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Abstract

Physiotherapy has been accepted as an integral part of critical care in developed countries. Preventing and managing pulmonary
complications of ventilated and other critically ill patients is still considered to be the primary task of physiotherapists in India.
As movement experts of the intensive care unit team, physiotherapists play a major role in preventing neuromuscular complications through early mobilization and therapeutic exercise prescription in the developed countries. This critical review analyses
the physiological rationale behind the physiotherapeutic technique and existing research evidence pertaining to the role of physiotherapy in critical care. The paper also highlights the simple evidence-based protocol which was successfully implemented in
a tertiary care hospital of India.
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Background

Body positioning

Intensive care units (ICUs) play a vital role in any of the
modern hospitals, with the aim to enhance the survival probability of people with acute illnesses or exacerbations of
chronic illness. ICU requires a team of committed individuals to achieve this desired objective and the physiotherapist
has established their role in this team. Physiotherapy has been
acknowledged as an integral part of ICU management in most
of the developed countries [1]. The rationale of physiotherapeutic interventions in any critical care unit is to avert pulmonary complications by removing airway secretions, as well as
improving gaseous exchange and lung volumes [2]. Apart
from pulmonary complications, critically ill patients are prone
to develop other complications, such as muscular weakness
and ICU-induced delirium.
Besides counteracting pulmonary complications, physiotherapy, as an integral part of critical care, prevents immobilization complications, assists in the weaning process from
ventilatory dependence, and reduces the ICU stay. Physiotherapists employ various techniques, like positioning, postural drainage therapy, chest wall manipulations, manual
hyperinflation (MHI), early mobilization, and therapeutic exercises to assist in early recovery of critically ill patients [3]. A
survey performed in Indian ICUs revealed that 79% of the
centres had on-call physiotherapy services [4]. Subjects surviving critical illness suffer from increased fatigability, muscle
weakness, and reduced mobility for a longer period after discharge. Early physiotherapy in the ICU is safe and feasible
[5, 6].
Timely ICU physiotherapy reduces the span of ICU stay
and duration of mechanical ventilation, as well as enhances
the functional capacity. This critical review aims to analyse
the physiological effects of various physiotherapy techniques
and to discuss the existing evidence to substantiate the role
of physiotherapy in ICU, especially from the point of view of
developing countries.

Positioning is one of the most effective interventions used
by physiotherapists. The concept of positioning, which is
governed primarily by the influence of gravity, was based
on the principles of the West lung model [7]. Thus, the principles of body positioning have a direct outcome in optimizing the respiratory mechanics and thereby enhancing gas
exchange, oxygenation, and ventilation-perfusion matching
in mechanically ventilated ICU patients [8, 9].
In the upright position, the superior portion of the pleural
space is relatively more negative. Pleural pressure is more
positive in the dependent basilar lung regions because of
the downward acting weight of the lung. The lung is easier to
inflate at low volumes than at high volumes, where it is compliant. Since the expanding pressure at the base of the lung
is small and has a small resting volume, it expands well on
inspiration. The apex of the lung has a large expanding pressure, a higher resting volume, and small change in volume
during ventilation. The base of the lung has larger change in
volume and smaller resting volume than the apex and hence
its ventilation is greater. Therefore, the base of the lung is
poorly expanded but better ventilated [7].
The different regional lung compliance is accountable
for the dependent alveoli being relatively compliant and the
non-dependent alveoli being relatively non-compliant. Thus,
most of the tidal volume is preferentially distributed to the
dependent alveoli because they expand more per unit pressure change than the non-dependent alveoli do. As a result,
erect sitting may increase the lung compliance.
On the basis of these physiological benefits, therapeutic
body positioning is used to augment arterial oxygenation by
enhancing the gaseous exchange and reducing the work of
breathing in subjects diagnosed with acute respiratory distress syndrome (ARDS) [10–12]. Lateral position is proved
to be effective in mobilizing airway secretions and preventing
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atelectasis. Upright position is preferred to lower the work of
breathing and to improve the lung volumes. When critically ill
patients are turned for more than 40°, the incidence of nosocomial pneumonia becomes markedly reduced. The Centers
for Disease Control and Prevention strongly recommends
frequent positional changes [13].
In ventilated patients, therapeutic positioning is carried
out with the intention to mobilize the secretion, prevent ventilator-associated pneumonia, improve the lung volumes and
capacities, and facilitate weaning. The selection of therapeutic body positioning must be based on the day-to-day assessment findings and clinical reasoning. A survey in this regard
revealed that most therapists opted for a position based on
chest X-ray and auscultatory findings. Utmost care should be
taken with the lines, tubes, and catheters while positioning.
Various physiological parameters, like heart rate, fraction of
inspired oxygen (FiO2), positive end-expiratory pressure
(PEEP), intracranial pressure, and mean arterial pressure,
should also be considered [14].
CLINICAL IMPLICATIONS
Body positioning:
• Improves pulmonary function (gaseous exchange
and breathing mechanics).
• Prevents ventilator-associated pneumonia.
• Assist in airway clearance.
• Is safe and requires sound clinical judgement
by the health care providers.

Airway clearance
Chest physiotherapy
Patients admitted to critical care units, especially if mechanically ventilated, are at risk of retention of secretions.
A range of techniques are employed by therapists to prevent
the accumulation of secretions. Postural drainage therapy is
still considered as a gold standard technique to mobilize the
secretions in critically ill patients [15]. In this technique, gravityassisted positions are utilized to drain the secretions from
the peripheral to the central airways. A total of 14 positions
are used to drain the various lung segments.
Chest wall manipulations like percussion and vibration are
usually carried out in gravity-assisted positions to aid secretion
clearance. The mechanical energy produced by chest wall
manipulations is transmitted to the airways and promotes
the loosening and mobilization of secretions. It is believed
that these techniques combined with MHI and endotracheal
suctioning enhance airway clearance [16]. Mechanical chest
wall percussion may be safe to use in secretion mobilization;
it improves the ratio between partial pressure of oxygen in
arterial blood (PaO2) and FiO2 (PaO2/FiO2) and reduces the
need for oxygen [17]. Chest wall squeezing during expiration enhances airway clearance during endotracheal suctioning [18].
Ntoumenopoulos et al. [19] proved that positioning and
chest wall vibration reduced the occurrence of nosocomial
pneumonia by 31% in mechanically ventilated patients in
comparison with a control group receiving sham treatment.
In a national survey [4], 91% of Indian therapists working in
ICUs reported that they performed postural drainage therapy
in critically ill patients, which was in line with the responses by
European participants (98%). Some papers identified negative effects of percussion and vibrations.
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CLINICAL IMPLICATIONS
• Postural drainage along with chest wall manipulations
may be effective in clearing airway secretions
in ventilated patients. This is not to be considered
as a gold standard technique.
• Careful monitoring of vital signs during the procedures
improves safety and efficacy.

Manual hyperinflation and other airway clearance
techniques
During MHI, the patient is discontinued from mechanical
ventilation for a brief interval and high tidal volume is delivered
through a manual resuscitation bag. The components of MHI
include slow deep inspiration and inspiratory hold followed by
quick release. The inspiratory hold is to recruit the alveoli
through collateral ventilation. The quick release of the bag is
to increase the expiratory flow [20, 21].
In a randomized controlled trial, Patman et al. [22] analysed
the effect of MHI on lung compliance, PaO2/FiO2 ratio, and the
alveolar arterial oxygen gradient. They demonstrated a significant improvement in all the parameters when compared
with the control group. Choi and Jones [23] observed an improvement in lung mechanics after MHI when compared with
the control group. MHI was proved to be effective in reversing
atelectasis in mechanically ventilated patients.
Four different types of equipment are used most commonly as per the literature to provide MHI in ICUs: Mapleson C, Magill, Laerdal, and Air Viva. The amount of pressure
that is to be administered is not clear from literature, though
the pressure used to inflate lungs in most studies was less
than 40 cm H2O. Therefore, in view of complications, the pressure should be less than 40 cm H2O. Some authors suggested
that the use of manometer in the circuit might prevent excess
pressure. Utmost care has to be taken to ensure that PEEP
does not exceed 10 cm H2O [20, 24].
Although there is limited evidence, MHI should not be
used in patients with large emphysematous bullae or a bronchopleural fistula. Close monitoring is warranted while administering this technique since it may affect haemodynamic parameters. MHI application in Indian ICUs is not yet explored.
Other airway clearance techniques, like active cycle of
breathing technique (ACBT) and positive expiratory pressure (PEP), are found to be effective in airway clearance in
extubated patients. ACBT consists of cycles that involve
breathing control (in which the patient is directed to breathe
tidal volume), thoracic expansion, and forced expiratory technique. It was observed that ACBT prevented oxygen desaturation in patients with an acute exacerbation of chronic obstructive pulmonary disease. Our experience revealed that
this was an effective technique immediately following extubation [25].
PEP is another airway clearance technique, in which the
subject is asked to expire through resistance. The positive
pressure produced during the expiration splints the airway
from collapse and recruits airway collaterals. This mobilizes
the secretions from the peripheral to the central airways.
CLINICAL IMPLICATIONS
• Manual hyperinflation seems to be an effective
and safe method to clear airway secretions..
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Early mobilization

Neurological system

Therapists working in ICUs utilize an assortment of techniques to avert or correct pulmonary complications and thus
improve the functional status of the critically ill. The selection
of the techniques is largely based on the assessment findings
and clinical reasoning skills of the therapist. Amid all the
techniques, early mobilization gained wide attention of critical care practitioners. This section of the article explores
the importance of early mobilization in critically ill patients.
Its first part discusses the effects of immobilization on various systems and the later half presents the effects of early
mobilization and the safety issues to be considered while
mobilizing critically ill patients.

It has been observed that immobilization in critical care
units reduces the arousal level owing to altered cerebral electrical activities. Altered central nervous system activity will
affect the breathing pattern, which may have an additional
effect on the pulmonary function. Decreased postural reflexes
and sympathetic stimulation is also documented in the literature [26].

Effects of immobilization
Critically ill ICU patients are immobilized owing to many
reasons. It has been observed that the turning and repositioning happens only at an interval of more than 2 hours in
critical care units and this may not be adequate to maintain
the homeostasis. Bed rest is not benign. Immobilization affects virtually all the systems.
Cardiovascular system
Reversible myocardial dysfunction has been documented
in critically ill patients. It is sometimes associated with systolic dysfunction, segmental contraction disturbances, and
electrocardiographic changes. Some studies found decreased
left ventricular size, stroke volume, cardiac output, and peripheral vascular resistance caused by prolonged bed rest.
Physiologically, these changes may affect the coronary blood
supply. The altered venous compliance due to immobilization
will add to the risk of deep venous thrombosis and thromboembolism [26].
Pulmonary system
ICU immobilization reduces the strength of the respiratory muscles, which in turn affects the pulmonary function.
Figure 1 explains the consequences of immobilization for pulmonary function. These problems will manifold if the patient
is mechanically ventilated. Chest physiotherapy is being considered as an important adjunct in preventing pulmonary
complications in critically ill patients.

Neuromuscular system
De Jonghe et al. [27] reported that up to 33% of mechanically ventilated patients experienced clinically evident neuromuscular weakness. After a week of immobilization, the skeletal muscle strength may decrease by up to 20%, then further
increasing with time. The pathophysiology of skeletal muscle
weakness is multi-factorial in origin [28]. A therapist skilful in
neuromuscular assessment will easily identify neuromuscular impairments caused by critical illness and immobilization.
Deconditioning effects on skeletal muscles include abnormal oxygen utilization during the activities of daily living.
ICU-induced skeletal muscle weakness reduces the functional
capacity and quality of life, which is well documented in the
literature. In a study conducted by Herridge et al. [29], almost
all ARDS survivors demonstrated decreased physical function, exercise tolerance, and quality of life.
Altered skeletal muscle functions affect the integrity of
the joints, which further influences the functional activities of
the individual. Decreased bone density is also reported in immobilized patients. Critical illness myopathy and neuropathy
have been gaining attention recently [30, 31].
Other systems
The deteriorating effects of immobilization on other systems include: decreased cutaneous circulation and altered
thermoregulation; decreased glomerular filtration, urinary output, and renal stasis; constipation resulting from decreased
gut mobility; decreased insulin sensitivity and abnormal catecholamine metabolism.

Role of physiotherapy in early mobilization
The primary goal of physiotherapy as a part of ICU management is to prevent pulmonary complications and to initiate early mobilization. Traditionally, postural drainage, percussion, vibration, and simple forms of exercises are used by
physiotherapists to achieve these goals. In the middle of 1970s,
a walker with facilities to accommodate all the accessories,
including mechanical ventilator, was proposed to make possible early mobilization of critically ill patients. It was reported
that early ambulation of mechanically ventilated patients was
safe and reduced the length of mechanical ventilation, thereby
assisting in early weaning from the ventilator [32].

Possible hindering factors in ICU mobilization

V/Q – ventilation/perfusion

Figure 1. Consequences of immobilization
for pulmonary function

Therapists working in ICUs are concerned about tubing
and lines connected to the patients. In our experience, careful monitoring and precautionary measures prevent the dislodgement of tubing and other wires. It has been observed
that therapists are apprehensive of acute haemodynamic
changes due to mobilization. One should, however, keep in
mind the positive effects of early mobilization. The multiplicity
of vascular access sites is considered to be a potential barrier
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for mobilization in critically ill patients. Careful handling of the
anatomical regions of vascular access by the therapists will
prevent the detachment of the in-dwelling catheters. Prolonged use of sedation in critically ill patients may also affect
the mobilization process. Other patient-related factors, like
obesity, remain significant, too. Time constraint is an additional
element perceived as a barrier for early mobilization [33].

Practical considerations of early mobilization
In routine clinical practice, early mobilization of critically
ill patients is progressive in nature, as suggested by various
authors [2, 3, 32, 34, 35]. We followed upright sitting, sitting
at the edge of the bed, standing with support, spot marching,
and supported walking as parts of early mobilization. Passive
movements were not considered as early mobilization elements. The steps involved in our practice, designed on the
basis of previous literature, are summarized in Table 1.
Table 1. Early mobilization protocol
Phase

Steps
Sitting on the edge of the bed with or without support

1

Standing with support
Standing without support

2

3
4

4

Transfer activities with support
Initiation of walking with support
Independent transfer activities
Walking with support
Progressive ambulation

The length of mobilization is increased progressively as
per the patient’s tolerance level. Mobilization frequency is also
decided on the basis of the patient status; at least once daily
is recommended to achieve the desired effects.
Precautions to be taken while mobilizing the patients are
the following (Figure 2):
– Haemodynamic and oxygenation status should be evaluated before as well as throughout the course of mobilization.
Ventilatory parameters should be noted.
– Drainage tubes, endotracheal/tracheostomy tubes
should be secured. The mechanical ventilator and its tubing need utmost consideration.
– The arterial and venous catheters that can be disconnected temporarily and the lines that need to be present during
mobilization should be identified.
– A portable monitor should be made available to observe
the haemodynamic status during mobilization. Arm rest chair
or a wheelchair should follow the patient during the mobilization to ensure patient safety and and assistance in the
case of incompetence to complete the protocol.
– Oxygen supply should be ensured and the therapist
should be well equipped for any emergency.
Mobilization should be withheld in the occurrence of the
following conditions (Figure 2):
– Oxygen saturation < 88% during activities.
– Fall in blood pressure of more than 20 mm Hg from
baseline.
– Arrhythmias.
– Altered breathing pattern.
– Chest pain.
– Signs of intolerance.

Figure 2. Early mobilization conditions

Early mobilization in critical care unit is proved to be effective in reducing the length of ICU stay and preventing complications. In our experience, we found it very useful and
feasible to carry out. Well designed research in this regard
is considered necessary to establish a viable protocol [35].
CLINICAL IMPLICATIONS
• Early mobilization is safe in ICUs.
• Clinical reasoning and decision making
by the therapist is the key.
• Consider phase-wise mobilization.

Therapeutic exercises
Prolonged ICU stay brings about muscle weakness and
increased fatigability. Survivors of any critical illness require
more support for a long period to resume efficient performance of their daily activities. Early rehabilitation of critically ill patients has proved to be effective in reducing the
hospitalization time and dependency. Passive movements,
active exercises, progressive mobilization, and other forms
of activities utilizing a tilt table, treadmill, and bicycle are
reported in the literature [36, 37].
In a prospective randomized control study, Nava [38]
explored the effect of early pulmonary rehabilitation in patients with acute respiratory failure. A stepwise rehabilitation
protocol was followed. The study demonstrated that early
rehabilitation improved the functional autonomy when compared with the control group. Burtin et al. [39] investigated
short-term effects of early exercises in critically ill patients.
They revealed that additional exercise training by using a cycle
ergometer for 20 minutes a day produced a significant improvement in the 6-minute walk distance and quadriceps
strength. It also enhanced the subjects’ feeling of well-being.
CLINICAL IMPLICATIONS
• Early rehabilitation is feasible and effective in ICUs.
• Progressive exercise prescription in ICUs reduces the
hospital stay and may produce long-term effects.

Conclusions
Physiotherapy in the ICU or for critically ill patients plays
a significant role. The choice of technique and protocol is
individually tailored and multidimensional. But the effects of
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early physiotherapeutic rehabilitation are undoubtedly affirmative in ensuring speedy and maximal possible recovery of
patients with critical illnesses. Well designed multicentre trials
are warranted to establish physiotherapy effectiveness, especially from the perspective of developing countries.
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