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Post-intensive care unit (ICU) syndrome may occur after ICU treatment and includes
ICU-acquired weakness (ICU-AW), cognitive decline, and mental problems. ICU-AW
is muscle weakness in patients treated in the ICU and is affected by the period of me-
chanical ventilation. Diaphragmatic weakness may also occur because of respiratory
muscle unloading using mechanical ventilators. ICU-AW is an independent predictor of
mortality and is associated with longer duration of mechanical ventilation and hospital

stay. Diaphragm weakness is also associated with poor outcomes. Therefore, pulmo-
nary rehabilitation with early mobilization and respiratory muscle training is necessary
in the ICU after appropriate patient screening and evaluation and can improve ICU-re-
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lated muscle weakness and functional deterioration.
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Introduction

Increased survival rates after intensive care unit (ICU)
treatment owing to improved critical care technology
have increased the interest in long-term complications
after ICU treatment. A study on the survival of 109 pa-
tients who received ICU treatment for acute respiratory
distress syndrome showed that pulmonary function
recovered close to normal at 5 years. However, physi-
cal function does not return to normal, even in young
patients’. The physical, cognitive, and psychological
impairments that occur during treatment in the ICU
or after ICU discharge comprise post-intensive care
syndrome (PICS), which affects not only the long-term
prognosis of patients treated in the ICU but also their
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families®.

PICS often presents with symptoms of cognitive
decline, such as delirium, dementia, and depression;
decline in physical function, such as ICU-acquired
weakness (ICU-AW); and psychiatric disorders, such
as depression, anxiety, and post-traumatic stress syn-
drome. In addition, it affects mental health, causing
anxiety, depression, and post-traumatic stress for fami-
ly members who are guardians, as well as ICU survival.
It also affects social health, such as family social re-
sponsibility, resulting in PICS-family®*.

The ABCDE bundle is widely known to prevent PICS
and comprises: A, aawakening; B, breathing, which
means daily interruption of a mechanical ventilator and
spontaneous breathing attempt; C, ccoordination; D,
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delirium monitoring; and E, early mobility and exercise.
These are also risk factors for PICS. Recently, FGH has
been added to prevent PICS, where F indicates family
involvement, follow-up referrals, and functional recon-
ciliation; G indicates good handoff communication; and
H indicates handout material on PICS and PICS-fam-
ily*°. This bundle has beneficial effects that reduce
deep sedation, immobilization, and anxiety®’. This re-
view focuses on rehabilitation in the ICU, including ear-
ly mobilization, as a strategy for preventing and treating
PICS.

ICU-AW

ICU-AW is defined as limb muscle weakness in patients
treated in the ICU and is reported in 33% to 59.6% of
cases. ICU-AW may be due to the period of mechanical
ventilation®'°. According to a study published in 2013,
63 patients treated in the ICU who were expected to un-
dergo intubation for more than 48 hours were recruited
within 24 hours. The cross-sectional area of the thigh
muscle (rectus femoris) was measured on the 1st, 3rd,
7th, and 10th days and showed a significant reduction
of 10.3% (95% confidence interval [Cl], 6.1% to 14.5%)
on day 7 and -17.7% (95% CI, -20.9% to -4.8%) on day
10"". According to a recently published prospective ob-
servational study, 59.6% of patients showed a decrease
of 210% in the rectus femoris cross-sectional area
when comparing the 1st and 7th days of ICU admis-
sion'’. Biopsy of the skeletal muscles of patients with
prolonged critical illness revealed changes in muscle
properties. Protein synthesis at the gene expression
level decreased, and proteolysis increased'”. Muscle
atrophy continued to decline for up to 4 weeks, and the
decrease in cross-sectional area in the arms was great-
er than that in the legs'®.

The pathophysiology of ICU-AW is thought to be
caused by various factors, including microvascular
ischemia, catabolism, and immobility, which can lead
to skeletal muscle wasting. In contrast, microvascular
injury resulting in nerve ischemia, sodium channel dys-
function, and nerve mitochondrial injury can contribute
to critical illness-related neuropathy and myopathy'.

ICU-AW is commonly divided into critical illness
polyneuropathy (CIP), critical illness myopathy (CIM),
critical illness neuromyopathy (CINM), and muscle de-
conditioning'®. CIP is a symmetrical distal sensorimotor
axonal polyneuropathy that affects the limb muscles,
respiratory muscles, sensory nerves, and autonomic
nerves. Extremity weakness is observed more distal-
ly, and distal sensory impairments may occur'®. CIM
preserves sensory nerves but causes weakness in the
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limb and respiratory muscles. Similar to CIP, flaccid pa-
ralysis is noted, but muscle weakness is more severe in
the proximal than in the distal muscles'®. CIP and CIM
share certain characteristics in CINM®,

The ICU-AW diagnostic criteria were presented by
Stevens et al.? in 2009. Systemic weakness occurs af-
ter the onset of severe disease and is symmetrical and
flaccid, including both proximal and distal muscles;
however, the cranial nerves are usually preserved. It
can be diagnosed if tested twice or more over 24 hours,
and the Medical Research Council (MRC) score is <48
out of 60 points and less than 4 points for all tested
muscles. In addition, a diagnosis can be made even
when a ventilator is used, and no other existing dis-
eases can explain this weakness. The manual muscle
strength test is conducted on six muscle groups: arm
abduction, forearm flexion, wrist extension, hip flexion,
knee extension, and foot dorsiflexion. It is measured
on both sides and based on a score of 0-5, so the total
score was 60 points. A score of <48 out of 60 indicates
ICU-AW and a score of less than 36 indicates severe
ICU-AW"".

A hand-held dynamometer is a more straightforward
method, and a diagnosis is made when the weight is
<11 kg in men and <7 kg in women'®*°. However, since
these examination methods are only possible with the
patient’'s cooperation, if muscle weakness is suspected
clinically, a diagnosis of ICU-AW can be made accord-
ing to a decrease in handgrip strength and an MRC
sum score <48 after identifying whether there was
preceding muscle weakness, and if the patient’s eval-
uation was valid and reliable. If these clinical assess-
ments are unreliable, a diagnosis can be made through
objective studies such as electrophysiological studies
or muscle/nerve ultrasound?’.

Diaphragm Weakness in the ICU

As early mobilization of limb muscles is performed to
prevent immobility due to ICU-AW, respiratory muscles
also experience muscle weakness due to unloading
while using a mechanical ventilator. Muscle weakness
in the ICU does not appear in the same pattern in the
limb and respiratory muscles but occurs more rapidly
and severely. Diaphragm atrophy, a representative of
inspiratory strength, occurs rapidly in 50% of patients,
with a 20% loss in diaphragm thickness on the 3rd or
4th day after mechanical ventilation. This progresses
rapidly and more profoundly than the approximately
10% decrease in quadriceps muscle thickness in the
first week of mechanical ventilator use®”*. Diaphrag-
matic atrophy progresses rapidly without the use of
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the respiratory muscles during mechanical ventilation.
Histological results from biopsy indicate that this is
caused by increased diaphragm proteolysis during in-
activity”***. In addition to the excessive loading applied
to the diaphragm due to acute respiratory failure during
early ICU treatment and extreme muscle unloading
after mechanical ventilation, various causes such as
critical illness, polymyoneuropathy, sepsis, exposure to
pharmacological agents, malnutrition, metabolic fac-
tors, and bed rest during the entire period are thought
to contribute to this respiratory weakness®’.

Respiratory muscle weakness in the ICU does not
occur solely in the diaphragm. One study showed that
maximal expiratory pressure (MEP), an index of expi-
ratory muscle strength, decreased significantly after
mechanical ventilation in the ICU, although expiratory
muscles are mainly related to coughing rather than in-
spiratory ability?®.

As with the limb muscle test, some methods can only
be used to diagnose ICU-AW of the respiratory mus-
cles when the patient is fully cooperative, in addition
to non-volitional tests and imaging. If a patient coop-
erates, measuring maximal inspiratory pressure (MIP)
and MEP at the bedside is the best way to estimate re-
spiratory muscle strength®’. However, MIP represents
inspiratory muscle activity and is not specific to the
diaphragm. As the examination is possible only when
the patient cooperates, poor test results may be due to
poor cooperation. In addition to measuring MIP in the
ICU, diaphragm strength can be measured by transdia-
phragmatic pressure, and maximal transdiaphragmatic
pressure less than 60 cmH.0 indicates diaphragmatic
weakness. Unlike MIP, this method has the advantage
of specific measurement of the diaphragm but has the
disadvantage of requiring invasive procedures such as
esophageal and gastric balloon insertion®®*,

If the patient does not cooperate fully, non-volitional
functional tests, such as transdiaphragmatic pressure
in response to bilateral twitch phrenic nerve stimula-
tion or endotracheal tube pressure in response to bi-
lateral phrenic nerve stimulation, are performed during
airway occlusion. Recently, diaphragmatic excursion
using ultrasonography, or a method for measuring dia-
phragmatic weakness by measuring the degree of the
thickening fraction, has been widely used. Ultrasound
is easy to perform at the bedside and is noninvasive;
however, it has limited value during assisted breath-

H 28-30

ing
Risk Factors and Prognosis of ICU-AW

Risk factors for ICU-AW include sepsis in female pa-
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tients, catabolic state, multiple organ failure, systemic
inflammatory response syndrome, long-term mechan-
ical ventilation, immobility, hyperglycemia, glucocorti-
coids, and neuromuscular blocking agents'. ICU-AW
is a complication in patients treated in the ICU in the
short and long-term. Short-term complications include
increased ICU stay, increased hospitalization costs, fail-
ure to perform tracheal intubation, increased duration
of ventilator use, and swallowing disorders. Complica-
tions include increased mortality after ICU treatment,
decreased physical function, reduced discharge to
home, and increased discharge to hospitals or rehabili-
tation facilities®'.

ICU-AW showed more severe weakness in the proxi-
mal than distal muscles. The period on a ventilator and
the length of ICU stay were significantly longer, with
more deaths occurring at a follow-up of <9 months
compared to patients without ICU-AW. ICU-AW affects
long-term outcomes® and is an independent predic-
tor of mortality after ICU treatment. It is thought to be
significantly associated with low physical function in
survivors 6 months after they leave the ICU%, In addi-
tion, even after 2 years, the survival rate was signifi-
cantly lower than that of patients without ICU-AW®".
The cumulative survival rate at 1 year was significantly
lower when the MRC cutoff was 48 and significantly
lower compared to three groups in the no ICU-AW,
ICU-AW, and severe ICU-AW groups®'. Therefore, ICU-
AW is considered an independent prognostic factor of
mortality and is thought to increase the probability of
death®.

Weakness of the respiratory muscles, such as dia-
phragm atrophy, is a clinically important prognostic
factor associated with decreased diaphragm function,
increased risk of prolonged mechanical ventilation, and
poor outcomes such as reintubation and tracheosto-
my®°.

An MIP of -30 cmH,0 is the cutoff value suggesting
respiratory muscle weakness, and a less negative value
than -30 cmH,0 is associated with prolonged weaning
and weaning failure®®. Unlike ICU-AW, which occurs
in limb muscles, respiratory muscle weakness is not
related to 5-year mortality but is associated with 5-year
morbidity, such as decreased physical function, grip
strength, and walking distance®.

Pulmonary Rehabilitation in the ICU

1. Evaluation

Evaluation before rehabilitation in the ICU can be divid-
ed into three categories: assessment of disease sever-
ity, degree of sedation and delirium, and functional lev-
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els. An ICU physician mainly assesses disease severity.
The Acute Physiology and Chronic Health Evaluation Il
(APACHE II), simplified Acute Physiology Score (SAPS),
and Sepsis-related Organ Failure Assessment Score
(SOFA) are the most commonly used scores***’. The
Richmond Agitation-Sedation Scale (RASS) is most
frequently used to evaluate the degree of sedation in
patients. Scores of 0, -1, -5, +1, and +4 indicate alert-
ness, drowsiness, unarousableness, restlessness, and
combativeness, respectively. Sedated patients are
provided verbal stimulation by calling their names and
asking them to open their eyes; if there is no response,
a physical stimulus, such as shaking their shoulders or
rubbing their sternum, is administered*’. The RASS can
be evaluated quickly, and changes in sedation status
can be detected when repeatedly assessed®.

In addition, the degree of delirium should be evaluat-
ed. For this, the Confusion Assessment Method (CAM)-
ICU is mainly used. In the first step, the level of con-
sciousness was evaluated using the RASS; in the next
step, the content of consciousness was assessed to
confirm delirium®. The RASS and CAM-ICU are mainly
used to evaluate consciousness before rehabilitation
starts and are often used to determine whether or not
to receive rehabilitation treatment.

There are several evaluations of functional status,
such as the MRC manual muscle test, grip strength test
using a hand-held dynamometer, Physical Function in
Intensive care test scores (PFIT-s), Functional Status
Score for the ICU (FSS-ICU), ICU mobility scale (IMS),
and Chelsea Critical Care Physical Assessment tool****,

The PFIT-s scores the four items of shoulder flexion
and knee extension strength, sit-to-stand assistance,
and step cadence on a scale of 0-3 and scores on an
ordinal scale of 0-12. The FSS-ICU scores 0-7 points
according to the patient’s ability to perform five func-
tional items: rolling, transfer from supine to sitting,
sitting at the edge of the bed, transfer from sitting to
standing, and walking, and scores from 0 to 35. A score
of 0 indicates total inability and a score of 35 indicates
a functionally independent state. The Korean FSS-ICU
validation study was published in 2019%.

The IMS evaluates the maximum level of mobility of
ICU patients by categorizing the state of being unable
to move actively on the bed as 0 points and the state of
being able to walk independently without a walking aid
as 10 points. The IMS is divided into 11 levels accord-
ing to the level of mobility and assistance and has a
more detailed classification of mobility and assistance
levels compared to other functional assessments. The
Chelsea Critical Care Physical Assessment tool scores
10 items from 0-5, giving a total score of 50. Compared
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to other functional assessments, it is differentiated by
specific respiratory functions and cough items. These
functional evaluations indicate the functional level of
ICU patients and can be used as a guide for rehabilita-
tion treatment prescriptions.

The optimal timing for these evaluations is when
patients are awake during ICU care with or without
mechanical ventilator use, discharged from the ICU or
hospital, and during follow-up because these tests re-
quire patient cooperation.

2. Early mobilization

Daily interruption of sedation and early mobilization
of mechanically ventilated patients have been empha-
sized in the ABCDE bundle in the ICU to prevent PICS
and ICU-AW. Although there is no clear consensus on
the definition of early mobilization, mobility is thought
to mean more than edge sitting back to the bed. Some
studies defined early mobilization as mobilization with-
in 5 days after admission to the ICU®**", It is used inter-
changeably with physical therapy, early mobility, and
rehabilitation. It has been reported that improving the
patient’s mobility through physical and occupational
therapy from an early stage in such an ICU can aid re-
turn to ambulation. In addition, the impact of reducing
ICU length of stay and hospital length of stay has been
reported®***. A randomized controlled trial on the effect
of early mobilization in the ICU was first published in
2009, in which the intervention group underwent physi-
cal and occupational therapy within 72 hours of ICU ad-
mission, and the control group received usual care. The
early physical and occupational therapy intervention
groups returned to independence better than the con-
trol group. It showed significantly favorable outcomes
in terms of functional status at hospital discharge, ICU
delirium, hospital delirium, and duration of mechanical
ventilation®®. Early mobilization in the ICU results in
greater muscle strength at ICU discharge®, improved
physical function, reduced ICU and hospital stay®’,
decreased incidence of ICU-AW at hospital discharge,
increased number of patients who are able to stand,
increased number of ventilator-free days during hospi-
talization, increased distance of unassisted walking at
hospital discharge, increased discharged-to-home rate,
and improved quality of life®**°. In a recently published
randomized controlled trial, no significant difference
was observed in outcomes such as days alive, mortality
at day 180, and ventilator-free days at day 28 between
the early mobilization group and the usual care group.
Adverse events were even significantly higher in the
early mobilization group. However, the early mobili-
zation group received an average of 20.8 minutes per

https://e-trd.org/ 118



day compared to 8.8 minutes per day in the usual care
group, both of which were lower than the generally ad-
ministered ICU rehabilitation dose. Moreover, the usual
care group implemented active and high-level function-
al exercises such as active sitting, standing, transfer,
assisted walking, and independent walking. Therefore,
the observed lack of significant differences between
the groups may be attributed to the relatively low treat-
ment dose in both arms. Considering the current reality
of rehabilitation therapy in domestic settings where
most rehabilitation sessions are conducted at a pas-
sive exercise level within 10 minutes due to the lack of
specific insurance coverage for ICU rehabilitation, it is
suggested that the benefit of early mobilization com-
pared to current usual care should not be underscored
without careful consideration of trial details®.

The recently published recommendations for rehabil-
itation as a treatment method for PICS emphasize the
importance of screening critically-ill patients receiving
ICU care for more than 48 hours after leaving the ICU,
before and after rehabilitation, and even outpatients.

Recently published guidelines for PICS rehabilitation
included 16 recommendations: (1) as ought to or ought
not to are early mobilization within the first few days in
the ICU, multimodal sensory, cognitive, and emotional
stimulation for delirium prevention, and ICU diary use;
(2) as should or should not are inspiratory muscle train-
ing (IMT), standardized swallowing assessment, com-
puter-based cognitive therapy, interventions for stress
reduction, non-use of haloperidol, and psychological
intervention. Additionally, supplemental bed cycling,
wheelchair cycle ergometer training, strength training,
and electrical stimulation are considered potential ther-
apeutic options®'.

When performing rehabilitation in the ICU, the de-
gree of physiological and hemodynamic stability, ad-
equate ventilation, sedation interruption, and delirium
management should be assessed before each treat-
ment session to determine whether treatment should
be included. The screening criteria for rehabilitation
inclusion varied slightly from those reported in the liter-
ature. When a hospital plans to start ICU rehabilitation,
the inclusion/exclusion criteria should be established
first, followed by proper patient care for safety. For
rehabilitation and early mobilization, such as active-as-
sisted range of motion and active sitting without back
support, patients should be alert and able to cooperate
to some extent. In addition, since there is a possibility
of acute deterioration in the ICU, it is necessary to ob-
serve the patient’s condition daily to determine wheth-
er to treat or advance the treatment to a higher or lower
level. This highlights the importance of establishing the
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safety criteria, inclusion/exclusion criteria, and screen-
ing for every session.

After bedside active range of motion is achieved in
the supine position, early mobilization can be advanced
to the upright edge sitting, standing, transferring, and
walking positions. If any adverse event occurs during
these rehabilitation sessions, it is held once, re-eval-
uated, and treated the next day or session. Early mo-
bilization and rehabilitation in the ICU are considered
safe and feasible. The occurrence of safety events in
the mobilization/rehabilitation sessions is less than 1%
(approximately 0.6%), including hemodynamic chang-
es, tube/catheter removal, and desaturation. These ad-
verse events should immediately be corrected, and no
other treatment is required®>**%,

Respiratory Muscle Training in the ICU

As respiratory muscle weakness occurs due to respira-
tory muscle unloading through mechanical ventilator
use, selecting an appropriate ventilator support level
is important for reducing such unloading. It is crucial
to determine the inspiratory effort level within the tar-
get range that appropriately lowers the risk of poor
outcomes, diaphragm injury, sedation, and ventilator
support. This is known as diaphragm-protective ventila-
tion®®. However, the level of evidence for this is still low,
and it is not a routine practice. In addition to controlling
the inspiratory level of a mechanical ventilator, there is
IMT for improving inspiratory muscle reconditioning. In
a randomized controlled trial conducted on patients 48
hours after successful weaning, MIP was significantly
higher in the group that received IMT for 2 weeks than
in the usual care group®. A systematic review and me-
ta-analysis reported that MIP significantly increased in
patients with IMT compared to usual care®. There are
two IMT methods: pressure threshold and flow-resis-
tive loading. A practical guide published by Australian
Critical Care in 2018 explained that the flow-resistive
loading method depends on the flow generated by the
patient, making training intensity variable, depending
on effort. Therefore, using a threshold-loading device is
recommended?’.

IMT can be applied to both ventilator-dependent and
recently weaned patients, and the proper indication for
IMT application in the ICU includes the patient’s alert-
ness and cooperation and adequate range of positive
end expiratory pressure, fraction of inspired oxygen,
and respiratory rate. Owing to the possibility of fatigue
through IMT training on weak inspiratory muscles, it is
recommended to implement a low-repetition, high-in-
tensity protocol, which involves six breaths in one set,
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five sets, and an intensity of at least 50% of the MIP?’.

Conclusion

After ICU admission, functional deterioration of the
limb and respiratory muscle weakness may occur. To
prevent and treat these conditions, a multidisciplinary
team approach, including an ICU physician, rehabil-
itation physician, nurse, physical therapist, and oc-
cupational therapist, is needed in the ICU. The team
should perform screening and proper rehabilitation
intervention according to the patient’s functional ability
and limb/respiratory muscle strength when the patient
wakes up, when leaving the ICU, when discharged
from the hospital, and during follow-up in an outpatient
clinic. In the ICU, spontaneous breathing trials after
interrupting sedation are performed daily to prevent
delirium, and daily early mobilization and respiratory
muscle training are conducted to prevent and treat
muscle weakness and functional deterioration. There-
fore, active intervention is needed. Rehabilitation in ICU
care is not optional but essential.
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