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ABSTRACT

Complications from immobility in
intensive care unit patients contribute
to functional decline, increased
healthcare costs, reduced quality of life
and higher post-discharge mortality.
Physical therapy focuses on promoting
recovery and preserving function, and
it may minimize the impact of these
complications. A group of Brazilian
Association of Intensive Care Medicine
physical therapy experts developed
this document that contains minimal
physical therapy recommendations
appropriate to the Brazilian real-world

clinical situation. Prevention and
treatment of atelectasis, procedures
related to the removal of secretions
and treatment of conditions related
to physical deconditioning and
functional decline are discussed.
Equally important is the consideration
that  prescribing and  executing
activities, mobilizations and exercises
are roles of the physical therapist,
whose diagnosis should precede any
intervention.

Keywords: Critical illness/
rehabilitation; Critical care; Cooperative
behavior

INTRODUCTION

The survival of critically ill patients has increased as a consequence
of technological and scientific development and interdisciplinary
cooperation. However, complications due to prolonged immobility in
the intensive care unit (ICU) contribute to functional losses, increased
healthcare costs and reduced post-discharge quality of life and
survival. ICUs from Brazil and other countries have endeavored to find
alternatives to face this challenge. Physical therapy, a science focused
on promoting functional recovery and preservation, has a prominent
role in this effort.®-

This document is proposed to guide ICU physical therapy actions
and is essentially focused on the diagnosis, prescription and execution
of measures specific to the physical therapist. It is aimed to reflect the
Brazilian real-world clinical situation and not to discuss ICU practices
usually shared with the interdisciplinary team, such as mechanical
ventilation and correlated procedures.

Often recommendations elicit resistance from some colleagues,
who may feel that their professional autonomy is being restricted.
However, these recommendations should be seen as supportive for the
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decision-making process, as they can be adapted
according to the professional’s experience.”
In summary, the recommendations are expected
to improve the patient’s care, supporting the
healthcare professional’s decisions and preserving
the professional’s autonomy.®

OBJECTIVES

To provide minimal recommendations applicable
to the Brazilian real-world clinical situation on
physical therapy in the intensive care unit specifically
in three clinical areas:

1. Prevention and treatment of atelectasis.

2. Respiratory conditions related to removal of
secretions.

3. Conditions related to physical deconditioning
and functional decline.

A number of general aspects should be considered
in addition to specific reccommendations. Prescribing
and executing activities, mobilizations and exercises
are the physical therapist’s specific roles. A physical
therapy diagnosis should precede any intervention.

PULMONARY EXPANSION THERAPY

Recommendation: The physical therapist should
identify and diagnose reduced pulmonary volume in
patients at risk.

Therapeutic resources for pulmonary expansion or
re-expansion in critically ill patients were developed
in response to the need to prevent and treat reduced
pulmonary volume. Alveolar collapse reduces lung
volume and consequently reduces residual functional
capacity (RFC). If not reversed, this situation can
cause hypoxemia and increase the risk of pulmonary
infections.?”

Pulmonary collapse is frequent in patients with
respiratory and neuromuscular diseases, in patients
restricted to bed for long periods, in intubated
mechanically ventilated patients and in patients after
either thoracic or abdominal surgery. Therefore,
expansion or re-expansion techniques may be
effective both for prophylaxis and treatment of
pulmonary collapse associated with some clinical
conditions.

Recommendation: Respiratory exercises, also
known as deep-breathing exercises and incentive
spirometry, are indicated for collaborative patients

who are able to generate large lung volumes (forced
vital capacity (FVC) above 20 mL/kg) at risk of
hypoventilation complications.

Pulmonary expansion therapy is especially aimed
at increasing pulmonary volume by increasing
the trans-pulmonary pressure gradient, either by
reducing pleural pressure or increasing intra-alveolar
pressure. Therefore, patients with spontaneous
ventilation (SV) or mechanical ventilation (MV),
either using their respiratory muscles or devices that
create positive intra-alveolar pressure, can benefit
from pulmonary expansion (Figure 1).

Pleural pressure is reduced by inspiratory muscle
More potent muscle
generate higher trans-pulmonary pressures and,
consequently, mobilize larger of air.
Respiratory exercises and incentive spirometry are
included."?

Incentive spirometry uses sustained maximal
inspiratory pressure to achieve large pulmonary
volumes, requiring visual feedback devices to

stimulate the patients to achieve the expected flows
(11,12)

contraction. contractions

volumes

or volumes.

Overend et al. reported that deep-breathing
exercises and spirometry  prevent
pulmonary complications in comparison to groups
with no physical therapy intervention during the
postoperative period after abdominal surgery.!'?

Controlled randomized trials report that respiratory
exercises and incentive spirometry are equally effective
in preventing pulmonary complications in patients
after abdominal surgery.®'%!9

incentive

Recommendation: The use of devices to generate
positive airway pressure is indicated to increase
the inspiratory volume (manual hyperinflation,
intermittent positive pressure breathing (IPPB) and
ventilator hyperinflation) and increase the residual
functional capacity (continuous positive airway
pressure (CPAP), expiratory positive airway pressure
(EPAP) and positive expiratory pressure (PEP)) in
non-cooperative patients and cooperative patients
with an FVC below 20 mL/kg.

Devices generating positive airway pressure can
be used during the inspiratory phase, during the
expiratory phase, or both. These include devices
offering IPPB, EPAP, CPAP and Bi-level ventilation
(offering two airway pressure levels)."®

Clinical use of IPPB was first described by Motley
in 1947,%7 with particular emphasis on increasing
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Pulmonary expansion therapy

Spontaneous — Mechanical
- Positioning o
ventilation ventilation
Procedures to Procedures to PEEP Hyperinflation
reduce pleural increase alveolar
pressure pressure
Respiratory Incentive Inspiratory Expiratory Inspiratory and With the
) ) . Manual .
exercises spirometry phase phase expiratoy phases ventilator

1

IPPB

CPAP Bi-level

Figure 1 — Algorithm of pulmonary expansion therapy in spontaneous ventilation and mechanical ventilation intensive care

unit patients.

PEEP - positive expiratory end pressure; IPPB - intermittent positive pressure breathing; EPAP - expiratory positive airway pressure; CPAP -

continuous positive airway pressure.

tidal volume and consequently increasing minute
volume, thereby optimizing gas exchange.!®!
Ever since, IPPB has been widely used by physical
therapists for SV patients, but its use is considered
controversial and inconsistent.?” This technique
may be used both for intubated and non-intubated
patients and consists in producing positive airway
pressure during inspiration. It can be performed
using volume, pressure, time and flow ventilators or
with a manual hyperinflator (ambu).?"

EPAP treatment consists in generating positive
airway pressure during expiration only. EPAP
devices produce expiratory flow resistance, such
as spring-loaded valves, which may be connected
to masks, mouthpieces or directly to the patient’s
artificial airway (AAW). The resulting PEEP
promotes increased pulmonary volume and alveolar
recruiting.*?

CPAP is obtained with a flow generator and can
be used for SV patients without AAW. CPAP consists
of PEEP associated with airway inspiratory flow.*?
The benefits from CPAP are widely described in the
literature and are directly related to increased alveolar
pressure and RFC. Consequently, these benefits

promote the recruitment of previously collapsed
alveoli. 420

Bi-level ventilation is a non-invasive ventilation
mode characterized by the use of two different
positive pressure levels, one during the inspiratory
and one during the expiratory phase, generating
increased pulmonary volume. Inspiratory phase
pressure is always higher than that during expiration,
allowing trans-pulmonary pressure to be increased
even if the patient does not cooperate at all.?”-*

Bi-level and CPAP are currently used for
pulmonary expansion, but bi-level should be the first
choice, as it offers two different pressure levels. CPAP
is not able to increase alveolar ventilation; therefore,
with hypercapnia, non-invasive two-pressure-level
ventilation should be preferred.®-3?

In patients with AAW, hyperinflation, either
manual or using a ventilator, promotes the expansion
of collapsed pulmonary units by increasing the
airflow to atelectatic areas via collateral pathways,
the alveolar interdependence mechanism and the
renewal of alveolar surfactant. In addition, collateral
ventilation to obstructed alveolar units favors the
displacement of pulmonary secretions from the
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peripheral to central airways, promoting atelectasis
expansion.®339 Offering larger pulmonary volumes
may increase trans-pulmonary pressure and favor
alveolar expansion and airway desobstruction.
Manual hyperinflation (MH) performed with a
manual bag consists of consecutive slow and deep
breaths, increasing the inspired volume, and is either
followed or not by an inspiratory pause and quick
pressure release.®”*® Short-term MH can improve
pulmonary compliance and resolve atelectasis.®*
Even so, hyperinflation using a mechanical
ventilator allows for increased positive inspiratory
pressure  with  controlled  pressure  levels,
incorporating the beneficial effects of PEEP and
avoiding the untoward effects of disconnection from
the mechanical ventilator.“®
The use of PEEP for pulmonary expansion is well
described in the literature and is directly related to
its improvements of gas exchange and ventilation
mechanics given its ability to generate increased
pulmonary volume and alveolar recruiting, which
increase RFC. For this aim, increasing PEEP in MV
patients is a valuable resource.??
Considering  physiological
respiratory mechanics, the positioning should be
always chosen carefully. Pulmonary expansion is
favored by regional ventilation differences, especially
in non-dependent regions. A more negative pleural
pressure allows alveoli from non-dependent regions
to have a larger volume and increased stability in
comparison with dependent-region alveoli. This
relationship should be considered during the use of
pulmonary expansion resources, either with MV or
SV, to optimize results. 47

principles  and

BRONCHIAL HYGIENE THERAPY

Recommendation: The indication of bronchial
hygiene therapy should be based on functional
diagnosis, the impact of secretion retention on
the pulmonary function, the patient’s difficulty in
expectorating, the patient’s level of cooperation
and the patient’s performance status, allowing the
professional to choose the most effective and less
harmful method to optimize operational costs and
fit the patient’s preference.

Critically ill ICU patients have a range of medical
diagnoses, but they frequently develop similar
conditions requiring physical therapy assistance.“®
MV patients have increased bronchial secretion

retention risks that are related to the functional
impact of the underlying disease or the therapeutic
intervention, either alone or in combination. These
issues include tracheal intubation, which is related
to impairment of the mucociliary system,®-

62 immobilization

rheological changes of mucus;
due to being restricted to bed;®'¥ overall weakness
leading to coughing;®¥ and fluid
restriction that may contribute to increased mucus
viscosity.®”

Bronchial hygiene therapy (BHT) is a set of
interventions to promote or support the removal
of a patient’s airway secretions. In the setting of
intensive care, these measures have been applied to
SV and MV patients.®? Several aspects should be
considered for its indication: a) functional diagnosis,
b) the impact on pulmonary function, ¢) difficulty
of expectoration, d) the patient’s level of cooperation
and performance status, e) the most effective and less
harmful intervention, f) the operational cost and g)
the patient’s preference.®”

ineffective

Recommendation: Choosing bronchial hygiene
therapy should be based on the intervention’s mode
of action and indication: increasing inspiratory
volume  (positioning, manual hyperinflation,
mobilization and respiratory exercises), increasing
expiratory flow (positioning, manual hyperinflation,
mobilization, coughing, huffing and respiratory
exercises), oscillation (percussion, vibration and
high-frequency oral oscillation) and increasing RFC
(positioning, CPAP, EPAP and PEP).

The possible BHT interventions are stratified
in this guideline considering MV patients (Figure
2) and SV patients (Figure 3).
groups were adapted from Gosselink et al. and
selected according to the mechanism of action and
indication, i.e., a) increasing inspiratory volume,
b) increasing expiratory flow, c) using oscillation
techniques and d) using RFC-increasing techniques
(Table 1).62

Positioning first-line
interventions and should be coordinated with all
other interventions. These techniques are safe and
affordable and affect muscle strength, ventilation
distribution, mucociliary clearance, oxygenation and
REC regionalization, which protects against alveolar
hyperdistension.

Intervention

and mobilization are

recommended that increase
inspiratory volume in patients with an inability

Measures are
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Bronchial hygiene therapy (BHT)

Mechanical ventilated patients
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Increase inspiratory
volume

Increase expiratory flow

Oscillation

Increase RFC

—| Positioning | —| Positioning | —| Percussion | —| Positioning |
Manual or ventilator - T
hyperinflation —| Chest compression | —| Vibration | —| PEEP |
1 Mobilizaton | |F—  Mobilizaton |
—| Cough |
| I
Manually Mechanically
assisted assisted
Manual or ventilator
hyperinflation
—{  PEEP/ZEEP |
Figure 2 — Algorithm of bronchial hygiene therapy in mechanically ventilated intensive care unit patients.
RFC - residual functional capacity; PEEP - positive end-expiratory pressure; ZEEP - zero end-expiratory pressure.
Bronchial hygiene therapy (BHT) |
I
Spontaneous ventilation patient |
| | ' | |
Increase inspiratory flow Increase expiratory flow Oscillation Increase RFC
—| Positioning —| Positioning | —| Percussion | —| Positioning |
Manual - - - -
hyperinflation —— Manual hyperinflation |~ F— Vibration | — crapEPAPIPEP |
——  Mobilization —  Mobilizaton | L— HFOO [
—| Cough
—— Respiratory exercises Org l
Manually Mechanically
assisted assisted
Coughing/ Huffing

—| Respiratory exercises |

Figure 3 — Algorithm of bronchial hygiene therapy in spontaneous ventilation intensive care unit patients.

SV - spontancous ventilation; RFC - residual functional capacity; CPAP - continue positive airway pressure; EPAP - expiratory positive airway
pressure; PEP — positive expiratory pressure; HFOO — high frequency oral oscillation.
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Table 1 — Relationship between the resources used for pulmonary expansion and bronchial hygiene therapy with the patient’s

forced vital capacity and cooperation

PET and BHT Cooperative Cooperative Cooperative Non-cooperative
FVC > 20 ml/ kg FVC 20 -10 ml/Kg FVC < 10ml / kg
Increased Positioning Positioning Positioning Positioning
inspiratory Mobilization Mobilization Manual hyperinflation Manual hyperinflation
volume MSI MSI Ventilator hyperinflation Ventilator hyperinflation
Respiratory exercise Manual hyperinflation
Ventilator hyperinflation
Increased Positioning Positioning Positioning Positioning
expiratory flow Coughing/Huffing TMA/TMecA/TEA TMA/TMecA/TEA TMA/TMecA/TEA

Manual hyperinflation
Ventilator hyperinflation

Manual hyperinflation
Ventilator hyperinflation

Manual hyperinflation
Ventilator hyperinflation

PEEP/ZEEP PEEP/ZEEP
Percussion Percussion
Vibration Vibration
Positioning Positioning

PEEP CPAP/EPAP/PEEP

Oscillation Percussion Percussion
Vibration Vibration
HFOO HFOO

Increased FRC  Positioning Positioning
Respiratory exercise CPAP/EPAP/PEP

PET - pulmonary expansion therapy; BHT - bronchial hygiene therapy; FVC - forced vital capacity; MSI - maximal sustained inspiration; CMA -
cough manually assisted; CMecA - cough mechanically assisted; CEA - cough electrically assisted; PEEP - positive end-expiratory pressure ; ZEEP -
zero end-expiratory pressure; HFOO - high frequency oral oscilation; CPAP - continuous positive airway pressure; EPAP - expiratory positive airway

pressure; PEP - positive expiratory pressure.

to generate appropriate pulmonary
for effective coughing,“5"7 as are
that promote increased expiratory flow related to
expiratory muscle dysfunction.®51,545657)

Oscillations should be used to increase airflow
and mucus interaction, which modifies secretion
viscosity by changing intra-thoracic pressures.®%¢

Resources  promoting increased RFC are
recommended for air trapping prevention and
therapy, early airway closure prevention, atelectasis
prevention and therapy, and optimization of
bronchodilators during BHT.?

BHT recommendations are shown in table 1.
Aspects related to cooperation and motivation,“>”
as well as recent data correlating the interventions’
performance and FVC, were considered.®

expansion
measures

NEUROMUSCULAR DYSFUNCTION, MUS-
CLE TRAINING AND EARLY MOBILIZATION

Recommendation: For cooperative patients, the
Medical Research Council (MRC) score, which is
used to assess peripheral muscle strength, should be
used to assess the risk of functional decline.

Technical and scientific progress in intensive care
medicine has significantly impacted the critically ill

patient’s survival, consequently increasing the time
of exposure to causative factors of neuromuscular
weakness and impacting the physical functioning
and quality of life after discharge from the
hospital.®4¢

Among these causative factors are prolonged
mechanical ventilation, restriction to bed and
clinical conditions such as sepsis,
inflammatory response syndrome (SIRS), nutrition
deficit and exposure to pharmacological agents,
such as neuromuscular blockers and corticosteroids,
that may adversely impact the functional status
and result in prolonged tracheal intubation and
hospital stay.®>®” Figure 4 shows the mechanisms
and consequences of muscle weakness in critically
ill patients.“® These factors may also increase the
likelihood of polyneuropathy, which has serious
consequences on the musculoskeletal system.©
The association of prolonged MV with the effects
of immobility results in muscle fiber loss, leading to
significant loss of respiratory and peripheral muscle
strength. Therefore, the duration of immobility will
determine the contractile dysfunction severity, due
to intrinsic muscle changes.”%”V

Recognizing and diagnosing ICU-acquired
dysfunction may be difficult

systemic

neuromuscular

Rev Bras Ter Intensiva. 2012; 24(1):6-22
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Critical patient

Bed rest

Y Reactive oxygen species |<—|

|—>| V Inflammatory cytokines | | Malnutrition

Neuromuscular
abnormalities

Muscle weakness |

I Mechanical ventilation time ! Residence time

U Quality of life

© Physical function | |

Figure 4 — Mechanisms and consequences of muscle weakness in critically ill patients.

Translated from: Truong AD, Fan E, Brower RG, Needham DM. Needham. Bench-to-bedside review:mobilizing patients in the intensive care

unit--from pathophysiology to clinical trials. Critital Care. 2009;13(4):216.

in MV patients who are sedated and unable to
cooperate with the assessment tests. Muscle
weakness is diffuse and asymmetrical, involving
both peripheral and respiratory muscles, with
variable involvement of deep tendinous reflexes
and sensitive innervation.

In sedated patients, muscle strength may be
assessed by evaluating the patient’s ability to raise a
limb in response to painful stimuli. For cooperative
patients, the MRC score (used for peripheral muscle
assessment) is quite reproducible and has a high
predictive value, as reported by several neuromuscular
assessment studies in critically ill patients. 7273

Recommendation: Knowing the functional status
before ICU admission is fundamental for physical
therapy planning.

Another relevant issue to be assessed in critically
ill patients is their functional independence before
ICU admission, which can be determined using
Barthel’s scale and the Functional Independence
Measure (FIM) scale to quantify the functional
loss during the hospitalization and better plan the
physical therapy.”*7>

Respiratory muscle

should be

dysfunction

systematically assessed by serial measurements of
inspiratory (Pimax) and expiratory muscle (Pemax)—
generated pressures, in addition to measuring the
maximal voluntary air mobilization volume using

vital capacity (VC).

Recommendation: Respiratory muscle dysfunction
should be identified by systematic serial assessment of
inspiratory (Pimax) and expiratory muscle (Pemax)—
generated pressures, in addition to measuring the
maximal voluntary air mobilization volume using
vital capacity (VC) in cooperative patients.

In addition to immobility, which causes disuse
muscle atrophy, ICU-acquired muscle weakness may
be caused by the critically ill patient’s myopathy or
polyneuropathy. As an alternative for the prevention
and treatment of these neuromuscular diseases,
physical therapy has been recommended as an
early mobilization of critically ill patient programs.
However, the literature on the uniform use of
physical therapy mobilization protocols in critically
ill patients is scarce. More studies are required that
assess its effects on pulmonary function, mechanical
ventilation weaning, quality of life, and ICU and
hospital length of stay.

Rev Bras Ter Intensiva. 2012; 24(1):6-22



Recommendations for physical therapy in critically ill adult patients

Respiratory muscle training (RMT)

Recommendation:  Mechanically  ventilated
patients should be tested daily for spontaneous
breathing. RMT should be used in patients subject
to muscle weakness and as adjuvant for patients who
fail to wean from the ventilator.

Respiratory muscle weakness is common after
prolonged MV, and its pathogenesis is similar to
peripheral muscle weakness. Respiratory muscle
weakness and, in particular, the imbalance between
muscle strength and the respiratory system load are
two of the major issues responsible for failed weaning.
RMT can be performed using a range of devices with
springs and holes that pose restrictive inspiration
loads. RMT can also be performed using the ventilator
sensitivity or by providing intermittent spontaneous
breathing or minimal ventilation support.”®

Two meta-analyses provide consistent evidence
that RMT with specific linear load devices promotes
significant respiratory muscle strength and endurance
gains, improved perception of effort, increased
6-minute walk-test distance and higher quality of
life in patients with chronic obstructive pulmonary
disease (COPD) and respiratory muscle weakness.””7®
Similar benefits are shown for this device in several
other clinical conditions.”?%

RMT is also used in clinical practice to accelerate
MV  weaning by increasing respiratory muscle
strength and endurance in MV-dependent patients.
However, only four case-series reports are available
that show the benefits of these devices in gaining
inspiratory muscle strength, increasing spontaneous
breathing time and promoting MV weaning.®>5¢)

A retrospective study by Martin et al. assessed
the benefit of RMT in association with a full-body
physical therapy program. They identified improved
peripheral and respiratory muscle strength and
a substantially improved weaning. The training
regimen included RMT twice daily with 1/3 of
Pimax load in 49 patients who were able to breath
spontaneously for more than two hours.®”

The use of the ventilator sensitivity for RMT was
described in only a single randomized controlled
trial, which used sensitivity set to 20% of Pimax
and increased it to 40% if tolerated. No inspiratory
muscle strength improvement was identified in that
study, and weaning time and re-intubation were not
impacted by this technique.®

Recently Martin et al., in a randomized clinical
trial with 69 patients who failed to wean, have shown

13

that the group undergoing RMT had respiratory
muscle strength gains and improved ventilator
weaning compared with the control group. RMT was
performed in four series of six to ten, five times a
week, at the highest tolerated daily increased pressure
level .

Using  low support
spontaneous breathing periods has been widely used
in clinical practice to mitigate ventilator-induced
muscle dysfunction, as well as for respiratory muscle
endurance training.“? Aliverti et al. (20006) assessed
nine patients with different support pressure levels
and observed that those with lower levels had a more
homogeneous respiratory muscle recruitment.®V
Futier et al. (2008), in an experimental trial in rats,
have shown that support pressure was effective to
prevent proteolysis and inhibit protein synthesis,
without changing the risk of oxidative injuries from
controlled MV.®? Although promising, this practice
has no consistent support from human studies.

Girard et al., in a randomized clinical trial with
336 patients, have shown that the group undergoing
spontaneous breathing tests associated with daily
sedation withdrawal had more ventilator-free days (14.7
versus 11.6 days; p = 0.02), a shorter ICU stay (9.1
versus 12.9 days; p = 0.01) and a shorter hospital stay
(14.9 versus 19.2; p = 0.04) compared with the control
group that underwent only sedation withdrawal.®?

ventilation levels or

Functional positioning

Recommendation: positioning is
a first-line technique that should be part of any
treatment plan.

Functional positioning can be either passive or
active and used for stimulating the musculoskeletal
system, providing benefit for autonomic control,
improving and promoting vestibular
stimulation, in addition to easing the anti-gravity
posture response. It can be used to prevent muscle
contractures and lymphatic edema and to minimize
the effects of prolonged restriction to bed.®"** It is the
physical therapist’s duty to educate all professionals
involved in the care of critically ill patients on how
to perform this type of care and to highlight its
relevance (it is as valuable as mobilization and is a
basis for other physical therapy interventions).

Functional

alertness

Electric neuromuscular stimulation

Recommendation: Electric
stimulation (ENMYS) is a resource available for use in

neuromuscular

Rev Bras Ter Intensiva. 2012; 24(1):6-22
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critically ill patients who are incapable of voluntary
muscle contractions.

ENMS is frequently used by physical therapists
in patients who are unable to voluntarily contract
muscles, such those during the acute phase of
disease. This technique improves muscle function
through the use of low-voltage stimulation of
peripheral motor nerves, providing passive muscle
contraction and increasing oxidative muscle capacity.
This technique may represent an alternative to mild
physical training.®"¢*9 ENMS has been consistently
associated with improved muscle mass, strength
and endurance in patients with a range of clinical
conditions who present with muscle weakness due
to disuse or deficient muscle innervation.®>® In
combination with physical exercise programs, ENMS
significantly improves muscle strength in comparison
with exercise alone.®”%

In chronic critically ill patients, such as patients
with congestive heart failure and chronic respiratory
failure, and particularly in patients with COPD,
ENMS has been used safely and effectively, improving
peripheral muscle strength, functional status and
quality of life.®?

Recommendation: ENMS should be used in COPD
or chronic patients to stimulate voluntary muscle
contraction and improve functional performance.

Zanotti et al. conducted a randomized clinical trial
in MV-dependent COPD patients and observed that
patients treated with both ENMS and mobilization
had improved muscle strength and a shorter time for
transference from bed to chair in comparison with
patients who were only mobilized."”

However, the best forms of ENMS treatment in
terms of the electrical currentare still to be determined.
Morphologic studies correlating improved exercise
tolerance and muscle changes following ENMS
versus conventional exercise should be conducted
in critically ill patients, particularly in patients who
develop critical illness neuromuscular disease.

Criteria and safety mechanisms for early
critically ill patient mobilization

Recommendation: Monitoring during and after
exercise is mandatory. Cardiovascular and respiratory
variables should be monitored in addition to the
consciousness level.

Early mobilization in critically ill patients was
historically used for functional recovery in World

Franca EET, Ferrari E, Fernandes B,
Cavalcanti R, Duarte A, Martinez BP et al.

War II victims. Currently, deep sedation and bed rest
are routinely used in most mechanically ventilated
patients. However, a new trend for the management
of MV patients is apparent, which includes reducing
deep sedation and starting functional physical
training as early as possible.®!°!

The European Respiratory Society and European
Society of Intensive Care Medicine taskforce has
recently proposed a hierarchy of ICU mobilization
based on an exercise intensity sequence: decubitus
change and functional positioning, passive
mobilization, assisted-active and active exertion,
cycloergonometry in bed, sitting in the bed,
orthostatism, static walking, transferring from bed
to chair, chair exertion and walking. Additionally,
the task force recommended that the physical
therapist be the healthcare professional responsible
for implementing and managing the mobilization
program.®? This treatment sequence reflects specific
training for future functional tasks.

Several studies have shown that these activities
are safe and feasible and should be started as early as
possible, i.e., immediately after major physiological
disorders, such as uncontrolled shock, are stabilized.
A well-trained and motivated team is fundamental
in safely and effectively developing these
activities.5>6¢10D

Monitoring is mandatory both during and after
exertion, and the assessment of cardiovascular (heart
rate and blood pressure) and respiratory variables
(respiratory muscle pattern, synchronism with the
ventilator if MV, peripheral oxygen saturation and
respiratory rate) is recommended. Additionally,
the consciousness level should be assessed, as
should sedative and vasoactive drug doses.!0"!
Hemodynamically unstable patients requiring high
oxygen inspired fractions (FiO,) and ventilation
support are not recommended for more aggressive
mobilization activities.®>¢¢10?

Critically ill patients’ physiological status may
widely fluctuate during the day. Additionally,
sedation, intermittent hemodialysis and assessments
and preparations for MV weaning may make
physical exertion difficult, requiring individualized
planning that is as flexible as possible and is based
on the patient’s physiological status at the time of
the activity (Figure 5).©¢

Knowing  the  patient’s  cardiorespiratory
reserve, neurological and musculoskeletal status
and functional independence before admission

Rev Bras Ter Intensiva. 2012; 24(1):6-22
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Neurological criteria: open eyes upon verbal command

Y

No

Ves / \
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Sedation protocol:

Daily interruptions

Change to bolus dosage as necessary

Use of antipsychotic drugs for psychomotor
agitation

Primary cause
CNS

Sedation

> Reassess tomorrow

Respiratory criteria:
FiO,>0.6
PEEP > 10 cmH,0 Yes for more than
Circulatory criteria: one item = Carefully assess the
New VAD within the last 2 hours therapy to be provided
Continuous vasodilator drug infusion
New anti-arrhythmic agent added
New heart ischemia episode

Y Yes for more than

one item

- Carefully assess the

Other criteria:

Hypoxemia: pulse oximetry < 88%
Tachypnea: RF> 45 rpm

Acidosis: pH< 7.25 (arterial)
Hypotension: MAP< 55mmH
Hypotension: MAP> 140mmHg No
New DVT episode

therapy to be provided

> Careful activity start

Figure 5 — Algorithm for assessment of critically ill patients candidate for training.

Translated from: Korupolu R, Gifford JM, Needham DM. Early mobilization of critically ill patients: reducing neuromuscular complications after

intensive care. Contemp Crit Care. 2009;6(9):1-12.

CNS — central nervous system; FiO, — inspired oxygen fraction; PEEP - positive expiratory end pressure; VAD - vasoactive drug ; RF - respiratory

frequency ; MAP — mean arterial pressure; DVT — deep vein thrombosis.

to the ICU is essential to maximize the safety and
effectiveness of the intensity level of the physical
therapy.©®7¢?V The Borg scale is an effective tool for
assessing exertion intensity and perception of effort
during mobilization in patients with a good cognitive
condition.®?

Increasing FiO, and ventilator support may offer
better cardiorespiratory reserve, allowing patients
to more safely perform the exercises with improved
physiological For spontaneously
breathing patients, supplementary oxygen and
non-invasive ventilation techniques can improve
cardiopulmonary function at rest, and additionally,
it can reduce the cardiorespiratory stress and

response.%?

potentiate physical exertion benefits in chronic heart
and lung disease patients."**'% In clinical practice,

this approach has been extrapolated for critically ill
patients, although no studies have investigated its
effectiveness in this population.®%

Passive mobilization and physical training

Recommendation: The physical therapist is the
healthcare professional responsible for implementing
and managing the critically ill patient’s mobilization
program.

Although immobility in bed is associated with
musculoskeletal dysfunction, no consistent evidence
is found in the literature on the effectiveness of limb
mobilization for maintaining an articular range of
motion and/or improving muscle strength.1%”

The important advantage of limb
mobilization over conventional muscle training

most
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is lower respiratory stress during passive muscle
activity. Therefore, it is more tolerable than aerobic
exertion in severely deconditioned patients and
chronic critically ill patients, although this benefit
reflects less muscle mass involvement.!'*®

Although passive mobilization alone increases
oxygen consumption by up to 15% in critically ill
patients, with significant increases in metabolic
and hemodynamic variables,"*® it should be started
early in the critically ill patient’s care, even during
the acute phase. This is particularly true in patients
unable to move spontaneously. During this phase,
passive mobilization aims to maintain joint range
of motion and prevent muscle shortening, pressure
ulcers, pulmonary thromboembolism and loss of
muscle strength by reducing muscle proteolysis.

Griffiths et al. have shown three hours of
continuous passive mobilization daily, by use of an
appropriate cycloergometer, reduced fiber atrophy
and protein loss in comparison with passive stretching
for five minutes twice daily."%”

Chiang et al. assessed the effects of physical
training in 32 prolonged-MV patients undergoing
strength and
from bed to chair and from chair to standing with
diaphragmatic exercises and observed improvements
in limb strength, functional independence and
Barthel score, resulting in MV weaning for nine
patients.!"'” Bailey et al. (2007), using a protocol of
sitting in the bed and sitting in a chair in association
with walking, observed that this routine was safe
in MV patients and that it provided improved
functional status and prevention of neuromuscular
complications.""

In a controlled clinical trial, Morris et al.
identified an early systematic mobilization protocol
that promoted reduced length of stay and reduced
ICU and hospital costs compared with patients
undergoing usual care. The protocol was considered
safe and easy to apply."'? The group undergoing
early mobilization left the bed earlier (5 vs 11
days), had a shorter stay in the ICU (5.5 vs 6.9
days) and had a shorter stay in the hospital (11.2
vs 14.5 days).

In another controlled trial, Malko¢ et al.
assessed 510 patients for the effects of physical
therapy on mechanical ventilation time and ICU
length of stay. The patients undergoing physical
therapy, consisting of respiratory physical therapy,
bed exercises and mobilization (n=227), remained

endurance training, transference

Franca EET, Ferrari E, Fernandes B,
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under MV an average of six days less and stayed an
average of 10 days less in the ICU in comparison
with the control group (n=233), which received no
physical therapy.t''?

Schweickertetal. conducted a controlled randomized
trial on a group of patients undergoing mobilization
and exercises during daily sedation withdrawals. In
the intervention group, 59% of the patients regained
functional independence by hospital discharge. In
the control group, functional independence was
observed for only 35% of the patients. MV-free time
was longer for the intervention group in comparison
with the control group.”®

Physical training is increasingly acknowledged as
an important aspect of care in critically ill patients
who require prolonged MV because it improves
pulmonary function, muscle strength and functional
independence, which accelerates the recovery process
and reduces MV time and ICU length of stay. 666941149
Physical therapy mobilization protocols range from
lower metabolic—impact exercises, such as passive
mobilization, to transferences and upper and lower
limb exercises using ergometers. 294112

Currently, no standardized guidelines are available
for physical reconditioning in critically ill patients.
However, such guidelines would be valuable because
these patients have increased mortality rates, reduced
quality of life and higher healthcare expenses
compared with other ICU patients.

Figure 6 shows a proposed work flow to establish
progressive mobilization in critically ill patients.
This protocol establishes five activity levels, starting
with passive upper and lower limb mobilization.
Progression to the next level depends on the
patient’s consciousness level. When the patient is
conscious, active limb mobilization is started (Level
2). Next, if they are able to move their upper limbs
against gravity, assisted transference to sit up in the
bed is performed, and body control and balance
exercises are started. In this level (Level 3), if the
patient has sufficient upper limb muscle strength
(MRC > 4) for elbow flexion and anterior shoulder
flexion, aerobic and/or counter-resisted exertion is
started. In this progression, if the patient is able
to perform hip flexion and knee extension against
gravity, active transference to a chair is indicated
(Level 4). Finally, if the patient is able to perform
hip flexion and knee extension against gravity,
active transference to a chair and assisted walking
commence (Level 5).
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<Admission to ICU>

Unconscious patient

\

Level 1 — Raised bed head (Fowler 60°) or passive orthostatism, passive upper and lower limbs mobilization, static
stretching and joint proprioception.

| Level 2 — Raised bed head (Fowler 60°) or passive orthostatism, active extremities movements, static stretching
~| and joint proprioception.

A

MRC > 4
Upper limbs

. | Level 3 —Raised bed head (Fowler 60°) or passive orthostatism, aerobic and/or resisted mobilization; static
stretching and joint proprioception. Transference to the bed side (body control and balance exercises).

A

MRC > 4
Lower limbs

Level 4 — Raised bed head (Fowler 60°) or orthostatism, aerobic and/or resisted mobilization; static stretching and
»| joint proprioception. Transference to the bed side (body control and balance exercises). Transference to chair.
Active orthostatism (balance and walking exercises).

A

Able to stand
without assistance

Level 5 — Raised bed head (Fowler 60°) or passive orthostatism, aerobic and/or resisted mobilization, static
»| stretching, joint proprioception. Transference to the bed side (body control and balance exercises). Transference to
chair. Active orthostatism (balance and static walking exercises). Assisted walking.

A

Figure 6 — Proposed flow chart for progressive mobilization of critically ill patients.
ICU - intensive care unit; MRC — Medical Research Council.

Rev Bras Ter Intensiva. 2012; 24(1):6-22



18

CONCLUSION

Physical therapy in critically ill patients progressively
requires physical therapists prove that they have a role
on these patients management. In most ICUs, physical
therapy is seen as integral part of the interdisciplinary team,
but the cost-effectiveness of this extensive intervention
needs to be examined. For this purpose, more randomized
clinical trials are necessary.

In addition to the physical therapist’s role in treating
airway obstruction and retention of secretion, other aspects,
related to pulmonary expansion, muscle dysfunction,
mobilization and muscle training, were considered in this
review. All of the described procedures should be under
the exclusive purview of qualified physical therapists.

The lack of systematic reviews on resources for
removal of secretions and
functional

pulmonary expansion,
interventions  for rehabilitation  was
acknowledged by the taskforce, given that most of the
recommendations lack scientific evidence. Therefore,
investigations of ICU physical therapy interventions
should be related to mechanical ventilation time, ICU
length of stay, ICU readmission, quality of life and
physical function measures. However, these randomized
controlled clinical trials are extremely expensive and
difficult to implement due to the different physical
therapy practices and variable degrees of autonomy in
different ICUs.

Finally, it is necessary to standardize the resources for
the clinical decision-making process and to clarify the

Franca EET, Ferrari E, Fernandes B,
Cavalcanti R, Duarte A, Martinez BP et al.

ICU physical therapist’s job description. ICU patients
have a range of issues, which change quickly in response to
the disease course and medical intervention. Instead of a
standardized treatment, approaches to variable conditions
may provide practical principles that can guide the
physical therapist’s action while prescribing interventions
customized to each ICU patient’s needs.

RESUMO

A incidéncia de complicagdes decorrentes dos efeitos dele-
térios da imobilidade na unidade de terapia intensiva contribui
para o declinio funcional, aumento dos custos assistenciais, re-
dugao da qualidade de vida e mortalidade pds-alta. A fisioterapia
¢ uma ciéncia capaz de promover a recuperagio e preservacio
da funcionalidade, podendo minimizar estas complicacoes. Para
nortear as condutas fisioterapéuticas nas unidades de terapia
intensiva, um grupo de especialistas reunidos pela Associacao
de Medicina Intensiva Brasileira (AMIB), desenvolveu reco-
mendacoes minimas aplicdveis a realidade brasileira. Prevencao
e tratamento de atelectasias, condigoes respiratérias relaciona-
das 4 remogio de secre¢io e condigoes relacionadas a falta de
condicionamento fisico e declinio funcional foram as trés dreas
discutidas. Além destas recomendagoes especificas, outro aspec-
to importante foi a consideragio de que a prescri¢ao e execucio
de atividades, mobilizagoes e exercicios fisicos sio do dominio
especifico do fisioterapeuta e o seu diagndstico deve preceder
qualquer intervencio.

Descritores: Estado terminal/reabilitacio; Cuidados criti-
cos; Comportamento cooperativo
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