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BACKGROUND

Advances in acute medicine and critical care have dramati-
cally improved short-term mortality in critically ill patients.
Innovations in intensive care units (ICUs), in therapeutic
guidelines, and in education for medical staff, have con-
tributed to saving patients who were critically ill in ICUs."?
Short-term outcomes have improved in the last two decades,
particularly in cases of sepsis,”™ but the road to reintegra-
tion for people treated in an ICU is long, and after discharge
the patients often carry a variety of burdens throughout
their lives.® Moreover, as the world population ages in both
economically advanced and developing countries, dra-
matic increases in such burdens are predicted in the coming

Post-intensive care syndrome comprises physical, cognitive, and mental impairments
in patients treated in an intensive care unit (ICU). It occurs either during the ICU stay
or following ICU discharge and is related to the patients' long-term prognosis. The
same concept also applies to pediatric patients, and it can greatly affect the mental
status of family members. In the 10years since post-intensive care syndrome was first
proposed, research has greatly expanded. Here, we summarize the recent evidence on
post-intensive care syndrome regarding its pathophysiology, epidemiology, assessment,
risk factors, prevention, and treatments. We highlight new topics, future directions, and
strategies to overcome post-intensive care syndrome among people treated in an ICU.
Clinical and basic research are still needed to elucidate the mechanistic insights and to
discover therapeutic targets and new interventions for post-intensive care syndrome.

cognitive impairment, mental impairment, physical impairment, post-intensive care syndrome

decades; in some countries, the number of older adults al-
ready outweighs the number of children.”"° This worldwide
expansion of the aging population is predicted to greatly in-
crease the demand to assist critically ill patients and ICUs.
Post-intensive care syndrome (PICS) consists of physical,
cognitive, and mental impairments that occur during the ICU
stay or following ICU or hospital discharge. It impacts upon
the long-term prognosis of patients in the ICU, and it can affect
their families. Recently, research on this subject has steadily
increased (Figure 1). Meanwhile, the coronavirus disease
2019 (COVID-19) pandemic has caused several long-term se-
quelae, so-called “long-COVID” or “post-acute COVID-19”,"
and symptoms associated with PICS." In this review article,
we therefore summarize these recent advances and update

For Affiliation refer page on 9

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and reproduction in any
medium, provided the original work is properly cited and is not used for commercial purposes.
© 2024 The Authors. Acute Medicine & Surgery published by John Wiley & Sons Australia, Ltd on behalf of Japanese Association for Acute Medicine.

Acute Med Surg. 2024;11:€929.
https://doi.org/10.1002/ams2.929

wileyonlinelibrary.com/journal/ams2 lof13


https://doi.org/10.1002/ams2.929
www.wileyonlinelibrary.com/journal/ams2
mailto:
https://orcid.org/0000-0003-3907-8537
https://orcid.org/0000-0002-2394-2688
https://orcid.org/0000-0003-3581-0890
https://orcid.org/0000-0001-7325-5512
https://orcid.org/0000-0003-1072-7089
https://orcid.org/0000-0002-6867-1420
https://orcid.org/0000-0002-7778-4355
http://creativecommons.org/licenses/by-nc/4.0/
mailto:caf55000@gmail.com

20f13 ACUTE MEDICINE
—I—Wl LEY-

INOUEET AL.

& SURGERY

35 . X
Review article

30 ® Experimental study
M Clinical study

25

3 20
k]
3
€15
5
=z

10

5

0

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

Years

FIGURE 1 Number of published PICS-related papers per year.

(Post-intensive care syndrome [Title]) OR (Post intensive care syndrome
[Title]) was searched in PubMed (https://pubmed.ncbi.nlm.nih.gov/) on
June 29th 6:00am. Articles were divided into three groups: clinical study,
experimental study, and review articles.

information on chronic pain, PICS-related disorders, and on
recent advances regarding PICS prevention and treatments.

PICS DOMAINS
Physical impairment

Among the three domains of PICS (physical impairment, cog-
nitive impairment, and affects upon mental health), physical
impairment is the most common and can be severe, greatly af-
fecting the quality of life (QOL) of critically ill patients. Within
the domain of physical impairment, ICU-acquired weakness
(ICU-AW) is a concept that encompasses critical illness-related
myopathy, polyneuropathy, polyneuromyopathy, and mus-
cle deconditioning due to disuse atrophy. ICU-AW impacts
upon long-term morbidity and mortality,">** and ICU-AW
symptoms can persist for up to 10years and frequently im-
pair QOL." Physical impairments and ICU-AW were recently
found to be closely related to muscle atrophy.'® This muscle
atrophy is caused by inflammation-induced abnormal im-
munoreactions to human organs as a systemic inflammatory
response syndrome.”” Among the immune cells, macrophages
and neutrophils are closely related to muscle atrophy; mac-
rophages release pro-inflammatory cytokines and destroy the
muscle tissue."® Similarly, neutrophil infiltration in muscle tis-
sue has been confirmed to cause muscle atrophy in sepsis,'® so
it is important to note the relationship between the immune
reaction and muscle atrophy for future intervention.

Cognitive impairment

Cognitive impairments include impaired memory, executive
function, language, attention, and visual-spatial abilities, and
these are associated with poor functioning and reduced QOL.
Possible risk factors for long-term cognitive impairments
have been reported as race, educational level, hospital type,

delirium duration, in-hospital acute stress symptoms, and
acute respiratory distress syndrome (ARDS).2*> ARDS was
associated with a highly observed decline of cognitive func-
tion of 87% at discharge, 36% at 6 months, and 30% (range
25%-45%) at 1year.”? Furthermore, a 2020 observational
study using an unsupervised machine learning methodology
reported three different types of cognitive phenotypes in pa-
tients with PICS.? First, patients with type 1 phenotype had
fewer days of opioid administration than those with type 2 or
3 phenotypes, and lower accumulated doses of opioids than
those with type 3 phenotypes. Second, patients with type 2
phenotype were mainly women, were older, and had more co-
morbidities and lower accumulated doses of sedative drugs
than those with type 3 phenotype. The patients with type 3
phenotype showed the highest levels of cognitive impairment.
It is unclear whether the phenotype of cognitive impairment
is related to the outcome, treatment, or prevention, but this
novel approach successfully classified the patterns of cogni-
tive impairment in PICS. The phenotyping approach may aid
in detection of the type of cognitive decline and could facili-
tate efficient and personalized treatment strategies.

Mental health problems in PICS

Recent data on mental health in PICS show that depression
and anxiety primarily negatively affect food intake.**° Even
12 months after intensive care, 25% of patients still have sig-
nificant appetite loss, with severity of depression an inde-
pendent factor contributing to this.* Fatigue is another topic
relevant to mental health in PICS.*”*® In the ALTOS study,*’
70% of ARDS survivors reported clinically significant fatigue
at 6 months, and 27% reported co-occurring anxiety, depres-
sion, and fatigue. Increased anxiety and depressive symptoms
were associated with greater fatigue. Patients reporting ap-
petite loss or fatigue after ICU discharge should therefore
be screened for physical and psychological disturbances. A
systematic review reported that post-ICU follow-up was as-
sociated with improved depressive symptoms, mental health-
related QOL, and PTSD symptoms.”’ However, post-ICU
follow-up has no fixed structure and is difficult to evaluate.
ICU diaries, in which ICU staff record the events of a patient's
stay in an ICU, have been shown to reduce the incidence of
mental health problems.”® However, early rehabilitation did
not significantly improve mental health-related outcomes.*

Chronic pain

Chronic pain is a major healthcare issue for people who have
been treated in an ICU.** 6 months following ICU discharge,
pain and pain requiring treatment were reported in 44% and
32% of patients, respectively,” with the shoulders being most
frequently affected. Elsewhere, pain and moderate-to-severe
pain were reported in 77% and 31% of patients, respectively,
3 months after discharge from an ICU.** Disturbance in daily
life because of pain was reported in 59% of the patients, and
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similar results were observed 12 months after discharge.
Chronic pain unrelated to the ICU stay may develop in peo-
ple who have been treated in an ICU. To address this issue, the
concept of chronic intensive care-related pain was proposed
to distinguish between chronic ICU-related and non-ICU-
related pain,” and it was observed to exist in 33.2% of people
treated in an ICU. ICU-related pain was diagnosed if the pa-
tient considered that their pain originated from the ICU stay.
The characteristics of chronic pain in people treated in an
ICU were comprehensively summarized in a recent narrative
review.”® Chronic pain is also common among the patients
with COVID-19 that were treated in an ICU.*” Approximately
50% of critical COVID-19 patients reported pain, and 38.5%
reported clinically relevant pain. Pain is common during an
ICU stay,”® and there is a substantial risk of ICU-acquired
pain becoming chronic (ICU-acquired chronic pain).
Chronic pain exacerbates physical, mental, and cognitive im-
pairments and vice versa,” and PICS becomes more compli-
cated and serious in the presence of chronic pain. Chronic
pain has been considered to be an independent entity in peo-
ple who have been treated in an ICU (Figure 2A); however, it
is closely associated with inflammatory response*® and may
have a similar pathophysiology to the physical dysfunction of
PICS. Considering chronic pain as one of the features of PICS
may therefore be both reasonable and beneficial (Figure 2B).

Post-intensive care syndrome-family

Family members of people treated in an ICU can have physical
and psychological symptoms, including anxiety, depression,

ICU-acquired

chronic pain

PICS
Physical Mental
impairments impairments
~. I el
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FIGURE 2
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PTSD, and complicated grief. These symptoms have been
termed “post-intensive care syndrome-family” (PICS-F),
and there is a prevalence rate of 20%-40%."" Family mem-
bers with scores of >8 in the anxiety and depression compo-
nents of the hospital anxiety and depression scale (HADS)
have been considered to have anxiety and depression.*> An
average score of 21.6 in the impact of event scale-revised
(IES-R) was said to indicate PTSD.*® Risk factors for PICS-F
are lower educational level, poor communication between
staff, being required to take crucial decisions, and having a
loved one who either died or was critically ill.**** To reduce
the PICS-F, clinicians should consider preventive measures,
including liberalized family presence,*® structured commu-
nication strategy,”” family support, and communication by
a trained nurse."® Impairments within families usually de-
velop beyond the psychological, such as physical and socio-
economical impairments, thus affecting quality of life.*>>
The concept of PICS-F should be extended beyond psycho-
logical impairments of the families to also include consid-
eration of physical and socioeconomical impairments.

Pediatric PICS (PICS-p)

Although studies on pediatric PICS (PICS-p) are limited, recent
data has suggested that children who survive critical illness are
at similar risk to adult patients.” A systematic review investi-
gating the outcomes of children treated in a pediatric intensive
care unit (PICU) reported that they can have physical, cogni-
tive, and psychological dysfunctions following discharge from
it.>? In another report, PICU admission-associated physical

(B)
ICU-acquired
chronic pain
PICS
Physical Mental
impairments impairments

Chronic pain

Relationship between PICS and ICU-acquired chronic pain. (A) Current concept: ICU-acquired chronic pain is independent of PICS

although partly overlapping. (B) Authors' hypothesis: ICU-acquired chronic pain is included in PICS and related to each PICS domain.



INOUEET AL.

40f13 ACUTE MEDICINE
WILEY & SURGERY

dysfunction was present at PICU discharge in 10%-36% of pa-
tients and persisted for over 2 years post-discharge in 10%-13%
of children treated in a PICU.” Elsewhere, among pediatric
patients with severe sepsis, 50.5% reportedly had acquired new
disability in overall function and 28% in cognitive function at
PICU discharge.”® In another report, both children and their
parents had high rates of acute stress and post-traumatic stress
following PICU admission.” In 2018, the concept of PICS-p
was first categorized into four domains: physical, cognitive,
emotional, and social health.?® The aspects that are particu-
larly relevant to the pediatric population include the presence
of significant variations in their baseline health status and
developmental stage, so there are therefore various recovery
trajectories. Furthermore, recognizing the impact of critical
illness on the social functioning of children and their fami-
lies, social health was added as the fourth domain in PICS-p,
because pediatric patients and their families tend to be closely
interrelated. Recent advances, including the development of
clinical practice guidelines on the prevention and management
of pain, agitation, neuromuscular blockade, and delirium in
critically ill pediatric patients with consideration of the ICU
environment and early mobility (PANDEM), are expected to
contribute to the prevention of PICS-p.”’

PICS-RELATED DISORDERS

Persistent inflammation, immunosuppression,
and catabolism syndrome

Sequelae of immune deficiency frequently occur after critical
care, wherein several infectious complications easily occur as
second hits; such an immune aspect of PICS is called persistent
inflammation, immunosuppression, and catabolism syndrome
(PIICS) (Figure 3).”>*° Once PIICS occurs, the long-term prog-
nosis of mortality and physical impairment is likely to be

Pro-inflammatory

Systemic inflammatory
response syndrome

Hyper-catabolism
Persistent inflammation

A

1st hit 2nd hit by infection

Compensatory anti-inflammatory
response syndrome

Immunosuppression

Anti-inflammatory

FIGURE 3 Concept of persistent inflammation,
immunosuppression, and catabolism syndrome (PIICS). In ICU
patients, the first hit (e.g., sepsis, trauma, and burn) causes persistent
inflammation, immunosuppression, and hyper-catabolism, thereby
leading to the likelihood of a second hit caused by the infection.

poor.*>*® The originally proposed clinical criteria for PIICS in-
cluded C-reactive protein (CRP) level, lymphocyte count, and
serum albumin concentration.'? Optimal cutoff values for the
PIICS criteria were reported as CRP level of >2mg/dL, albu-
min level of <3.0g/dL, and lymphocyte count of <800/mm’ on
Day 14 following critical care.”’ Based on these criteria, PIICS
is expected to be recognized in clinical practice. Patients with
PIICS have PICS-related symptoms including impaired activi-
ties of daily living with a prolonged ICU stay.">®> When pa-
tients were evaluated in a PICS follow-up clinic, physical PICS
was confirmed more frequently in the patients with PIICS
during the admission period.®* The association between PIICS
and PICS requires further clarification.

Prevalence of PICS

The incidence rate of PICS has been reported to be 50%-70%
at 6 months following ICU discharge.'>** Based on the com-
bined data of our study and an integrated analysis of diag-
nostic procedure®® in Japan, the annual number of patients
with PICS following sepsis is thought to be approximately
420,000. Furthermore, PICS at 3 months was related to the
significant increase in 2-year mortality in patients with sep-
sis, addressing the profound impact of PICS on the long-
term mortality of patients in the ICU.%

Risk factors for PICS

Risk factors for PICS are classified into patient backgrounds,
severity of illness, medical care, and stress from the environ-
ment (Figure 4). A meta-analysis reported that significant risk
factors of PICS were female sex, comorbid psychiatric disor-
ders, and negative ICU experiences.”” Delirium was associated
with mental impairment; older age, female sex, and higher se-
verity were each significantly associated with physical impair-
ment. To reduce the incidence of PICS, the actual content of
medical care is important because immobilization, prolonged
ventilator management, and prolonged stay in an ICU are the
possible risk factors for PICS.®" As for patient background,
frailty is a recently proposed risk factor of PICS.®® Oral frailty,
insufficient oral intake, is also possible risk factor.” As envi-
ronmental stress factors, extraordinary stimuli to the sensory
organs, such as alarm sounds and light in the ICU, should be
adjusted where possible to minimize the patients' stress.

PICS assessment

In 2020, the Society of Critical Care Medicine summarized
the PICS assessment tools.*> A strong recommendation was
Montreal cognitive assessment (MoCA) for cognition and
HADS for anxiety and depression. A weak recommenda-
tion was IES-R or IES-6 for PTSD and a 6-min walk test or
physical components of EuroQol EQ-5D-5L for physical im-
pairments. In 2023, the Japanese Society of Intensive Care
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Medicine recommended 6-min walk test, medical research
council (MRC) score, and grip strength for physical func-
tions, MoCA, Mini-Mental State Examination (MMSE), and
short memory questionnaire (SMQ) for cognitive function,
HADS, IES-R, and patient health questionnaire-9 (PHQ-9)
for mental health, Barthel Index, Instrumental Activities of
Daily Living (IADL), and Functional Independence Measure
(FIM) for the activities of daily living, and Short Form-36
(SE-36), SF-12, EQ-5D-5L, 3L, and VAS for quality of life.”
The PICS assessment tools are summarized in Table 1.

PREVENTION AND TREATMENT
LIBERATION bundle (ABCDEF bundle)

The ABCDEF bundle is composed of six different elements
of ICU care (Figure 5). This bundle is not just a collection
of the six aspects of ICU care, but a bundled care plan that
can show the maximum synergic effects when performed
together.”! The outcomes (e.g., weaning from mechanical
ventilation, pain scale, delirium, physical restraint in place,
etc.) reportedly improved as the adherence of the bundle
increased.”” Therefore, it is strongly recommended that all
six elements should be incorporated into daily ICU care.
However, there are several obstacles or barriers to simulta-
neously performing the bundle.”” The implementation of
the bundle, either as an entire bundle or an individual ele-
ment, was extremely low, despite the current recommenda-
tions on the guidelines.”* The best approach to introduce the
bundle into the ICU should be determined according to the
situation, system, and policy at the ICU. The key is thought
to be not to introduce the six elements simultaneously, but
to introduce them in a staged manner. A long-term cohort
study with a robust design of introducing the bundle care
step by step showed the staged effects of the bundle care.
Performance of the full bundle was associated with better
outcomes and the partial introduction of the bundle were
associated with better quality of ICU care.”” As an example,
element E (early mobility and exercise) may be a suitable
starter for the bundle implementation.”® In a recent study,

ACUTE MEDICINE 50f13
& SURGERY WILEY

Patients:
Age, sex, BMI, frailty, oral frailty, comorbidity,
education level, economic status

lliness
Severity of the disease, shock,
inflammation, delirium

Care
Ventilation, catheters, ECMO, CHDF, HD, tracheal
aspiration, operation, insufficient nutrition

Risk factors for PICS. Letters (P, I, C, and S) include each component shown in the figure.

TABLE 1 PICS assessment instruments.
Category Methods Features
Physical

Muscle strength  MRC score Manual muscle testing at 12 points

Handgrip Objective evaluation by handgrip
strength dynamometry
Function 6-minwalk  Limited to ambulatory patients
test
ADL Barthel index ADL independence <85
IADL 8 items, 0-8 range
FIM 13 physical and 5 cognitive items
Cognition
Cognition MoCA Mild 18-25, moderate 10-17,
severe <10
MMSE Mild <24, moderate <20,
severe <10
SMQ Cutoff <40 in 4-46 range
Mental health
Anxiety and HADS Cutoff 28 in 0-14 range
depression
Depression PHQ-9 Cutoff 210 in 0-27 range
PTSD IES-R Cutoff > average 1.6 in 04 range
1ES-6 Short version, cutoff>average 1.75
in 0-4 range
QOL
QOL EQ-5D-5L, 5 levels, 3 levels, or VAS, 0-1 range
3L, VAS
SF-36 Cut off 210 score changes in 0-100

range

Abbreviations: ADL, activities of daily living; EQ-5D-5L, Euroqol-5dimention-5
level; FIM, functional independence measure; HADS, hospital anxiety and
depression scale; IADL, instrumental ADL; IES-R, impact of event scale-revised;
MMSE, mini-mental state examination; MoCA, Montreal cognitive assessment;
MRC score, medical research council score; PCL, PTSD check list for DSM-5; PHQ,
patient health questionnaire; SF-36, short form-36 items; SMQ, short memory
questionnaire; VAS, visual analog scale.

the bundle compliance rate was not associated with PICS
prevalence, although the 6-month mortality was lower with
a higher bundle compliance rate.%> Studies with robust study
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design and statistical methods are warranted to investigate
the effect of bundle care on the long-term outcomes, such as
prognosis, functional disabilities, and quality of care.

Delirium management

Delirium is associated with increased mortality, length of ICU
stay, and medical costs.”” Delirium measurement is therefore
a current and substantial issue in the ICU setting. The most
prevalent assessment tools for screening for delirium in the
ICU are the confusion assessment method for the ICU (CAM-
ICU) and the intensive care delirium screening checklist
(ICDSC).”®” Both can assess delirium with a high accuracy
in critically ill patients, but the CAM-ICU tool may be su-
perior in ruling out patients without delirium.** Regarding
the prevention and/or treatment of delirium, several inter-
ventions are possible. As pharmacological agents, dexme-
detomidine and non-benzodiazepine sedative may be used
to prevent delirium. As non-pharmacological interventions,
maintaining good sleep hygiene, early mobility, and family
support may help improve delirium.* Adopting an unre-
stricted visiting policy for patients under ICU care may safely
reduce the incidence rate of delirium without increasing the
risks of infection from visitors.** Recently, real-time monitor-
ing of neuropsychologic condition by electroencephalography
was newly tested for detecting early dementia. The real-time
monitoring technique can immediately provide information
of waveforms or neuronal patterns associated with delirium.
In the future, delirium may be dramatically reduced by the
use of these new techniques as immediate interventions.

Early rehabilitation
Initiating rehabilitation for critically ill patients within 72h

may improve physical and cognitive function to prevent
PICS,* but the optimal rehabilitation program in the ICU

Assess, prevent and

manage pain
Both spontaneous
B awakening trials
spontaneous
breathing trials
Choice of analgesia
C and sedation

ABCDEF bundle for PICS prevention. The ABCDEF bundle includes A-F components shown in the figure.

has not reached consensus. A recent randomized control
trial clarified that an increase in active rehabilitation did not
significantly increase the number of days the patients were
alive and out of the hospital compared with the usual daily
level of rehabilitation in the ICU among adults undergoing
mechanical ventilation.** Rehabilitation was more effective
in trials where the control group received a low-dose physi-
cal rehabilitation (<5days per week),®” so there may be no
add-on benefit to active rehabilitation interventions above
the usual daily rehabilitation. In patients with difficulty in
usual early rehabilitation, neuromuscular electrical muscle
stimulation (NMES) is a possible option to safely rehabili-
tate their limbs using weak electrical current. Although crit-
ically ill patients have 10%-20% of muscle atrophy in their
limbs,'® NMES can prevent muscle atrophy.®® Furthermore,
arecent meta-analysis revealed that the use of NMES results
in a decreased occurrence of ICU-AW in patients with criti-
cal illness.*” Only one study has investigated its effect on
patient QOL; it was not different at hospital discharge.®®

Rehabilitation following discharge from ICU

Rehabilitation following ICU discharge has received much
attention.*” An expert consensus statement on physical re-
habilitation after hospital discharge included an under-
standing of PICS and recovery.”’ However, the efficacy of
home-based rehabilitation on PICS remains unclear because
there are fewer cases than those of early rehabilitation in the
ICU. A recent pilot study clarified that home-based rehabili-
tation for patients with PICS-related symptoms was feasible
and positively perceived by both patients and professionals.”"

Nutrition supports

Nutrition directly contributes to muscle volume main-
tenance and recovery,”> which is linked to attenuating
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physical impairment. As “overfeeding” in the early period
of the acute phase would be possibly harmful to the im-
mune system’> and muscles,” the “permissive underfeed-
ing” strategy is occasionally chosen. Although the number
of clinical studies investigating the effect of nutrition ther-
apy on the improvement of physical function is increasing,”
an appropriate nutrition intervention, wherein more energy
or protein was provided, was not identified to decrease the
PICS occurrence.”®®” Theoretically, nutrition alone cannot
directly contribute to physical functions and would instead
have merely synergistic effects with exercise. Combining
early mobilization and nutrition therapy has been reported
to prevent muscle volume loss in patients at ICU.”® At this
time, adequate nutritional delivery as recommended by the
current international guidelines for critical care nutrition
should be considered as a reasonable strategy to minimize
PICS. This includes energy equivalent to the 30kcal/kg/
day or full energy expenditure evaluated by indirect calo-
rimetry, and protein of 1.3 g/kg/day or >1.2 g/kg/day, to be
achieved from Days 3 to 7 of ICU admission, or at least after
Day 729100

Nursing care

Nurses can play a central role in the long-term outcomes
of patients and their families. Relaxing of visiting restric-
tions is recommended because it is expected to reduce the
incidence of patient delirium and to improve family sat-
isfaction without increasing the risks of ICU-acquired
infections.”®” Nurses may improve the psychological out-
comes for families by providing information during visits
and by encouraging family participation in patient care.'”"
Moreover, it is recommended that nurses discuss shared
decision-making with patients and their families regard-
ing goals of care and treatment plans and offer educational
advice." To ensure patient safety, physical restraint is com-
monly practiced in the ICUs, but several adverse events
have been reported.'”® Physical restraints should be mini-
mized through the use of alternative methods, including
adequate observation and communication, appropriate
sedation management, non-pharmacologic delirium care,
and adjustments to the care environment.'”»'** Follow-up
and transitions of care are important to ensure the conti-
nuity of patient and family-centered care. Recent studies
suggest that nurses' interviews with patients' families and
follow-up after discharge from the ICU may improve the
quality of life of patients and their families."®>'° Critical
care transition programs, in which ICU clinicians (includ-
ing nurses) follow-up patients on the wards after discharge
from the ICU for a few days or until clinically stable, re-
duce the risk of in-hospital mortality and could potentially
reduce the risk of ICU readmission." Establishing a system
to continue the nursing care provided in the ICU after dis-
charge from the ICU is important, although verification of
its effectiveness is required.

& SURGERY
ICU diaries

ICU diaries are typically written by medical staff or family
members to document a patient's experiences during their
stay in the ICU, and they may sometimes include photos.
Reading an ICU diary after intensive care allows patients
and their families to fill in memory gaps and to correct dis-
torted memories and delusions. Using ICU diaries resulted
in 26.3% lower PTSD scores in families of critically ill pa-
tients (95% confidence interval: 4.8% to 52.2%)."” A recent
systematic review of ICU diaries showed that ICU diaries
reduce the risk of developing anxiety, depression, and PTSD
in critically ill patients.’® Rehabilitation guidelines for PICS
prevention recommend the use of ICU diaries to reduce the
risk of psychiatric symptoms in critically ill patients.'*®

PICS round and follow-up

The concept of PICS follow-up is to provide a continuum
of care from the ICU to the ward and discharge through
multidisciplinary ward rounds and outpatient services.
Critical care transition programs, including rapid re-
sponse, medical emergency, and critical care outreach
teams, and ICU nurse liaison programs, reduce the ICU
re-admissions and improve medication safety through
medical reconciliation.'”®''® Qutpatient clinics provide
early detection and treatment of PICS; they aim to improve
quality of life by providing information, understanding
the context of life events, and providing appropriate social
services, with the ICU serving as a safety net for patients.
They also play a role in improving quality, educating, and
motivating ICU staff, understanding the patient experi-
ence, improving morale, and preventing burnout."'!'? In
the United Kingdom, to provide appropriate rehabilita-
tion or other specialist services, the national rehabilitation
guidelines published in 2009 recommended a face-to-
face review 2-3 months following ICU discharge.""? The
Society of Critical Care Medicine recommends an outpa-
tient evaluation 2-4 weeks following discharge.”’ In the
2021 UK survey, inpatient recovery and follow-up services
were performed in 72.2% of facilities with nurse-led multi-
disciplinary members, often with duration of ICU stay and
duration of mechanical ventilation as eligibility criteria.
Outpatient services were provided in 73.9% of facilities,
mostly consisting of nurses, ICU physicians, and physical
therapists.''* A practical study of a well-conducted, nurse-
led ICU follow-up program failed to show an improvement
in the patient QOL."" To date, there is insufficient evidence
of ICU follow-up services improving the PICS-related out-
comes."'® However, the physical therapy-focused models
may improve the depressive symptoms and mental health-
related QOL in the short term, whereas psychological or
medical management intervention-focused models may
improve the PTSD symptoms in the medium term.” The
InS:PIRE project is an integrated health and social care
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intervention program of 5 weeks of rehabilitation and peer
support, and improvements in anxiety and insomnia were
demonstrated."” Tailored interventions will be needed in
PICS outpatient clinics according to the pathophysiology.
Another problem is that high-risk patients with PICS do
not visit the outpatient clinic as often as high-risk patients
with PICS, and the cancelation rate is as high as half of
the patients."® It is a future challenge to accumulate evi-
dence and make recommendations on who should be tar-
geted, by whom, when, and what interventions should be
performed.

FUTURE DIRECTIONS AND
STRATEGIES OF PICS

ICU telemedicine

Telemedicine in ICU (tele-ICU) could be used in institutions
that have critical patients and insufficient intensivists. It en-
ables patient care from off-site locations 24 h a day and 7 days
a week.'"” A component of tele-ICU is the educational as-
pect for healthcare providers and standardization of care of
critically ill patients, especially outside of office hours. These
components enhance patient outcomes and provide educa-
tion opportunities.'”” Future tele-ICU systems with large
data analysis and artificial intelligence algorithms could
improve routine practice including PICS bundle and sup-
port the care of patients and their family members anywhere
in the same ICU environment, thereby preventing PICS in
critically ill patients.

Support for a return-to-work

Returning to work following ICU discharge is a serious
issue. Two systematic reviews and meta-analyses on returns-
to-work among critically ill patients indicated that delayed
return to work and unemployment were common and there
were sustained problems following intensive care treat-
ment.'*"'?* A recent meta-analysis reported that 36% of the
patients who were employed became unemployed within 1
year following the ICU discharge.'*! Factors that may be as-
sociated with returning to work may include cognitive and
physical dysfunction.'”> Furthermore, the return-to-work
rates are related not only to the patient's physical perfor-
mance but also to the national employment and disability
policies.!** A systematic review of studies on patients with
musculoskeletal and pain-related conditions and psychiat-
ric disorders reported that workplace support was related to
the return-to-work duration.'”> Workplace support includes
health-related support, return-to-work planning, case man-
agement, and job adjustments, including changes in working
hours or duties. A multifaceted rather than one-dimensional
support is thought to be effective.'”® The government and
employers must work to return people treated in an ICU to
the workplace and to provide multifaceted support.

The strategy of PICS in older adults

In recent years, there has been an increase in the number of
older patients managed in ICUs. Older adults are more sus-
ceptible to severe illness because of reduced physiological re-
serves and decreased immune function,'*® which are the risk
factors for poor outcomes in the ICU. Older patients are at par-
ticularly high risk of developing ICU-AW'¥ and can benefit
from the identification and optimization of modifiable fac-
tors related to their disability, such as optimizing nutritional
status, early mobilization, and incorporating care bundles to
reduce this risk. In the PICS bundle, early rehabilitation and
nutrition support can prevent PICS, especially in older adults.
The use of TPN during hospitalization is associated with in-
creased mortality in elderly people compared with in younger
patients,'*® so early oral or enteral nutrition is recommended
for elderly patients treated in an ICU. The incidence of cogni-
tive impairment is 1.6 times higher than normal.'*® Sleep plays
an important role in recovery, as sleep disturbances have been
shown to be associated with cognitive decline in older patients
treated in an ICU."*’ Facilitating quality sleep is important for
older patients treated in an ICU to prevent cognitive decline
and delirium. The recovery of physical function in older adults
takes a comparatively long time or is limited,'” so it is essen-
tial to target improvement in residual and compensatory func-
tions."*” Additionally, early support for families or caregivers
from the admission of the patient to the ICU is required when
independence in daily living is expected to be challenging, and
careful observation should continue after discharge.

Cooperation with the local medical community

Cooperation with local medical care providers, includ-
ing primary care,”! is important for patients in PICS and
their families as they seek to reintegrate into society. We
believe that PICS is one of the best places to follow-up on
PICS because it is the first point of contact for local resi-
dents and can provide patient-centered and family-oriented
medical care."*” In addition, medical support, such as PICS
awareness-raising activities,”> are essential for collabora-
tion with local medical services. Furthermore, the provision
of livelihood and social support from the local government,
such as the development of a service system required"** after
a PICS diagnosis, is also necessary. These types of support
should be organically linked, and the use of a community-
based integrated care system'>” that provides comprehensive
support to local residents should be specifically considered.
This effort will require cooperation with the entire com-
munity, including local governments, local healthcare pro-
viders, businesses, non-profit organizations, and residents.
The Future Directions and Strategies for PICS section of this
paper contains insights not discussed in the previous reviews
of PICS care. While there is still much to be discussed about
how to effectively collaborate with the local medical com-
munity, it is important to establish the community-based
integrated care system that includes PICS.
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TABLE 2 Future research focus in PICS.
Category Future research focus
Physical Relationship between the immune reaction
impairments and muscle atrophy
PIICS Association between PIICS and PICS requires

further clarification

Bundle care Effectiveness of bundle care on the long-term

outcomes

Delirium Impact of real-time monitoring of
neuropsychologic condition by

electroencephalography to detect delirium

Nursing care Effectiveness of nursing care system after ICU

discharge

Tele-ICU Effectiveness of tele-ICU to provide PICS

bundle and support the care of patients

Cooperation with
local medical
care

Impact of the community-based integrated
care system to prevent PICS

Abbreviation: PIICS, persistent inflammation, immunosuppression, and catabolism
syndrome.

Future research focus

The number of studies on PICS has increased over the years,
with 64 clinical studies published in 2022 alone (Figure 1).
However, most are observational studies, and there is a lack
of intervention studies. We summarized future research
focus we mentioned in clinical section in Table 2, required
to conduct intervention studies. As well as clinical interven-
tion studies, basic molecular studies are essential to elucidate
the pathophysiology and mechanisms of PICS. However,
only a few basic studies have been conducted in laboratory
animals."”**"*® In experimental models, mice that survived
after sepsis presented with physical and mental impair-
ments"*® and 1600 kDa-hyaluronan improved grip strength
after sepsis.'*® Sepsis has been demonstrated to cause neu-
trophil infiltration in the muscles leading to muscle atrophy
and weakness in mice."” Additionally, infiltrated regulatory
T and Th2 cells contribute to attenuate sepsis-associated
encephalopathy and alleviate the mental disorder by resolv-
ing the neuroinflammation in the chronic phase of sepsis."*’
Further clinical and basic research is needed to elucidate
mechanistic insights and to discover therapeutic targets and
new interventions for PICS.

CONCLUSIONS

PICS includes physical, cognitive, and mental impairments
that occur during the ICU stay or following ICU discharge,
affecting the long-term prognosis of patients at ICU. This
review summarized the recent evidence and potential strat-
egies to overcome PICS among people treated in an ICU.
It has been 10years since PICS was first proposed,'” and
further clinical and basic research are needed to elucidate

& SURGERY

mechanistic insights and discover therapeutic targets and
new interventions for PICS.
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