented according to the intervention
evaluated.

Multimodality Respiratory Physiotherapy: Eighteen
clinical trials were identified that evaluated the effec-
tiveness of multimodality respiratory physiotherapy,
with the interventions studied including various com-
binations of positioning, manual hyperinflation (MH),
ventilator hyperinflation (VH), chest wall vibrations,
and rib-cage compression.'63 The characteristics and
main findings of these 18 studies are shown in Table 2
(sorted according to methodological quality and sam-
ple size). There were five RCTs,'52 nine randomized
crossover trials,2' one systematically allocated con-
trolled trial, one historical controlled trial 3! and two
observational studies.3233

Four of the five RCTs were well designed and involved
samples of at least 101 patients.'®'® Study populations
comprised patients who were intubated and mechan-
ically ventilated after cardiac surgery,'s mechanically
ventilated > 48 h,'”19 or mechanically ventilated with
acquired brain injury.'s Patients were prospectively
randomly allocated to a control group (usually receiving
standard medical/nursing care) or a treatment group
that received additional multimodality respiratory phys-
iotherapy (comprising a combination of techniques
such as positioning, MH, with or without chest wall
vibrations). Frequency of this additional multimodality
respiratory physiotherapy was as clinically indicated
in two studies,'®'7 bid,"? and six times a day.'"s Medium-
term clinical outcomes such as duration of intubation,
incidence of ventilator-associated pneumonia (VAP),
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PubMed search (intensive care AND physiotherapy) n = 849

/

Abstract / full text articles screened n = 86

Records excluded n = 763

Not about ICU and physiotherapy n = 741

Involved pediatric samples n = 18

Animal or laboratory based n =4

Clinical studies n = 51

Nonclinical studies n = 35

\

/

Included n =34 Excluded n =17 Included n =16 Excluded n=19

Not about ICU and physiotherapy n = 10
Duplicate publicationsn =4
Foreign language n = 2

Protocolonlyn=1

Additional studies identified in
broader PubMed and other database
searchesn =21

S| broader PubMed and other database

Nonsystematic reviews n =9
Letters to editorn =5
Editorials n =3
Abstractonlyn=1

Duplicate publicationsn =1

Additional studies identified in

searchesn =14

Included n = 55

Included n = 30

FIGURE 1. Flowchart of selection of eligible studies.

and length of stay (LOS) in the ICU and hospital were
measured. Two of the four RCTs found no significant
difference between groups for any outcomes,'6s one
found that the median time for 50% of patients to
become ventilator-free was significantly longer in the
treatment group,'” and the final study favored the
treatment group, with significant benefits seen in terms
of the clinical pulmonary infection score, ventilator
weaning and mortality rates.! The fifth RCT was meth-
odologically compromised by a small sample size
(n=17) that was further compromised by division
into three treatment groups.

The nine randomized crossover trials all had com-
paratively small sample sizes (n=46) and prospectively
evaluated the physiologic effects of individual respi-
ratory physiotherapy interventions.2' Six of the ran-
domized crossover trials evaluated MH.21.25-29 Three
of these compared MH to VH, when added to a treat-
ment of positioning and suction, with all finding that
VH was as effective as MH for outcomes such as spu-
tum clearance and respiratory compliance 2262 Two
studies investigated the addition of MH to a treat-
ment of positioning and suction, with both finding
that MH was associated with short-term beneficial
physiologic effects such as improved respiratory com-
pliance.?”? Hodgson et al®® compared two different
circuits for delivering MH, finding that while MH

journal.publications.chestnet.org

with a Mapleson C circuit cleared significantly more
sputum than MH with a Laerdal circuit, this did not
have any consequences in terms of oxygenation or
respiratory compliance. Two randomized crossover
trials evaluated the effect of expiratory rib-cage com-
pression, finding that it did not add to the effective-
ness of positioning and suction in terms of oxygenation,
respiratory compliance, or sputum clearance.?2? Finally,
Berney et al,?* investigating 20 patients who were
mechanically ventilated, found that the addition of
a head-down tilt to MH, rather than flat side lying,
increased the weight of sputum cleared.

A prospective, systematically allocated, controlled
trial involving 60 patients who were mechanically ven-
tilated was undertaken by Ntoumenopoulos et al.?
While the incidence of VAP was significantly lower in
a group that received multimodality respiratory phys-
iotherapy bid compared with a control group, dura-
tion of mechanical ventilation, ICU LOS and mortality
were not significantly different between groups.

A large historical controlled trial by Malkog et al®!
(n=>501) found that a group that received multimo-
dality respiratory physiotherapy had a significantly
shorter duration of mechanical ventilation and ICU
LOS than a historical control group. However, as the
treatment group also received mobilization, it is not
clear which components of therapy were effective.
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= g £ From the two prospective observational studies,
s 2E 2 L 835 s Thomas et al32 found that lateral positioning had no
= ] < = . . . . S N
G T2 LE =t E g S significant effect on oxygenation of 34 patients on
= v = - ] ) [ & o . . . - .
e 2557 P ks B2 ¢ ol mechanical ventilation and Clarke et al,? studying
28 a 2= o 2= 5 B s . Vo
3 = g% g S22 30 £= 25 patients on mechanical ventilation, reported that
— S @& 4273 5= . . . . . .
£ % 2 H 8 é T E5% 2 manual hyperventilation can result in higher inflation
= e = 2 £ 2 2= = 5 b . . .
£ iz = £25Z ¢ ag ressures in patients with susceptible lungs.
= 2 EE= = £ 2% 2 2
= €<= 2% E 2908 2 g°
2 s2%5 cic8s £ E bilization: For th f this review, th
B R g\o £ 28 5¢s 22 Mobilization: For the purposes of this review, the
c = = = = ey .1: . . .
E £E 8 ¥ g wl 2 ¢ Z definition of mobilization provided by Stiller! has
£ = S =52 £ Z2EZ2E < & y
3 82 E< SEC EE g ¢ been used, whereby mobilization is a broad term that
£Z 23 ER-IPIE > 5 y
é’ = $7=A7 Z= encompasses active limb exercises, actively moving
‘B o= . . epas
¢ &  or turning in bed, sitting on the edge of the bed,
. o = 2T o < s . Tons . R . s (re
2z, F EE:Z L= sitting out of bed in a chair (via mechanical hf‘Flng
5 = z % s £F %é 2 machines, slide board, or standing transfer), standing,
o O o ¢ 5 & o < . . o . . .
E zw2% S§=sit |EE and walking. Twenty-six clinical trials were identified
~  E £ ’ 5 .8 5= a | A e . . .
S SEST 255552523 that evaluated the use of mobilization interventions.>-
< Sd == =0 QO 0 == : . . R
" POEELEETELEREE LS| R Y Table 3 summarizes their characteristics. There were
= E 8 z2FZzEws HhEs|8 3
2 o,  FATZS 2853888 D |85 three RCTs,3+36 five nonrandomized controlled trials,374!
(9] By w02CT E o= L2 E oE H 4
F EZ-EEE-Sz2TcEERES|EE one historical controlled study,*? and 17 observational
S Eie 8RR oL Y
CHESEY EDT A 520 B dies 4359
ES o EmEEE LS ET 200 studies.
= o g & 8 - S ¢ g . . ,
S SR 2203008 F |k The largest prospective RCT, by Schweickert et al 3
Ea'mﬁxm.ﬁ:ﬁ%ﬁﬁ%ﬂbmm < > Y
29E 22 iS55 E5E|%E involved 104 patients who had been mechanically
a8 298 = = R =N =R B N . . . ;
of ST R RLEFL R SSTE IS E ventilated for <72 h and were likely to require venti-
= lation for a further 24 h. The patients were random]
Fg o) — 2
E = .. s & allocated to receive daily sedative interruption fol-
S $2 o g g =2 lowed by therapy that concentrated on mobilization
s . AE S 2 .E £ S
S S22 EE 28% g = activities (eg, range of motion exercises, functional
o 2 ~ S Es&=u88 2 = - 2 g . - > .
1 £ $EET2g £ 522 I g tasks, sit/stand/walk) or daily sedative interruption
v £ £ ; $E2R:9%E = é and standard medical/nursing care. Compared with
—_ o & T LEQ = o
= °© SEZT g wEla gf £ = the control group, the treatment group demonstrated
= 5 o S T3 &8 =8 .. . ..
= BEELSES SO E B 5 2 a significantly shorter duration of delirium and mechan-
55 EEESESE 25 ’ o .
g ea 3] g £ ical ventilation, and significantly more patients in the
~ - = ? Yy
- 2 . . .
7S treatment group achieved an independent functional
% . . .
. < status at hospital discharge. The second prospective
B=1 ©
g3 L8 RCT, involving 90 patients whose ICU LOS was
g 33 5 anticipated as being > 7 days, investigated the effec-
= = .~ C . . . . . .
= Bl = tiveness of adding cycling exercise using a bedside
> @ S = . .1
5 & 52 g Z cycle ergometer to a standard physiotherapy mobili-
= = E = gz zation regimen (ie, limb exercises, walk).3> While no
5] —~ 2 k3] . . .
2 ER= £ 2 significant differences were found between groups
) z E . . .
& = Z2 at ICU discharge, the treatment group achieved sig-
Z 2 nificantly higher distances in the 6-min walk test than
. 5 % y :
s E £.Z the control group at hospital discharge and their
4 > I} o > =5 'E
‘o $E Tl I Az quadriceps strength improved significantly between
L= g s D ) =0 x® = . . .
%5 EEE%E % TLEZ 2 ICU and hospital discharge. The third RCT, by Chang
3 EgEsE=2SECE Sie) et al,3 prospectively investigated the effect of sittin
= ~::®'S&:?§w::@ & y
£ g -7 FEEYgERT @ oo out of bed (for at least 30 min, most often on a dail
S A = . . )
. S  Dbasis) on the respiratory muscle strength of 34 patients
fé el over a 6-day study period. The patients in the con-
i £ trol group were positioned supine or semirecumbent
= . 5 . .. .
s 2 - s in bed. No significant differences were seen between
o= 2, =2z
g R s o= groups.
£ 3 s ) gz Two of the five nonrandomized controlled studies pro-
) 3 = = . .
z 58 8 L £ spectively allocated patients to a control group (standard
E 3 . . :
A& =5 medical/nursing care) or a treatment group (progressive
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Cader et al,% in a well-designed prospective RCT
involving 41 elderly patients who were mechanically
ventilated for > 48 h due to type 1 respiratory failure,
found that daily progressive IMT using a thresh-
old training device was associated with significant
benefits (eg, shorter weaning time) compared with a
control group. In contrast, the prospective RCT by
Caruso et al, %' whose study sample comprised 25 patients
likely to require mechanical ventilation > 72 h, found
that IMT using the trigger sensitivity on the venti-
lator did not have significant benefits in terms of
weaning duration or rate of reintubation.

Threshold IMT was found to be effective in terms
of weaning ventilator-dependent patients in the case
series by Sprague and Hopkins® involving six patients,
and a single case study by Bissett and Leditschke.®
Bissett et al 62 in another case series, evaluated the
safety of IMT, with no deleterious effects on physio-
logic parameters or clinically important adverse effects
recorded.

Neuromuscular Electrical Stimulation: Three clin-
ical studies, summarized in Table 4, were identified
that evaluated the effectiveness of NMES.6-67 There
were two prospective, stratified RCTs®% and one
within-subject RCT.57

The RCT by Routsi et al% involved 52 critically
ill patients, stratified according to age and sex, and
evaluated the effect of daily NMES to the quadriceps
and peroneous longus muscles. They demonstrated a
significantly lower incidence of critical-illness poly-
neuromyopathy and reduced weaning time in the
treatment group. The stratified RCT by Gruther et al®
allocated 33 patients to a daily session of NMES to the
quadriceps muscle or a sham treatment, with the sample
stratified according to ICU LOS. While no significant
difference was seen between the treatment and sham
groups for short-stay patients (<7 days), longer-term
patients (> 14 days) who received NMES had a signif-
icant increase in muscle thickness at 4 weeks, whereas
the sham group had no significant change in muscle
thickness. The within-subject RCT by Poulsen et al,
involving eight male patients in the ICU with septic
shock, found no significant difference in quadriceps
muscle volume between patients’ control and treat-
ment sides after 7 days.

Other Clinical Trials: Three other clinical trials
that investigated physiotherapy interventions in the
ICU are summarized in Table 4.7 Zeppos et al®
documented a low incidence of adverse physiologic
effects associated with all physiotherapy interven-
tions in the ICU; De Freitas® found that patients who
received physiotherapy were predominantly male,
elderly, nonsurgical, and with high disease severity
and mortality; and Clavet et al™ reported that patients

journal.publications.chestnet.org

with joint contractures in the ICU had a significantly
longer ICU LOS and lower ambulatory level at the
time of hospital discharge than those without joint
contractures.

Nonclinical Studies: Study and Sample
Characteristics

Expert Opinion: Three articles, summarized in
Table 5, provided expert opinions regarding the role
of physiotherapy in the ICU.™7 Gosselink et al™ sum-
marized the findings of the European Respiratory
Society and European Society of Intensive Care Medi-
cine Task Force on the effectiveness of physiotherapy
for acute and chronic critically ill patients. Despite
noting a lack of high-level evidence, they identified
the following evidence-based targets for physiother-
apy: deconditioning, muscle weakness, joint stiffness,
impaired airway clearance, atelectasis, intubation
avoidance, and weaning failure. The two studies by
Hanekom et al™™ used a Delphi process to develop
evidence-based clinical management algorithms for
the prevention, identification, and management of
pulmonary dysfunction in intubated patients in the
ICU and for the early physical activity and mobiliza-
tion of critically ill patients.

Surveys: A total of 15 surveys (Table 5) were iden-
tified that evaluated physiotherapy interventions in the
ICU.™$ Sample sizes ranged from 325 to 482;™ most
samples comprised physiotherapists alone, 7767551545655
two included physiotherapists and nursing staff,525
one study included ICU directors and physiothera-
pists,” and the last included patients in the ICU.57 All
studies used purpose-designed surveys. Topics surveyed
were general physiotherapy service provision, 779505255
use of passive movements,™%6 rehabilitation and exer-
cise prescription,™ positioning,* VH, "5 MH,5 use
of tilt tables,s! ICU directors’ perceptions of their
physiotherapy service,” and patient satisfaction with
the ICU physiotherapy service.5” The findings of each
study are summarized in Table 5.

Di1sCcUSSION

This systematic review updates a summary of the
research evidence concerning the effectiveness of phys-
iotherapy in the ICU published in 2000. A total of
85 new studies (55 clinical and 30 nonclinical) were
reviewed.

The most striking change in the evidence base since
the review published by Stiller in 2000 has been the
advent and growth of research, particularly in the last
5 years, evaluating the use of early progressive mobi-
lization. In contrast to 2000, when no studies were
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identified, the current review included 26 clinical
studies on this topic and, while study quality was var-
iable, statistically significant and clinically important
benefits resulting from early mobilization were dem-
onstrated. These new clinical studies have shown that
early progressive mobilization is feasible and safe, and
results in significant functional benefits that may trans-
late into positive effects on the ICU and hospital LOS.
Stiller! noted that the role of physiotherapy in the
ICU would continue to be questioned until physio-
therapy has been shown to have a favorable impact
on broader outcomes of patients in the ICU. The new
evidence demonstrating the beneficial effects of
mobilization on broader outcomes such as the ICU
and hospital LOS confirms an unquestionable role for
physiotherapy in the ICU. Given that the demand for
physiotherapy services often outstrips the resources
available, and the new evidence demonstrating the
effectiveness of physiotherapy interventions aimed
at early mobilization, ICU physiotherapists should
give priority to interventions aimed at early progres-
sive mobilization. To be successful, implementation
of early progressive mobilization relies on an ICU
culture that considers mobilization an essential part
of multidisciplinary care. Safety guidelines and pro-
tocols for progressive mobilization of patients in the
ICU are available 3437424789

Eighteen new clinical trials were identified that eval-
uated the effectiveness of multimodality respiratory
physiotherapy for adult, intubated, mechanically ven-
tilated patients in the ICU. The results of these trials
support and extend the conclusions made by Stiller
in 2000,! namely, that multimodality respiratory phys-
iotherapy may result in short-term improvements in
pulmonary function. While there is some new evidence
from RCTs that the provision of routine multimodal-
ity respiratory physiotherapy can impact positively
on outcomes such as duration of intubation and the
ICU LOS, there is, however, a similar amount of new
high-quality evidence suggesting that it may not. In
terms of specific respiratory physiotherapy interven-
tions, there is limited evidence from new randomized
crossover trials suggesting that expiratory rib-cage
compression is ineffective and that MH may have
beneficial short-term effects on respiratory compli-
ance, concurring with the conclusions made in the
2000 review.! New evidence has emerged demon-
strating that VH is as effective as MH. There is new
high-quality evidence concerning the effectiveness of
IMT for patients in the ICU; however, this evidence
is scarce, hence the routine or selective use of IMT
for patients in the ICU cannot be recommended at
present. Similarly, the evidence that has been published
since 1999 concerning the effectiveness of NMES is
limited and, thus, clinical recommendations regarding
its use in ICU cannot be made.

844

Limitations of this systematic review included the
variable methodological quality of the studies. The
diverse range of study samples and study methodology
precluded pooling of results and statistical analysis.
The interventions that were provided usually com-
prised numerous components, making it impossible
to determine the effectiveness of individual treatment
components.

A strength of this literature review was the inclu-
sion of all clinical studies that have evaluated physio-
therapy for adult patients in the ICU, irrespective of
study design. Additionally, by reviewing the evidence
concerning a broad range of physiotherapy practice,
rather than focusing on one specific type of interven-
tion (eg, multimodality respiratory physiotherapy or
mobilization alone), it has been possible to highlight
the emerging evidence concerning the beneficial
effects of early progressive mobilization compared
with other physiotherapy interventions.

CONCLUSIONS

In summary, the evidence concerning the efficacy
of routine multimodality respiratory physiotherapy for
adult, intubated patients receiving mechanical venti-
lation remains unclear. There is strong, albeit limited,
evidence published since the review in 2000 showing
that physiotherapy intervention focusing on early pro-
gressive mobilization is feasible and safe, and results
in significant functional benefits, which may translate
into a reduced ICU and hospital LOS. This emerging
evidence confirms the role of the physiotherapist in
ICU and highlights that early progressive mobiliza-
tion is an effective area of physiotherapy clinical prac-
tice for adult, intubated, mechanically ventilated
patients. Further research to confirm the efficacy of
early progressive mobilization is required, in partic-
ular to determine the optimal “dosage” in terms of its
most effective components, intensity, duration, and
frequency.
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