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Foreword

Until relatively recently, our role as intensivists focused solely on managing patients
within the intensive care unit (ICU), with little (if any) thought about the patient’s post-
ICU discharge course. We were happy if the patient survived their critical illness and
reached a stage where they could be discharged! In recent years, however, we have begun
to be increasingly aware of the long-term outcomes of ICU patients - the physical, cog-
nitive, and/or psychological problems that are encountered by many patients for months
and even years after their ICU discharge. The psychological impact of critical illness on
family members is also a concern, with many close relatives suffering symptoms of
anxiety, posttraumatic stress, and depression for many years after the discharge of their
loved one.

Importantly, many of these post-ICU complaints could be reduced with improved
patient management during the ICU admission. Less sedation, more careful use of med-
ications known to impact long-term outcomes such as corticosteroids, earlier mobiliza-
tion, improved nutritional support, better communication, and involvement of family
members are some examples of approaches that can help limit the development and
severity of post-ICU complications and improve post-ICU quality of life. As intensivists,
we need to think not just about survival per se but also about the quality of that survival
to reflect on how our interventions may impact the health and well-being of each patient
and their family after discharge.

As the demand for intensive care increases and ICU mortality rates decreases, so the
population of ICU survivors is also increasing, carrying with it an urgent need to
heighten awareness of post-intensive care syndrome, improve our understanding of the
underlying mechanisms and causes, and determine how best to prevent and treat these
complications. This book, written by international experts in this field, is therefore an
important and timely volume and of value for all intensivists as we strive to maximize
long-term, quality-of-life outcomes for our patients and their families.

Jean-Louis Vincent, MD, PhD
Department of Intensive Care
Erasme Hospital

Université libre de Bruxelles
Brussels, Belgium
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Learning Objectives
The gradual shift in outcome objectives from pure survival to include also a variety of
quality of life indicators in survivors during the last 30 years.
Non-survival outcomes are plural and can be divided in physical, cognitive and mental
morbidity.
The common term post-ICU syndrome emerged in 2010 and includes all morbidity
with roots in a former ICU admission and includes to some extent also caregivers.
The post-ICU syndrome is frequently documented in former ICU patients.

1.1 Introduction

There is more to life than measuring death.

Intensive care or critical care is historically a young branch on the medical tree. In
Europe, most will consider the start to be during the large Polio epidemics in Northern
Europe the beginning of the 1950s. The year 1952 particularly witnessed large outbreaks
with a very high mortality rate because of a high rate of bulbar affections. This was accom-
panied by a high mortality, also in the very young polio patients. The birth of intensive
care is by many considered to be August 26, 1952. The Danish anaesthesiologist Bjorn
Ibsen demonstrated that his knowledge and skills, specifically with airway management,
ventilation and fluid therapy, rescued a young 12-year-old girl from a certain death caused
by respiratory failure [1]. Her name was Vivi, and her post-ICU trajectory is very well
documented including some evidence of her quality of life (see » Box 1.1) [2].

Also, in the USA, care of the critically ill patients developed, and Peter Safar and Max
Weill pioneered and developed intensive care further.

This chapter will describe the history and development of the various outcome
methods and research usually applied in intensive care, all leading to the current under-
standing and definition of what we today call the post-ICU syndrome (PICS).
O Figure 1.1 gives a rough overview of the timeline from 1950 with important years for
events that will be described more detailed in the text, and in the end PICS will be
described and defined.

Box 1.1: The life of Vivi After Intensive Care (Translated from B. Ibsen’s Own
Hand-written Records [2])

Until January 1953 she was manually ventilated
24/7.There followed a very lengthy recovery.
Again and again she developed atelectasis that
was treated with bronchoscopy and antibiotics.
She was still dependent on artificial ventilation.
Over the following years, different models of
respirators were tried. The technology improved
as new models were developed. It was not until
1955 that a respirator entered the market which
could support ventilation satisfactorily. Only by
then, the manual positive pressure ventilation
was no longer necessary at intervals. Vivi E.
remained, according to the record, dependent
on artificial ventilation for the rest of her life.

When she was released From Blegdams
Hospital in 1959 (!), she was bound to a
wheelchair because of quadriplegia. She
could speak, and scroll through a book with a
stick in her mouth, but needed help for eating
and the daily nursing. Vivi’s mother was
trained in the use of the respirator and Vivi
was released to her own home where she
lived with her parents. In June 1971 she was
again admitted to the Blegdams Hospital with
diabetes and a severe pneumonia. She died
after 2%2 days in the hospital from pneumo-
coccal sepsis.
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Important events in the history of the post-ICU syndrome

@ Fig. 1.1 Timeline from Bjorn Ibsen until today

1.2 In the Beginning, There Was Survival and Death

For the next two decades, intensive care was mainly concerned about getting the patients
to survive their critical illness, and hence the clinical scope was either ICU or hospital
survival. In parallel there was a rapid development of equipment, necessary to get more
patients to survive when their vital organs failed. The development of ventilators to replace
the manual ventilation performed in 1952, was rapid, and most often intensive care was
synonymous with patients on mechanical ventilation. Hence, outcome was usually con-
sidered equal to survival in the intensive care, an attitude that later was reinforced by the
first severity of disease scoring systems like APACHE and SAPS were the probability of
survival could be estimated.

Little was written, at least in the medical literature, about the fate of survivors from
intensive care, but that was to change.

1.3 The Shift in Focus on Post-ICU Outcomes

Possibly one of the first outcome papers to include a follow-up of ICU survivors during
the first year after ICU discharge was a special article in NEJM in 1976 [3]. The title
“Survival, hospitalization charges and follow-up results in critically ill patients” clearly
demonstrates a different approach to intensive care. Not only survival but also costs and
non-mortality outcomes were addressed. Patients followed a subset of admission to a
recovery room, acute care unit at Harvard Medical School in 1972-1973. Of the 226
patients in need of intensive physician and nursing care, 27% survived the first year. After
discharge, the patients were followed up at 3, 6 and 12 months. This was done by a visit to
the hospital, by telephone or by mail. They gave direct questions about the extent of recov-
ery, mental status, functional status and current patient locations. At 12 months, most of
the remaining survivors (62) were at home, but 11 were still in the hospital! They observed
the mental function to recover more quickly than physical capacity, an interesting discov-
ery that also have been observed later [4]. Forty-two per cent (26) of the one-year survi-
vors had the same functional level as before the critical illness, and 10 (16%) were in a
nursing home. The overall outcome from 1 to 12 months is summarised in 8 Fig. 1.2.
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B Fig. 1.2 Outcome first year [4]

They also demonstrated a profound negative effect on survival in the old (>65 years)
compared to younger, but they had the same profile in their non-mortality outcomes.

In this first comprehensive analysis using a broader approach to outcomes, many of
the features we observe today in our ICU survivors were in fact described!

However, this was a “lonely rider” among intensive care publications, and active
research and clinical reports from the post-ICU period were still infrequent.

In the mid-1980s, more systematic follow-up of the ICU survivors started in Liverpool,
UK, by Richard Griffiths [5]. Their experience resulted in a request from the King Fund
Panel in 1988 to highlight the needs of ICU survivors. This initiative resulted in the first
UK comprehensive study of cost and 6-month mortality and morbidity outcomes from
adult intensive care. The study revealed significant amount of post-ICU morbidity both
physical and psychological which in turn led to restriction in activities of daily life or dis-
ability in many patients [6]. Later, the report from the King Fund Panel advocated that
non-mortality outcomes should regularly be reported in ICU survivors [7], a request that
later was followed up by the National Health Service (NHS) in the UK.

In 1993, following the Liverpool experience, a dedicated ICU follow-up clinic was set up
in the UK and was one of the first in Europe. The clinic was set up in Reading and was named
Intensive After Care After Intensive Care. The clinic was run jointly by an ICU nurse and an
ICU consultant twice a month, and its costs were estimated at 1% of the ICU budget [8] (REF).

1.4 Health-Related Quality of Life (HRQol) Instruments Surveys

Until the late 1980s, HRQol was measured and reported in a non-standardised way, mak-
ing comparison between different studies difficult. Unlike the easy way of defining and
measuring death, HRQol was a more much more complex and composite outcome mea-
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sure. The emerging interest of non-mortality outcome in intensive care was doubtless influ-
enced by similar activity towards other patient populations. Clinical research aimed to
describe the outcome of patients was increasingly engaged in documenting non-mortality
outcomes, in particular in groups with a low mortality where non-mortality outcomes were
more relevant. One of the most successful initiatives was the Medical Outcomes Study and
the development of Short Form 36 (SF-36) in 1989 [9]. This is a generic HRQol question-
naire with 36 items and 8 domains and has been proven valuable in many disease condi-
tions. The questionnaire was also used in ICU survivors, first known publication that
appeared in BJA in 1995 [10], and has later been one of the more popular instruments also
in the post-ICU population, although its complexity makes it not ideal for self-completion.

Another initiative worth mentioning is the EuroQol development. The work with this
generic quality of life instrument started in 1987 with the aim to have a relevant yet simple,
genericinstrument to describe HRQol, a standardised tool and suitable for self-completion.
The group published the first development paper in 1990 [11], but the instrument was
further refined after empirical testing and was formally named EQ-5D in 1995. The instru-
ment was identified in 2004 as the preferred instrument for measuring HRQol by NICE in
the UK [12]. Lately, it is routinely used today for various patient reported outcome mea-
surement (PROM) programs because of its simplicity.

1.5 Cognitive Decline After Critical lliness

Examination of mental state have been essential in psychiatric patients for decades, and
several lengthy assessments were available in the 1970s. In 1975, a faster instrument called
the “Mini-Mental State” (MMS) examination was introduced [13]. This is a simplified
scored form of cognitive state and is composed of only 11 questions. It is fast and easy to
use and is today probably the most used screening methods for cognition as well as in the
post-ICU setting. However, it reveals no in-depth understanding and mapping of cogni-
tive dysfunction.

Cognition was definitively put on the ICU agenda with the very important research on
follow-up in patients with severe ARDS in the late 1990s and was the focus on a paper
from the USA in 1999 [14]. In that study, all 55 patients showed cognitive impairment at
hospital discharge, and 30% still had general cognitive decline at 1 year follow-up. More
than 3 out of 4 had one either impaired memory, attention, concentration or decreased
mental speed. A link to long periods of desaturation during the mechanical ventilation
and hence a neurocognitive effect of hypoxaemia was a suggested mechanism. Similar
results were found in a study from 2006, using a very different approach to cognitive test-
ing using a touch screen computer software (Cantab) enabling testing when still in the
ICU and follow through the post-ICU period [15].

A problem with studies on cognition is the very different methods used, sometimes in
anon-standardised way between studies. The traditional method of using specially trained
personnel to deliver this test on paper was used in the first study. However, availability of
neuropsychologists to perform testing is difficult and resource demanding, and is not
available for all. The development of more automated testing using laptops or tablets to
present the tests online is a huge step towards standardisation. One such instrument is
developed by researchers in Cambridge: the Cambridge Neuropsychological Test
Automated Battery (» http://www.cambridgecognition.com/) making a low-threshold
instrument available for research, even into the ICU (B Picture 1.1) [16].
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B Picture 1.1 CANTAB applied on an ICU patient. This patient is dependent on respiratory support
through a tracheostomy. The test is done bedside and accompanied only by the laptop and the investigator

1.6 Physical Impairment

Several forms of physical impairment have been described in patients surviving intensive
care. Frequently signs of such impairment have been overt already in the ICU or hospital,
but sometimes problems may develop more gradually.

1.6.1 Neuromuscular Dysfunction

First described in 1984 [17] as polyneuropathy in five patients, it has today been better
described as polyneuromyopathy, since not only nerves but also the muscles can be
involved. Today up to 50% of ICU patients have been described having one of the three
forms described [18]. Usually this development is evident in the ICU, and is a frequent
cause of slow and difficult weaning from the ventilator, and impairs mobilisation of the
patient.

1.6.2 Respiratory Dysfunction

Pulmonary tissues may also be affected directly in several diseases. Most extensively this
have been studied in ARDS survivors which was first documented in 1989 [19] when an
extensive follow-up of 41 ARDS survivors found pulmonary impairment of 18 of 27 that
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could be followed to 1 year. Most, however, suffered from mild impairments. An overview
of several prospective studies in this patient group have been published and linked
HRQOL with measurements of lung functions [20].

1.6.3 Cardiovascular Dysfunction

Surprisingly, data about cardiovascular failure after discharge from intensive care is difficult
to find. However, a study using SOFA during ICU admission revealed that mortality after
discharge was highest (OR 2.5) in the group with cardiovascular failure [21].

1.6.4 Renal Dysfunction

In the late 1990s, a more active approach to the treatment of acute kidney injury was
established. A particularly high mortality rate was found in these patients, with hospital
mortality reported from 50 to 80%. However, first in 2002 one of the first studies with the
aim to study post hospital outcomes in AKI patients was published [22]. In that study the
in-hospital mortality was high (69%), but in the survivors 50% post-hospital mortality
was reached after 5 years with a seemingly good QOL. No data for dependence of dialysis
was given. More recent data, however, reveals that AKI is a marker of a poor prognosis,
and these patients should be followed closely after discharge [23].

1.7 Post-Intensive Care Syndrome (PICS)

The united name for all chronic disabilities that may appear because of critical illness is
usually today named the post-ICU syndrome (PICS). It is important to understand that
this is not one singular disease state, and it is not even confined to former ICU patients but
also to some extent also to their caregivers. @ Figure 1.3 adapted from [24] put this into
perspective. It is unclear where and when the name PICS appeared but was used in a
multidisciplinary conference arranged by the Society of Critical Care Medicine in 2010,
which was published in 2012. Since then, PICS has been adopted by the ICU community
worldwide as the wide range of problems that often occur post-ICU discharge. There is no
official definition of this syndrome which is not listed as a Mesh-term by NCBI nor can it

@ Fig. 1.3 The post-intensive

care syndrome
PICS Mental health
ICU survivors ContlYe
dysfunction
Physical
impairments
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Burden of disease

Time

ICU admission

B Fig. 1.4 The burden of disease post-ICU. A = pre-ICU burden (co-morbidity), B = possible increase of
burden by worsening of A, C = ICU burden not returning to zero, D = ICU burden returning to zero. B and
C both represents the development of PICS

be found in the upcoming ICD-11 disease codes to be implemented in 2018. Most will
probably agree that the syndrome includes new or aggravated dysfunction(s) in physical
domain, cognitive domain and/or mental (psychiatric) domain in the period after critical
illness but not confined to a specific disorder (8 Fig. 1.4).

PICS is probably related to the increased rate of death seen in former ICU patients for
many years after discharge, but clear evidence of which elements of the PICS being the
most important is at present not revealed.

A specific focus at present is on patient reported outcomes (PROM) as well as after
intensive care. From 2009, it has been mandatory for all providers (NHS hospitals, inde-
pendent sector treatment centres, private hospitals) treating NHS patients for any of four
elective procedures to participate in the national PROM programme [25]. The concept has
rapidly been taken up by other national health care programs and has also been imple-
mented in post-intensive care setting (Sweden).

1.8 Prevention of PICS

With prevention of PICS, one must deal with the different entities that compose the syn-
drome. This was on the agenda already in the 1990s when more and more of the burden of
disease with origin from intensive care was revealed. Research on treatment and prevention
in this context is not extensive and has concentrated on some mental disorders and physical
disorders. One of the first randomised trials published was from the UK in 2003 [26]. They
found a self-help rehabilitation manual to be effective in physical recovery and reducing
depression post-ICU. The use of diaries from the ICU stay has also been shown to reduce
post-traumatic stress disorders following critical illness [27]. However, a recent meta-
analysis found little evidence for an effect of follow-up consultations in general, and
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documented overall low quality of studies are included [28]. A Cochrane review from 2015
of exercise-based intervention following intensive care likewise was unable to determine the
overall effect on functional exercise capacity or on HRQOL in ICU survivors [29].

— Take-Home Messages

The concept of post-intensive care burden has developed gradually over

20-30 years with a description of individual disease states that become apparent
in patients after discharge from the ICU.

The common name for this (regardless of the profile of diseases) is now the
post-intensive care syndrome (PICS). It may cause significant morbidity and
probably also increase the mortality in former ICU patients.

Until now there are many excellent reports on its occurrence and epidemiology,
but less is understood about the factors in play and how we can prevent and
treat it.
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Learning Objectives
Provide an approach to understanding why patients develop prolonged ICU stays
(>10 days), dividing causes into intrinsic patient characteristics, things that happen in
the ICU, and organizational failure.
Define the concept of persistent critical illness, as those patients whose “reason for
being in ICU is now more related to their ongoing critical illness than their original
reason for admission to the ICU”
Clarify how persistent critical illness is conceptually related to but not identical to the
concepts of chronic critical illness and prolonged mechanical ventilation.
Summarize existing empirical data on the population-level drivers of prolonged ICU
stay, arguing that the data are most consistent with persistent critical illness being the
most common cause in several different health systems.

Consider taking over a clinical service in an ICU. As you receive handoff of the patients,
you are told it is ICU day 11 for the patient in bed 06. What differential diagnosis will
allow you to appropriately move forward with this patient? We suggest 8 Table 2.1 as one
approach to the differential for such a patient. Broadly, this differential diagnosis can be
organized into 3 categories:

Intrinsic patient and admitting diagnostic characteristics

Things that happen during the course of critical illness

System failures

In this chapter, we will develop an approach to patients with prolonged ICU stays. First, we
will briefly sketch the system issues that make these rare patients—those with an ICU stay of
more than 10 days—worthy of consideration. Second, we will consider the patient-level dif-
ferential diagnosis of these patients, surveying the explanations that have been proffered for
them. Third, we will review the existing epidemiologic evidence asking: at a population level,
what can we say about the relative commonness of the various individual-level processes to
generate the system issues? Finally, we will speculate—and we want to be clear, these will be
frank speculations—on the potential clinical and research implications of this line of work.

2.1 The Epidemiology of Long Stays in the ICU

Prolonged intensive care unit (ICU) stays while not common are costly, increasing in
prevalence, and results in long-term morbidity [1-3]. In 2009, in the United States, it was
estimated that 380,000 cases remained in the ICU for at least 8 days with an estimated $25
billion in hospital-related costs [1]. With an aging population and advancements in criti-
cal care, more people are surviving their admitting diagnosis only to remain in the inten-
sive care unit for prolonged periods of time being subjected to the complications and
problems which can occur while being hospitalized [4]. However, once the patient is dis-
charged, the sequelae of the problems from the prolonged ICU hospitalization continue to
impact the patient and their caregivers. The mortality is higher than most malignancies in
the subsequent year (48-73%) [3, 5]. Of those who survive, many have functional and
cognitive disabilities [3, 6]. Only 20% are discharged directly home from their prolonged
ICU stay, with the majority being discharged to long-term acute care facilities (LTACs) or
subacute care rehabilitation (SAR) facilities [5].



O Table 2.1
Differential diagnosis

Intrinsic patient characteristics

Diseases with long intrinsic recovery time
Neurologic
Pulmonary
Inflammatory
Complex nursing needs

Frailty

Acute unrecoverable illness
Things that happen in the ICU
Acquired single-organ problems

Failure to wean from ventilator/muscle &
diaphragmatic weakness/prolonged
mechanical ventilation

Van den Beghe endocrinopathy
Malnutrition/protein wasting
Dynamic cascades in multiple organs

Cascading critical illness

Cascade iatrogenesis

Immunoparalysis
Organizational Failures
Bedblock

Admitting patients with unrealistic
expectations or lack of palliative care
involvement

Idiosyncratic requirements for ICU care for
certain types of care
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Differential diagnosis of patients with prolonged ICU stays

Testable implications in existing data

Long stayers concentrated in a few discrete
diagnoses

Very high mortality, older age, more comorbidity (all
present on admission) predictive of persistent critical
illness

Very high mortality

Long stayers mostly ventilated, predominantly
hypercarbic respiratory failure

Unclear population-level implications

Unclear population-level implications

Increasing irrelevance of admitting diagnosis to
prognosis with longer time in ICU

Increasing irrelevance of admitting diagnosis to
prognosis, plus measureable errors

Predominance of sepsis among later organ failures

Little difference in mortality

Very high mortality

Little difference in mortality

Diverse definitions of “prolonged” have been used across studies. A meta-analysis of 124
studies with prolonged mechanical ventilation provides an illustrative example. Inclusion
criteria for studies were “(1) mechanical ventilation for 14 days or more, (2) mechanical
ventilation with admission to a specialized ventilator weaning unit in either an acute care
hospital or a post-acute care hospital, or (3) mechanical ventilation for 96 hours or more
plus a tracheostomy procedure (i.e., diagnosis-related group [DRG] for tracheostomy for
acute respiratory failure)” [5]. In general, these definitions of “prolonged” have been based
on an expert opinion and/or the exigencies of data availability.
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Despite these variations in important details of the definition, a coherent picture
emerges: there are a modest number of patients who nonetheless require vast resources.
The math of prolonged ICU stays is ineluctable—the number of bed-days required by these
patients will be at least an order magnitude higher than the number of patients. Providers’
experiences and hospital systems’ budgets are driven by the number of bed-days.

As an example, Iwashyna et al. used a population-based and statistical definition to
identify a group of patients with prolonged ICU length of stay which they termed “persis-
tent critical illness” [7]. Such persistent critical illness patients accounted for only 5.0% of
all ICU patients in Australia and New Zealand—yet also 32.8% of all ICU bed-days and
14.6% of all hospital bed-days by ICU patients. Using the same definition, Bagshaw et al.
found that such patients accounted for 16.1% of all ICU patients in Alberta, Canada—vyet
also 54.5% of ICU bed-days and 36.3% of hospital bed-days by ICU patients [8].

2.2 Patient-Level Differential Diagnosis

Given the generality of the motivating problem—a “long” stay in the ICU—there will not
be a single cause for all such patients. As such, a broad differential diagnosis must be
considered (B Table 2.1).

2.2.1 Intrinsic Patient and Admitting Diagnostic Characteristics

The most obvious reason for a patient to have a long stay in the ICU is that there are some
admitting diagnoses that (a) take a long time from which to recover, (b) are not highly
lethal if provided contemporary supportive care, and (c) for which we lack efficacious
therapies. Common diseases with a long intrinsic recovery time include:

== Neurologic disorders: Guillain-Barré and other acute paralysis, myasthenia gravis,
traumatic brain injury, certain encephalitides, and acute demyelinating conditions

== Pulmonary: COPD exacerbations in patients with baseline poor lung function,
acute exacerbations of interstitial lung disease

= |nflammatory: severe acute pancreatitis, undrainable infections (e.g., pulmonary
abscess)

= Complex nursing needs: burns and complex wound care, prolonged withdrawal
syndromes

== Patients with unrecoverable illness: whether chronically from frailty or decom-
pensated cirrhosis or acutely, as from a relapsed hematologic malignancy despite
multiple transplant attempts

2.2.2 Things that Happen During the Course of Critical lliness

Professor Louise Rose at the American Thoracic Society in 2018 articulated a useful dis-
tinction between two different ICU-acquired mechanisms which could lead to prolonged
ICU stays: (1) chronic critical illness, where patients “experience relative clinical stability
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but continue to require prolonged ICU stay and (usually) prolonged mechanical ventila-
tion,” and (2) persistent critical illness, which, she said, is “reflected by ongoing critical
illness and some degree of instability that is no longer directly attributable to [the patient’s]
original reason for ICU admission”

As Prof. Rose identified, within chronic critical illness, a major focus of attention has
been prolonged mechanical ventilation [5]. This is most commonly attributed to muscle
weakness and diaphragmatic failure, leading to hypercarbic respiratory failure—although
the empirical basis for such attribution may be weak. More recently, the role of persistent
delirium in limiting weaning from mechanical ventilation has received attention. Nelson
et al’s influential work on chronic critical illness placed prolonged mechanical ventilation
at the center of its definition [3].

Others have emphasized distinctive pathways into chronic critical illness [9]. Van den
Berge’s work in the 1990s suggested a potentially important role for an acquired endocri-
nopathy [10]. Others have hypothesized poor attention to the early nutritional needs of
ICU patients as a driver of—not just consequence of—prolonged ICU stays. The effector
arms of such iatrogenic malnutrition may be hypothesized to be poor protein intake [11].

A contrasting possibility is that patients in the ICU are not dominated by a single fixed
lesion, either present on admission or acquired shortly thereafter. Instead, there are
patients with seemingly new problems every day. Patients with persistent critical illness
have been defined as those patients whose “reason for being in ICU is now more related to
their ongoing critical illness than their original reason for admission to the ICU A survey
of Australian and New Zealand critical care practitioners suggested that such patients
were common in their ICUs and were a source of substantial stress to such clinicians [12].
It is possible that such cascading critical illness could be caused by repeated new insults
and injuries from the lack of homeostasis, from simple bad luck, or that such cascades
could be caused by repeated errors or poor judgment by the care teams—what Hofer et al.
have termed “cascade iatrogenesis” [13]. A growing body of work suggests that immune
suppression (or “immunoparalysis”) is common after sepsis, trauma, and other severe
illnesses, and this work implies a causal role for such immune dysfunction in patients
stuck in the ICU by placing the patient at risk for the development of new sepsis [14].

2.2.3 Organizational Failures

A third class of reasons for patients to have long stays in the ICU are frank organizational
failures. For example, one reason for patients to have prolonged stays in the ICU is that the
system lacks the ability to move them out of the ICU once their critical illness is resolved.
The incidence of such “bed block” varies across systems and in its duration. Nonetheless,
patients who are merely boarding in an ICU awaiting the availability of lower intensity
care should be usefully distinguished from those truly still needing the high-level nursing
and physician care that define the ICU. Such differentiation rarely presents a challenge for
the bedside clinician—but such patients can be difficult to differentiate for the epidemi-
ologist and health services researcher.

The provision of ICU care to patients with unrealistic expectations is a second form of
system failure. The general problem is that there are patients who will die regardless of the
care they receive. There are systems that routinely fail to detect patients who have no
realistic chance of surviving critical illness despite best care and offer such patients ICU
care under illusions about its potential benefit. ICU efforts directed to an outcome that
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ICU cannot achieve will mandate prolonged periods of time in the ICU. In contrast, some
patients may be admitted to the ICU for high-intensity palliative care, in the absence of
formal units specializing in acute care of the dying. It is our opinion that such high-
intensity palliative care is an entirely appropriate use of ICU, although we suspect such
high-intensity palliation rarely is necessary for longer than a week.

A type of organizational failure is caused by hospital policies that mandate the provi-
sion of certain therapies in an ICU setting when such care can be safely provided in the
ward settings. For example, the authors have worked in hospitals that would only allow
use of noninvasive ventilation on the wards in patients who had undergone an outpatient
sleep study. As such, all other noninvasive ventilation is needed to be provided in the ICU
setting. Differentiating such patients from the persistently critically ill rarely presents a
challenge for the bedside clinician.

2.3 Single-Center Evidence on Evolution of Long Stays

There are three detailed single-center studies of patients with prolonged ICU lengths of
stay. Viglianti et al. examined 50 consecutive patients who spent at least 14 days in the
ICUs of the University of Michigan Medical Center [15]. Jeffcote et al. examined 100
patients who spent atleast 10 days in the ICU of the Austin Hospital (Melbourne, Australia),
and 100 age, sex, acute physiology and chronic health evaluation (APACHE III) score, and
Charlson comorbidity score matched controls [16]. Darvall et al. examined 72 adult
patients admitted to the ICU and who spent more than 10 days in the ICU of the Royal
Melbourne Hospital, matched on diagnostic code, gender, age within 10%, and acute
physiology and chronic health evaluation (APACHE) III risk of death within 10% [17].

In all of the detailed single-site studies, there were surprisingly high rates of successful
extubation among patients who remained in the ICU for prolonged periods of time. In the
United States, this might be attributed to selective referral of patients with simple prolonged
mechanical ventilation to long-term acute care hospitals—although Viglianti et al. argue
against this as a major source of bias. Australia has no such long-term acute care hospitals but
showed similarly high rates of successful extubation but continued ICU use. Furthermore,
among those patients in the Viglianti series who were still intubated after 14, the vast majority
remained hypoxic—defined as a PaO,/FiO, ratio of 200 or less—arguing further against sim-
ple muscle weakness as the major driver of prolonged mechanical ventilation (see 8 Fig. 2.1).

Taken together, these single-center data suggest that prolonged mechanical ventilation
is not the dominant cause of prolonged ICU stays. Instead, extubations may be common,
and many continuing intubations or reintubations appear to be caused by extrapulmonary
organ failures rather than primary respiratory drivers.

2.4 Population Impact

One might imagine a vast longitudinal cohort study, where patients are assessed in stan-
dardized ways by omniscient, highly reliable experts. On each day, each patient’s reason
for being in the ICU is unambiguously arbitrated into one of a series of mutually exclusive
categories. In the context of such an all-seeing apparatus, one might readily count the
contribution of each of the aspects of B Table 2.1 to the total population burden of pro-
longed ICU use.
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@ Fig. 2.1 Patterns of respira-
tory failure in 50 consecutive
patients with persistent critical
iliness. (From Viglianti et al.
[15]). Of the 50 patients, 16 were
consistently intubated for the
first 14 days of their ICU stay
(including via tracheostomy), 12
were extubated but reintubated
(typically several days later),

and 22 were extubated and
stayed extubated. Of those 28
still intubated on Day 14, most
patients remained hypoxic
(Pa0,/FiO, < 200), contrary to
the hypothesis that they would
primarily be hypercarbic ventila-
tor failures from deconditioning.
Only 6 of the 50 were intubated
but not hypoxic after 14 days

Not Hypoxic on Day 14, n =2

Hypoxic on Day 14, n =12

Hypoxic on Day 14,n =8

Not Hypoxic on Day 14, n =4

Neither such a vast cohort study nor such omniscient coders exist.

As such, we must consider existing fragmentary data. In 2016, Iwashyna and col-
leagues examined 1,028,235 critically ill patients from 182 ICUs across Australia and
New Zealand, hospitalized from 2000 to 2014. Consistent with Rose’s definition, they
defined persistent critical illness as occurring when a patient’s “reason for being in ICU
is now more related to their ongoing critical illness than their original reason for
admission to the ICU” They argue that “among patients still alive and in an ICU, onset
of persistent critical illness can be empirically identified as the day during critical ill-
ness beyond which admission diagnosis and physiological illness severity cease to pre-
dict outcome more accurately than do simple antecedent patient characteristics.” That
is, this cascade of new critical problems would erase the prognostic content of the
original diagnosis and admission physiology. In contrast, if persistent critical illnesses
were rare and stable chronic critical illnesses were the dominant factor, then, they
argued, differences between patients’ outcomes would remain based on their admission
diagnosis. Bagshaw et al. conducted parallel and independent analyses on the 17,783
patients admitted to 12 ICUs from Alberta, Canada, between June 2012 and December
2014.

In both cases, it was found that at approximately after 10 days in the ICU (after 10 in
Australia and New Zealand; after 9 in Alberta), the hypothesized population-level transi-
tion of persistent critical illness occurred (see @ Fig. 2.2). This suggests that for most
patients still in the ICU, sometime during the first 2 weeks, new dynamic cascades become
the major driver of patients stays. In both systems, these patients account for enormous
numbers of ICU bed-days. These core population-based findings have been replicated in
analyses—unpublished as of the time of this writing but presented at the 2017 American
Thoracic Society International Conference [18]—from both the Veterans Affairs system of
120 hospitals in the United States and in a Scotland-wide database.

Supporting the argument that these prolonged stays are driven by new cascades,
Viglianti has shown with colleagues in two different systems that it is very difficult to
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O Fig.2.2 Parallel crossovers in Australia, New Zealand, and Alberta, Canada. Predictiveness of diag-
nosis and severity of illness at ICU admission as compared to antecedent characteristics for hospital
mortality. Shaded areas are 95% confidence intervals. (From Iwashyna et al. [7] and Bagshaw et al. [8]).
a Australia and New Zealand. b Alberta, Canada

predict at admission which patients will develop persistent critical illness [15, 19]. She has
further shown that potentially hypothesized predictors, e.g., age and comorbidity, are not
in face particularly predictive.

Further supporting this “new cascading events” interpretation are several items from
the hospital case series. Viglianti showed that only 22% of patients did not develop a new
organ failure on day 4 or later—and the median patient experienced 2 new organ failures
between days 4 and 14. Darvall used structured criteria to define why the patient was still
in the ICU; they report that the original illness was no longer a cause for continued ICU
stay after a median (IQR) of 10 (7-16) days.
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These data show that across multiple systems, the broad timing of onset of persistent
critical illness is similar; yet they also suggest that there is system-level variation in inci-
dence and survival of patients with persistent critical illness. This variation strongly suggests
that the incidence of persistent critical illness can be influenced by care practices—although
it is not yet known which. Further, it is not known to which extent the higher incidence of
persistent critical illness might be termed a “winner’s curse,” the result of high-quality criti-
cal care that saves more people, some of them imperfectly. Alternatively, persistent critical
illness might be the result of poor-quality critical care, from incomplete initial resuscitations
to recurrent iatrogenic events; such questions are urgently in need of answer.

2.5 Other Observations Regarding Drivers of Prolonged
ICU Stays

Population data argue against organizational failure alone as a major reason for prolonged
ICU stays. In particular, if the major reasons for prolonged ICU length of stay were simply
continuing to provide care to patients with unsurvivable illness, we would expect their
short-term mortality to be quite high—perhaps 75% or more within 90 days of hospital
admission. In contrast, if patients remained in the ICU merely because of bed block, we
would expect little difference in their mortality compared to shorter-stay patients. Instead,
the population-based data, particularly from the US Department of Veterans Affairs, show
neither extreme. There is a substantial post-ICU discharge mortality—and higher than
among patients with shorter stays—but nothing that would rise to the level of “futile” care
or inevitable death.

2.6 Implications of a Persistent Critical lliness Framework

These data suggest that many patients experience persistent critical illness, defined in the
sense of experiencing multiple new and cascading problems. In particular, it appears that
a major driver at the population level of why patients remain in the ICU is cascading new
critical illnesses rather than simple prolonged mechanical ventilation from hypercarbic
respiratory failure, failure of presenting complaints to heal, or organizational failures. This
has certain implications for both research and the practicing clinician.

In regard to research, a crucial question is whether these cascades are patterned in
specific ways. The alternative hypothesis is that such cascades are simply a random aggre-
gation of unlucky events—formally, a Markovian process. If there are specific patterns
across organs over time, empirically identifying these regularities might offer deep insights
into the structure of multi-organ interdependencies. These would be of prognostic value
and might suggest specific subsequences (“motifs”) that are highly predictive of adverse
events. Such motifs might prove key to a reliable bedside definition of persistent critical
illness—and to identifying patients at the cusp of such cascades who would benefit from
intensive salvage therapy.

Until such research is done, clinicians must nonetheless care for these patients. A sur-
vey suggested that there is a wide range of feasible interventions that clinicians may already
be attempting at the bedside [12]. These include aggressive sepsis prevention and control
efforts; integrated communication and continuity of care programs, and early mobiliza-
tion and delirium reduction.
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Yet perhaps the most important clinical implication of this work is to remember the
dynamism of critically ill patients. As a field, we have come to love the metaphor of the
“golden hour” When this metaphor motivates prompt early recognition and life-saving
intervention, it is valuable. However, an unintended consequence of the focus on early
resuscitation can be to imagine that only the first hours are interesting and dynamic—that
the rest of the course of critical illness is only playing out of problems established in that
early period. Such a focus exclusively on early resuscitation can lead to inappropriate
anchoring and premature diagnostic closure. The persistent critical illness framework
reminds us that patients can have new golden hours each day, and constant vigilance is
indicated [20, 21].

— Take Home Messages

The differential diagnosis of prolonged ICU stays includes intrinsic patient and
admitting diagnostic characteristics, things that happen during the course of
critical illness, and organizational failures.

Existing data suggest that dynamic development of cascading new problems (so
called “persistent critical illness”) is a major driver at the population level.

Many patients with prolonged ICU stays do not have persistent respiratory
failure; prolonged mechanical ventilation is only a subset of chronic critical
illness.
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Learning Objectives

Intensive Care Unit Acquired Weakness, a well recognized complication of critical illness,
is caused by dysfunction of the neural axis and/or skeletal muscle. It increases ICU and
hospital mortality and in the ICU survivor is associated with sustained physical disability,
substantially increased health resource utilization and health care costs. To date, there is
no intervention that can universally and consistently prevent weakness during critical ill-
ness, or enhance its recovery following ICU discharge to improve physical function. The
pathophysiology of ICUAW is complex and heterogeneous. This chapter focuses on our
current understanding of the pathophysiology driving critical illness myopathy. It reviews
the biology behind skeletal muscle loss and dysfunction that occurs in the ICU and can
persist in the critical illness survivor. Muscle wasting is a multifactorial process induced by
increased muscle proteolysis and decreased protein synthesis in the early phase of criti-
cal illness, and the cellular processes and molecular signaling networks responsible will be
discussed. Similarly, the biologic processes underpinning impaired muscle contractility are
highlighted. The durable impact of critical iliness on skeletal muscle biology and the mech-
anisms resulting in sustained muscle wasting following ICU discharge are also discussed.
Current and potential future therapeutic approaches to the prevention and treatment of
muscle dysfunction in critical illness and after illness resolution, are proposed.

3.1 Introduction to the Chapter

Intensive care unit-acquired weakness (ICUAW) is a devastating and increasingly com-
mon complication of critical illness, exceeding a prevalence of over 70% in certain patient
population subgroups [1, 2]. Critical illness polyneuropathy (CIP) and/or critical illness
myopathy (CIM) comprise ICUAW. Increased patient age, longer duration of ICU stay,
sepsis, systemic corticosteroids, female sex, and prolonged sedation are all risk factors for
ICUAW development [3-6]. The severity of presentation can vary, with reports of complete
quadriplegia in extreme cases [7]. Overall, in the short term ICUAW is associated with
increased hospital and 1-year mortality [8]. In the long term, weakness can persist result-
ing in sustained physical functional disability that compromises quality of life, increases
health resource utilization and health care costs, and additionally negatively impacts the
survivors’ family/caregiver [1, 9-11]. This chapter addresses the skeletal muscle wasting
and impairment of contractile function that contributes to ICUAW.

3.2 Impact of Muscle Wasting and Dysfunction in the ICU
and Following Discharge

Acute skeletal muscle wasting and impaired contractile function occurs rapidly and early
in critical illness, resulting in marked weakness [12, 13]. A multitude of independent risk
factors present in the ICU have the capacity to induce muscle wasting and dysfunction
including prolonged bedrest and inactivity, systemic and intramuscular inflammation,
energy and oxidative stress, neurologic damage, and electrical silencing of the muscle
through heavy sedation and neuromuscular blockade [14-16]. Weakness prolongs the
duration of mechanical ventilation and ICU stay and is associated with increased ICU
mortality. There is marked variability in the recovery potential of skeletal muscle follow-
ing critical illness resolution—a proportion of survivors will suffer long-term weakness,
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while others may expect full to near-complete recovery [1, 9]. The first 3-6 months fol-
lowing ICU discharge are critical, as this is the time frame within which the vast major-
ity of physical functional recovery occurs, before plateauing by 1 year. The physiology
underlying the persistent muscle weakness is varied, with some survivors predominantly
manifesting sustained muscle wasting, while others regain and normalize muscle mass,
but contractility remains diminished [17].

Pre-admission health and functional status, duration of ICU stay, and age all appear
to be important risk prognosticators for resilience and long-term functional outcomes
following critical illness. We have recently demonstrated that in a population of medi-
cal and surgical ICU survivors, discrete disability risk groups are evident, indicated by
the functional dependency (total FIM) score calculated at 7 days post ICU discharge [1].
Furthermore, the extent of disability at 7 days post ICU discharge dictates the patients’
1-year mortality and recovery trajectory including ICU and hospital readmission, and
subspecialty care use in the first year following ICU discharge. Essentially, critically ill
patients younger than 42 years of age who require ICU level care for just or less than
2 weeks will regain normal physical functional status. For example, over 90% of these
individuals will be able to bathe and dress independently, and climb stairs 1 year following
ICU discharge. In contrast, patients 64 years of age and older, who required ICU care for
longer than 2 weeks, were much more likely to demonstrate significant long-term func-
tional dependencies; less than 50% of this cohort were able to bathe, dress, or climb stairs
at 1 year after ICU discharge. Poor pre-morbid health status and physical performance
have similarly been demonstrated to predict poor physical functional capacity 6 months
post ICU discharge [18].

3.3 Muscle Pathology and Mechanisms of Muscle Wasting
and Dysfunction

3.3.1 Muscle Pathology

Myopathic changes in CIM include variable degrees of muscle necrosis [19, 20] and myofi-
ber atrophy [17, 21]. The absence of histologic abnormalities has also been reported when
the functional defect appears to be solely impaired contractility as opposed to muscle
wasting [22]. However, the distinctive feature of the pathology of CIM is the apparent
preferential loss of myosin and myosin-related proteins relative to actin [7, 16, 23, 24] as
opposed to generalized myofibrillar breakdown. The reasons for this unique pattern of
muscle degradation are not well understood. Notably, many standard pre-clinical mod-
els of muscle atrophy, including sepsis, muscle unloading/inactivity, and corticosteroid
exposure for example, when studied independently, do not reproduce this finding. The
development of an “experimental ICU” rodent model of critical illness whereby continu-
ous ventilation is administered in combination with deep anesthesia and other common
ICU insults is required to recapitulate the preferential myosin loss [25]. Using such mod-
els, it appears that the predominant critical factor for myofibrillar myosinolysis in CIM is
the complete mechanical silencing of limb muscle [23, 25-28]. What is unique to the ICU
patient, compared to other illness, is the removal of all muscle contractile cues (internal
and external) that results from the combination of unloading, inactivity, deep sedation,
and/or paralysis to enable mechanical ventilation—which thus appears to be driving a
unique muscle pathology [23].
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3.3.2 Mechanisms of Muscle Wasting

Given the lack of suitable models of CIM until the development of porcine and rat models
of prolonged ventilation not limited by early (1-3 day) mortality, much important work
to understand the molecular mechanisms underpinning CIM has also been conducted
in ICU patients with and without the phenomenon. Here, associations and correlations
with clinical outcomes’ measures and changes in the muscle transcriptome, proteome, and
enzymatic system function have provided important insights into the molecular regula-
tion of muscle dysfunction in ICUAW.

3.3.2.1 Muscle Proteolysis

Muscle wasting results from an imbalance between proteolysis of structural and contrac-
tile proteins and decreased protein synthesis [12, 29-31]. In the early phases of critical
illness, proteolytic degradation of muscle is massively upregulated and overwhelms the
tissues synthetic capacity. Proteolysis is predominantly regulated be two complementary,
but unique, systems—the ubiquitin-proteasome system (UPS) [31] and autophagy [31].
UPS-mediated proteolysis is the process whereby the cell is able to precisely regulate the
degradation of proteins by “tagging” them with ubiquitin moieties which act as recogni-
tion markers, to activate shuttling of the protein to the 26S proteasome for proteolysis.
Ubiquitin ligases are the enzymes that conjugate Ub to the target protein and provide the
UPS with specificity by interacting with the target via precise protein—protein interaction
domains. In contrast, autophagy is a process whereby an autophagosome is generated that
is able to engulf and degrade much larger cellular components including organelles (e.g.
mitochondria), cytosol in addition to proteins, but is not as precisely targeted as the UPS.

The UPS is a dominant purveyor of muscle proteolysis in the critically ill [16, 32-34].
Numerous upstream stimuli that are present in the critically ill can induce activation of
the muscle UPS system including bedrest and unloading, inflammation, oxidative and
energy stress, and alterations in lipid metabolism. Ubiquitin ligases known to be positive
regulators of muscle wasting in pre-clinical models of muscle atrophy (denervation, fast-
ing, corticosteroid use), including atrogin-1 and MuRF1 and 2, FBOX31, and SMART,
for example, have been shown to be upregulated in experimental models of CIM and the
skeletal muscle of patients with CIM, although the relative importance of each remains
unclear [16, 25, 26, 35]. The upregulation of MuRF1 and atrogin-1 precedes both the mus-
cle atrophy and the preferential myosin loss that occurs in response to mechanical silenc-
ing [25, 27]. Moreover, the temporal upregulation pattern of both is also observed in the
diaphragm muscle in the experimental rat ICU model, but this occurs in the absence of
the preferential myosin loss, suggesting other proteolytic systems contribute to the myo-
sinolysis [23]. Proteolytic calpains and caspases have been shown to be upregulated in
skeletal muscle during critical illness, and may participate in degradation of large actino-
myosin complexes for subsequent UPS-mediated proteolysis [16]. In pre-clinical models,
protein chaperones, such as heat shock proteins 70 and 90, and of-crystallin are quickly
upregulated within days of “ICU treatments” [36, 37]. This appears to be a short-term
compensatory response to protect against myofibrillar degradation, which will ultimately
fail to prevent muscle wasting if the critical illness persists.

While UPS mediated proteolysis occurs extensively and quickly in the early phases of
critical illness in the ICU, it is important to note that muscle wasting sustained long-term
following ICU discharge does not result from ongoing enhanced UPS activity [17]. Instead,
in the critical illness survivor with long-term persistence of muscle wasting, UPS activity
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returns to baseline, in keeping with that observed in healthy individuals. Enduring muscle
atrophy is the result of an impairment in the muscle’s regrowth capacity [17].

Autophagy is a second critical regulator of muscle size, and balanced autophagy is
essential to muscle homeostasis, as it enables the removal of damaged cellular compo-
nents. Thus, the upregulation of autophagy results in muscle proteolysis inducing atrophy,
and impaired autophagy, which allows the accumulation of toxic proteins and organelles,
also results in muscle wasting [31]. Dysregulation of autophagy has been demonstrated in
the atrophic muscle in both humans in the ICU and in animal models [38-42], although
there is no evidence of dysregulated autophagy in individuals with sustained muscle wast-
ing months following ICU discharge [17].

The balance between muscle catabolism (protein degradation) and anabolism (pro-
tein synthesis) is modulated by delivery of nutrients and exercise [43-45] in health. This
homeostatic regulation is lost in the critically ill as neither an increased protein delivery
[12, 46, 47] nor early mobility/exercise [48-50] in the ICU has resulted in consistently
significant improvement in functional outcomes. These studies show that early aggres-
sive nutrition does neither diminish catabolism nor enhance anabolism. Moreover, early
mobility during acute illness may actually delay recovery and aggravate muscle catabolism
and dysfunction.

Given the impact of muscle proteolysis on the critical illness outcomes, one might
assume inhibition of muscle catabolism would be beneficial. However, one might also
speculate that muscle breakdown may serve as an adaptive response, providing a survival
benefit by deprioritizing an energy-dependent non-vital organ, liberating amino acids
for consumption during critical illness. There is data to support both premises [51-53].
Thus, any attempt to inhibit proteolysis to spare muscle may need to be carefully consid-
ered with respect to both timing and extent. Bortezomib, a pharmacologic inhibitor of
the proteasome approved for clinical use in specific malignancies, decreases the extent
of muscle wasting in some (e.g. denervation) but not all (e.g. cancer) pre-clinical models
of muscle atrophy [54-57]. Bortezomib has been shown to partially inhibit diaphragm
weakness in mechanically ventilated animals [58], but its effects on limb skeletal muscle
mass and power in pre-clinical models of CIM and the critically ill patient remain to be
evaluated.

3.3.2.2 Muscle Protein Synthesis and Regeneration

Skeletal muscle protein synthesis and anabolism is upregulated by multiple stimuli includ-
ing static muscle stretch, muscle loading, autocrine and endocrine growth factors, and
positive energy balance. These various stimuli signal downstream within myocytes via
both the canonical IGF/AKT/mTOR signaling network, and in an AKT-independent,
mTOR-dependent manner, contingent upon the specific stimulus applied [23, 59].
mTORI is a key and essential regulator of protein synthesis, positively regulating mRNA
translation and leading to muscle hypertrophy [59]. In the critically ill, muscle protein
synthesis has been reported to be variably increased or impaired, depending upon the
patient population assessed, timing of the study assessment, and therapies applied [12,
60-64]. Protein turnover is increased in critical illness in the early days of ICU admission,
possibly as a compensatory response to massive proteolytic stimuli.

Over the past decade, studies in cell culture and pre-clinical models evaluating the
molecular regulation of protein homeostasis in muscle have clearly demonstrated that
proteolytic and anabolic signaling networks are reciprocally linked. Downregulation of
AKT/mTOR signaling not only disables mRNA translation and protein synthesis, but
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concomitantly enables upregulation of autophagy and UPS-mediated proteolysis [30] and
vice versa. Most recently, Puthucheary and colleagues demonstrated that intramuscular
inflammatory and hypoxia cellular signaling combined with reduced ATP bioavailability,
all factors well known to activate proteolytic systems, was directly and robustly correlated
with impaired muscle anabolic signaling and the development of atrophy within the early
days of critical illness and ICU admission [64]. This is in keeping with previous work
demonstrating widespread dephosphorylation of proteins in anabolic signaling networks
(Aktl, GSK3a 8, mTOR, p70S6K, and 4E-BP1) in the muscle of critically ill patients in the
ICU, despite concurrent increases in their mRNA levels [35].

In contrast to the massively upregulated proteolysis and anabolic resistance reported
early in critical illness in the ICU, in the long-term survivor, the molecular regulation
of sustained muscle wasting has not been well studied. Our group was the first to dem-
onstrate that the skeletal muscle UPS and autophagy networks were normalized in the
critical illness survivor 6 months following ICU discharge. Instead of continued enhanced
proteolytic-mediated loss of muscle, the recovery of muscle mass appeared to be impaired
[17]. We found a reduced number of myogenic stem (satellite) cells in the persistently
atrophic muscle of patients, suggesting that impaired muscle regeneration may contribute
to the long-term muscle wasting of sustained ICUAW, although we did not specifically
test this premise. Moreover, we did not determine whether the diminished satellite cell
population demonstrated any functional limitations. In a pre-clinical model of sepsis, the
depletion of satellite cells occurred as a result of increased apoptosis and an impairment in
their self-renewal capacity [65]. This culminated in diminished muscle regeneration and
persistent weakness 3 months following sepsis resolution, showing that the satellite cell
population was durably altered by a single episode of sepsis.

3.3.2.3 Skeletal Muscle Mitochondria Content and Function

Mitochondria are essential to maintain muscle energy status and contractile function. In
both pre-clinical models of CIM and critically ill patients in the ICU, muscle mitochon-
dria are reported to be decreased in number, and EM studies have revealed mitochondrial
ultrastructural damage [64, 66-70]. Compromised mitochondrial function in muscle will
(i) impair muscle mechano-sensing, (ii) increase production of reactive oxygen species,
(iii) induce cytopathic hypoxia, and (iv) result in muscle ATP depletion [71, 72], all of
which are capable of stimulating proteolytic signaling networks and down regulating pro-
tein synthesis networks, thus culminating in muscle wasting. We reported that the dif-
ferential expression of mitochondrial-related genes in a transcriptomic analysis of muscle
biopsies obtained from patients with and without sustained muscle wasting 6 months after
ICU discharge was robustly correlated with resolution of muscle atrophy and recovery of
strength [73]. Functional enrichment revealed these genes regulated mitochondrial bio-
genesis and ATP synthesis.

Pre-clinical studies have also demonstrated the regulation of mitochondrial size and
shape may directly impact muscle size independently of the mechanisms described above.
Mitochondria continuously change in shape, number, and cellular localization within
muscle due to continuous alteration between fission and fusion events. Fusion creates a
network of connected mitochondria that enables exchange of their content to maintain
the integrity of the mitochondrial genome and proteome [74, 75]. In contrast, fission cre-
ates smaller mitochondria that can function individually within the cell or be degraded
by mitophagy [76]. There is evidence to suggest that regulation of mitochondrial size
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via fusion and fission in itself may play a critical role in the muscle wasting of CIM. In
pre-clinical models of muscle mass regulation, genetic deletion of Mfnl and Mfn2, both
mitochondrial fusion proteins, induces muscle wasting [77, 78]. Conversely, overexpres-
sion of Drpl and Fis1, two proteins that induce mitochondrial fission, results in increased
autophagy and muscle atrophy in rodents [77, 78]. While the regulation of mitochondrial
fission and fusion in the muscle of critically ill patient has yet to be evaluated, one might
speculate alterations in the homeostatic balance maintained in health may contribute to
the loss of muscle seen acutely in the critically ill patient.

Whether mitochondrial abnormalities contribute to the persistent muscle atrophy
seen longer term in survivors with sustained ICUAW is unknown. We reported that
muscle mitochondrial number, density, and size in patients with and without sustained
muscle atrophy 6 months following ICU discharge had returned to baseline levels seen in
healthy “normal” individuals [17]. However, we did not evaluate mitochondrial fission or
fusion, nor did we evaluate the expression of the proteins known to regulate either process
in these survivors.

3.3.2.4 microRNA Regulation of Muscle

MicroRNAs (miRs) are small non-coding RNAs that regulate gene expression by modu-
lating the degradation or translation of large sets of mRNAs. As such, they are able to rap-
idly and broadly impact cellular functions by impacting key regulatory elements in whole
signaling networks simultaneously. Within muscle, miRs can act locally in an autocrine
manner, or in a paracrine fashion circulating within the bloodstream, to impact myogen-
esis and muscle size [79, 80]. A handful of miRs identified as “myomiRs” (miR-1, miR-133,
miR-206, and miR-208)—their expression is restricted to skeletal muscle—are well known
to regulate critical cellular signaling networks that control protein synthesis and fibrosis
within muscle, and myogenic differentiation, including the AKT/PI3K/mTOR and TGFf
networks [79, 81]. To date, very few studies have evaluated miR regulation of CIM, but
given the rapidity of critical illness-induced changes in muscle, and muscle’s plasticity, the
likely highly influential impact of miRs in the pathology of CIM, and muscles recovery,
makes good biologic sense.

Recently, miR-542-3p/5p has been shown to induce muscle atrophy in ICU patients
via promotion of mitochondrial dysfunction and enhanced TGFp signaling [82]. Paul and
colleagues identified quadriceps expression of miR-422a to be positively associated with
strength and retention of mass in individuals admitted to the ICU following elective aortic
surgery, despite very short admissions across all patients (all less than 7 days) [83]. In a
paired miR-mRNA co-expression analysis of quadriceps muscle biopsies from patients
with and without sustained ICUAW, we found 20 miRs significantly regulated the dif-
ferential gene signature at day 7 post ICU discharge, with miR-424-5p regulating 23%
of all DE genes, suggesting its role as a master regulator of early ICUAW (unpublished
data). Furthermore, at month 6 post ICU discharge, distinct miR expression signatures
were found to separate ICUAW patients with significant improvement in muscle mass
from those with little gain (unpublished data).

miRs are of significant importance in the future management of ICUAW, since they
can both serve as therapeutic agents, concurrently targeting multiple cellular signaling
networks, and thus have a broad impact on muscle biology, in addition to functioning as
biomarkers of disease or response to therapy, given they are secreted into the bloodstream
[80, 84].
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3.3.2.5 Metabolic Reprogramming of Muscle

Lipid toxicity has been reported to contribute to diaphragmatic dysfunction with mechani-
cal ventilation [85]. Accelerated lipolysis, as occurs in the catabolic phase of critical illness,
results in the systemic release of triglyceride-rich lipoproteins and free fatty acids (FFA)
into the bloodstream that may be ultimately toxic to muscle cells [86-89]. In animal mod-
els, ectopic lipid accumulation induces proteasomal activity, apoptosis, and skeletal muscle
damage. Interestingly, overexpression of lipoprotein lipase, the key enzyme in lipolysis,
induced loss of myogenic potential in murine C2C12 myoblasts [89]. Whether lipid toxic-
ity may contribute to the depletion of satellite cells in the critically ill patient remains to be
evaluated. Moreover, in contrast to the aforementioned studies, neither muscle mass nor
muscle ATP content was impacted by the quantity of fatty acids delivered as nutritional
supplements to critically ill patients within the first 7 days of ICU admission [64].

3.3.2.6 Peripheral Nerve Injury

While CIM occurs in the absence of CIP in many patients with ICUAW, it is important to
keep in mind that any injury to the peripheral nervous system will provide additional stim-
ulus for the rapid recruitment of the muscle proteolytic machinery and downregulation of
muscle anabolic signaling. Prolonged traumatic muscle denervation will cause severe mus-
cle atrophy and subsequent fibrosis [90]. Prolonged CIP resulting in long-term functional
denervation could theoretically have the same impact on muscle biology in the critically
ill. Long-term neuromuscular junction (NMJ) dysfunction and degradation contributes to
muscle atrophy, as occurs in age-dependent sarcopenia [91, 92]. However, whether short-
term neuromuscular blockade plays a role in CIM remains controversial [93, 94].

3.3.3 Mechanisms of Muscle Contractile Failure

3.3.3.1 Dissociation Between Muscle Form and Function

In aging, a discordance between muscle size and strength occurs; weakness exceeds that
expected for the loss of muscle mass due to degenerative changes within the neuroaxis
and muscle [95]. A dissociation of mass and contractile capacity can also be evident in
ICUAW. In the pre-clinical CIM model (sustained mechanical ventilation with paraly-
sis and sedation), the preferential myosin loss relative to actin changes the character
of muscle, such that its contractility is impaired. Where loss of muscle ranges between
25% and 50% within 14 days of institution of mechanical ventilation, a 65% decrease in
muscle-specific force occurs [25, 37]. Likewise, we found marked heterogeneity in muscle
outcomes 6 months following ICU discharge. A proportion of critical illness survivors
demonstrated predominantly impaired contractility in the face of normalization of their
muscle mass 6 months following ICU discharge, again highlighting the potential discon-
nect between muscle mass and strength [17].

The force-generating capacity of muscle in the ICU is decreased by alteration in muscle
composition (e.g. necrosis, fatty infiltration) and critical illness neuropathy (if present).
Altered cellular signaling and Ca++ handling within the muscle also impede contractile
function directly. Pre-clinical models of CIM demonstrate that the cause of decrements
in muscle-specific force (force generated/unit of muscle mass) is multifactorial, resulting
from altered bioenergetics with depletion of ATP due to mitochondrial loss and dysfunc-
tion (as previously discussed), altered muscle membrane excitability, and muscle excita-
tion-contraction uncoupling [16, 96].
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Diminished muscle membrane excitability has been repeatedly reported in critically ill
patients and is manifested as decreased conduction velocity, increased relative refractory
periods, and reduced fiber excitability in response to direct muscle stimulation [97-101].
The steroid-denervation model of CIM, which consists of tibial or sciatic nerve transec-
tion with denervation of the hindlimb musculature accompanied by the systemic admin-
istration of corticosteroids, has served as the primary pre-clinical model with which to
study the mechanisms underpinning the diminished muscle excitability. Keeping in mind
the limitations of employing this pre-clinical CIM model to study mechanisms, a “sodium
channelopathy” appears to be acquired which alters both the muscle baseline resting
membrane potential and depolarization in response to an action potential [102, 103]. This
channelopathy consists of a change in the proportion of channel isoform expression and
a hyperpolarized shift in the voltage dependence of the channel inactivation, although
it is felt that it is primarily the shift in the voltage dependency of the Na 1.4 isoform
that results in the membrane hypoexcitability [104, 105]. The pro-inflammatory milieu
encountered in critical illness (e.g. TNFa, CNTF) [106-108] plays a contributory role in
the induction of the sodium channelopathy. Abnormalities of other membrane channels,
including function of the ryanodine and L-type Ca** channels, have also been reported to
influence muscle membrane excitability in critical illness models [109, 110].

Muscle contraction is generated by the release of Ca*? from the sarcoplasmic reticulum
to the cytosol where it stimulates the interaction between myosin and troponin. In health,
the electrical signal transmitted by the peripheral nerve motor neuron depolarizes the
muscle membrane, stimulating the release of Ca* to induce a contraction, and is referred
to as excitation-contraction coupling. Excitation-contraction uncoupling induced by
altered intracellular calcium homeostasis has been demonstrated extensively in sepsis and
systemic inflammation [16, 111, 112]. Abnormalities in calcium handling, due to altered
membrane receptors/ion channels (i.e. ryanodine receptor) and reduced sensitivity of
myofilaments to Ca*? due to posttranslation modifications of the myofilaments, contrib-
ute to the excitation-contraction uncoupling reported in the rodent experimental ICU
model [25, 113, 114]. Of note, administration of the chaperone co-inducer BGP-15 in a
pre-clinical model of ventilator-induced diaphragmatic dysfunction restored the muscle-
specific force to approximately 75% of its original value [115] by protecting myosin from
detrimental posttranslational modifications.

3.4 Therapeutic Approaches to the Prevention
and Treatment of CIM

We currently have no consistently effective therapy to prevent or treat CIM. For well
over a decade now, proponents of early mobility/exercise and neuromuscular stimulation
(NMES) in the ICU have promoted their use in the critically ill, with some success [2]. If
applied early enough in the course of illness, and administered with the combined effort to
minimize sedation protocols and paralysis, short-term physical functional outcomes can
be improved. However, well-designed randomized trials to evaluate the impact in the long
term (months following ICU discharge) remain to be completed.

Pharmacologic interventions for muscle wasting and weakness in the ICU must contend
with the biphasic nature of CIM. Treatment in the initial stages will need to focus on coun-
teracting the enhanced catabolism, while keeping in mind the potential survival advantage
conferred by “deprioritizing” an energy expensive non-vital organ. As noted previously, the
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timing and extent of inhibition will need to be carefully considered. Alternative approaches
in the ICU would be to combat the anabolic resistance. Much work is being undertaken to
optimize the timing and type of feeding in the critically ill patient to mitigate, or at least not
exacerbate proteolysis and counteract the anabolic resistance in the acute phases, and to
optimize outcomes in later reparative phases of CIM. Given the potential for lipid-induced
muscle toxicity and the fact that lipid delivery has little effect on muscle energy stores [64],
the use of non-fat food sources and removal of fatty acid supplementation should be con-
sidered and trialed. In addition, given the association of intramuscular inflammation with
impairment of anabolic signaling and muscle wasting in the early acute phase of critical
illness, evaluations of anti-inflammatory agents at this time should be considered [64].
Treatments for impaired contractility can begin to focus on modulation of the sodium and
calcium channels, and the development of chaperones to protect myofibrillar proteins from
detrimental posttranslational modifications. Finally, the potential impact miRs and their
antagonists may have on muscle in critical illness is an area of great potential for investiga-
tion, given the ability to serve as therapeutic agents as well as biomarkers [80, 84]. However,
regardless of the preventative or treatment modality trialed, it will be extremely important
to keep in mind that the heterogeneity in case mix and the uncertainty that randomization
can account for different ICU lengths of stay and injury accrued over time, as the ICU stay
extends, may make it complicated and difficult to show benefit.

Conclusion

Early and sustained ICUAW is a prevalent and significant problem with no effective thera-
pies. The pathophysiology is complex and heterogeneous, affecting multiple organ systems
and biological processes. Recently, landmark clinical studies have demonstrated that clini-
cal parameters, such as age and duration of ICU level care, can partially resolve patient het-
erogeneity and enable prognostic enrichment (identifying those patients at greatest risk
of adverse outcome). Prognostic enrichment in future trials may allow us to design and
administer particular interventions in subpopulations of patients that are more likely to
be at risk for acute and sustained ICUAW. Importantly, as we develop novel therapeutic
alternatives on the bench, translating that knowledge to the bedside will require that we
develop the tools to identify those patients most likely to benefit from a particular therapy.
Tools for therapeutic enrichment are markedly lacking, and our assessment measures fail
to characterize and quantify dysregulated biological responses and therefore are unable
to appropriately align patients with emerging therapies to achieve the personalization
necessary to improve care. As we move forward, further studies aimed at understanding,
characterizing, and quantifying the pathophysiology of ICUAW and of sustained muscle
dysfunction will be fundamental to impart significant impact on care.
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Learning Objectives
To appreciate the incidence and context of neuromuscular complications in critically ill
patients and to understand the underlying neuromuscular alterations.
To be able to describe the clinical features of critical illness neuromyopathy.
To be able to describe methods of diagnosing neuromuscular complications in
critically ill patients and to appreciate advantages and limitations of different methods.
To be able to list the differential diagnosis of ICUAW.

4.1 Introduction

Acute neuromuscular complications are common during critical illness, particularly
among the most severe intensive care unit (ICU) patients with prolonged stay and
mechanical ventilation, and those developing sepsis and multiple organ dysfunctions [1].
Lung, kidney, brain, and the circulatory and coagulation systems are traditionally reported
as the most common failing organs, but no organ is spared by the devastating inflamma-
tory response, and peripheral nerves and muscles are no exception [2].

Critical illness polyneuropathy (CIP) and myopathy (CIM) are the most common
neuromuscular alterations encountered in the critically ill patient. Muscle decondition-
ing is also extremely common and often coexists with CIP and CIM [3]. These condi-
tions may cause significant weakness developing after the onset of critical illness and are
often indistinguishable clinically. Hence, electrophysiological investigations (EPS) of
peripheral nerves and muscles are essential to define the pathological nature of weak-
ness. CIP is a distal axonal neuropathy involving both motor and sensory nerves, and
can be easily detected with nerve conduction study in the ICU, though differentiation
with CIM is more complicated. Nerve biopsy is rarely if ever indicated; however, skin
biopsy is minimally invasive and can be useful to assess histologically the tiny nerve
fibers of the skin, which are often simultaneously involved. CIM is a primary myopathy,
that is not secondary to muscle denervation, and can be diagnosed with nerve conduc-
tion study and electromyography (EMG). Proper diagnosis of myopathy requires that
the patient collaborates to the EPS study. Alternatively, specialized neurophysiological
techniques may be used to demonstrate altered muscle membrane excitability. Moreover,
CIM includes various subtypes—from thick filament myopathy to necrotizing myopa-
thy—that can be distinguished based on histological examination of muscle biopsy and
that may have different prognosis. Therefore, muscle biopsy can be indicated to define
the prognosis in uncertain cases. Lastly, muscle deconditioning due to immobility is
associated with normal finding at EPS and disuse atrophy at muscle biopsy. Specific
diagnosis would be important, as response to mobilization and prognosis can be better
than with CIP or CIM. CIM and CIP may have a rapid onset and may resolve completely
in a matter of weeks. However, in some survivors of critical illness, weakness may persist
for months or years after discharge from hospital, and can be responsible for severe
chronic physical disability.

This chapter reviews the history and the major clinical, electrophysiological, and his-
tological features of CIP and CIM.
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4.2 Historical Review

In 1984, Charles Bolton and his colleagues first described an acute polyneuropathy in
critically ill patients who could not be weaned from the ventilator [4]. Patients had suf-
fered from “adult” respiratory distress syndrome (as was called the “acute” respiratory
distress syndrome at that time), pleural empyema complicating surgery, pneumonia, and
lung abscesses. Despite the resolution of critical illness and interruption of sedative and
analgesic drugs, “the patient could not tolerate a reduction in the frequency of mandatory
mechanical ventilation” and was unable to breath spontaneously. The clinical signs
included weak or absent spontaneous limb movements, weak grimacing of facial muscles,
reduced muscle tone, and depressed deep tendon reflexes, suggesting a polyneuropathy.
Electrophysiological study (EPS) of peripheral nerves and muscles and necropsy findings
defined the nature of this polyneuropathy to be sensory-motor axonal degeneration. The
authors described five patients in 4 years, so it seemed a very rare condition possibly due
to “either a toxin or nutritional deficiency affecting only the peripheral nervous system.”
In 1986, the authors demonstrated that “critically ill polyneuropathy;” as the condition was
called at that time, was an entity distinct from the Guillain-Barré syndrome [5]. In 1987,
the authors demonstrated that the “critical illness polyneuropathy” (CIP), a term sug-
gested by PK. Thomas, the editor of Brain, [6] was a distal, axonal, sensory-motor poly-
neuropathy complicating sepsis and multiple organ failure (MOF) [7]. CIP was no longer
considered a disturbance affecting only the peripheral nervous system. The mechanism
put forward was “a fundamental defect, still unknown, which causes dysfunction of all
organ systems in this syndrome.”

Muscle wasting may have always accompanied sepsis. However, before the support of
respiration and circulation in ICUs, death usually occurred before the neuromuscular
signs were clinically evident [8]. The story of CIM probably started in 1977 when
MacFarlane and Rosenthal reported the case of a young asthmatic women developing
diffuse muscle weakness after an acute respiratory failure requiring mechanical ventila-
tion and a large dose of steroids [9]. After 8 days, the patient was unable to breathe spon-
taneously and to lift her limbs against gravity. Cranial nerves, deep tendon reflexes, and
sensation were normal. Diagnosis of myopathy was based on electromyography, and the
cause was attributed to the large doses of corticosteroids used to treat asthma. In 1979,
Sher reported the first case of acute myopathy with extensive and selective loss of myosin
(thick) filaments [10], which is now considered a common finding on muscle biopsy in
milder forms of CIM [1]. In 1985 and then in 1991, Op de Coul et al. described a series of
22 patients, of whom 16 had EPS revealing neurogenic changes [9], myogenic changes [4],
or combined neurogenic and myogenic changes [3] that the authors described as critical
illness polyneuromyopathy [11]. In 1991, Witt showed that hyperglycemia together with
hypoalbuminemia and prolonged ICU stay strongly correlated with development of CIP
[12]. Following research on intensive insulin treatment will take advantage of this result,
showing a substantial reduction of CIP in patients treated with higher doses of insulin to
maintain normoglycemia [13, 14]. In the same year, Helliwell described muscle necrosis
in 15 of 31 critically ill patients as a characteristic finding of the more severe forms of CIM
[15], a result later confirmed by Ramsay [16]. In 1994, Zochodne described 7 patients
developing an “acute necrotizing myopathy of intensive care,” seemingly triggered by neu-
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romuscular blocking agents [17]. In 1996, Latronico studied 24 acutely ill comatose
patients developing severe muscle weakness or paralysis after the acute phase [18]. At the
time of diagnosis 27 days after ICU admission, all patients had suffered from sepsis and
multiple organ dysfunction or failure and were tetraplegic or had only minimal move-
ments to painful stimulation. EPS indicated an acute, axonal polyneuropathy in all cases.
Nerve biopsy, surprisingly, showed normal nerve in 14 patients and severe axonopathy in
8 patients. This discrepancy between EPS and histological nerve findings was seen in
patients who had early biopsy, while all but 2 patients with late biopsy had agreement
between EPS and histological findings. The authors hypothesized that “sepsis-related
nerve failure caused an early impairment of axonal transport and transmembrane poten-
tial, a finding easily documented by electrophysiological but not by histological studies.”
Only with persisting sepsis, “the energy supply or use is not restored and histological
alterations ensue” Muscle biopsy showed scattered muscle necrosis in 11 patients (48%),
indicating that a primary myopathic process, that is not secondary to muscle denervation,
was highly prevalent. The study also showed that CIP and CIM often coexist, and their
combination probably is the most common manifestation of acute neuromuscular weak-
ness in the ICU, a result that has been confirmed in following studies (see the supplemen-
tary material of reference [19] for Review).

4.3 The Clinical Diagnosis

The distinctive feature of CIP and CIM, alone or in combination, is generalized and sym-
metrical muscle weakness involving the respiratory muscles and the limbs [20]. Patients
have different degrees of limb muscle weakness and are dependent on a ventilator, but
facial muscles are usually spared such that facial grimace is preserved. This condition is
currently defined as ICU-acquired weakness (ICUAW) and is typically described as a
complication of critical illness [20-22]. In fact, ICUAW represents the extreme end of a
spectrum of weakness that begins with any serious illness, regardless of care location [22].

The generalized muscle weakness caused by CIP, CIM, or pure muscle deconditioning
is clinically indistinguishable [3, 23]. Proximal muscle groups are more affected than distal
muscle groups [20, 24]. In CIM, sensory testing reveals normal sensation. However, sen-
sory testing can be unreliable in the acute stage of disease, and CIM often coexists with
CIP, making it difficult to differentiate CIP and CIM based on clinical criteria. CIM has as
a better prognosis than CIP [46, 47], and hence pursuing differential diagnosis can be
clinically relevant.

ICUAW is common, and recent data indicate that 40% of ICU patients (95% confi-
dence interval, CI, 38-42%) may be affected [25]. Incidence is lower with clinical evalua-
tion (95% CI, 30-35%) than with electrophysiological diagnostic techniques (95% CI,
45-50%). Patients with sepsis and prolonged mechanical ventilation are at particular high
risk of developing ICUAW [26]. ICUAW is an important complication causing prolonged
mechanical ventilation, lengthy ICU stay, and increased ICU and long-term mortality.
This comes as no surprise considering that reduced muscular strength, as measured by
grip strength, has been associated with an increased risk of all-cause and cardiovascular
mortality in the general population [27].

A diagnosis of ICUAW is achieved by manually testing strength of 12 muscle groups
using the Medical Research Council (MRC) scale or by measuring handgrip strength
with a dynamometer. MRC sum score below 48/60 designates ICUAW or significant
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weakness [20, 21], and an MRC score below 36/48 indicates severe weakness [24].
Recently, a simplified version of the scale with only four categories and improved clini-
metric properties was proposed [28]. To date, this version has been validated in a small
cohort of 60 critically ill patients with excellent inter-rater reliability and high sensitiv-
ity and specificity in diagnosing ICUAW compared to the full MRC [29]. Handgrip
dynamometry measures isometric muscle strength and can be used as a quick diagnos-
tic test. Cut-off values of less than 11 kg (IQR 10-40) in males and less than 7 kg (IQR
0-7.3) in females are considered to be indicative of ICUAW [30]. Inter-rater reliability
of these two methods is good [31], but 25% of patients are not able to comply with
clinical evaluation of ICUAW because MRC and handgrip dynamometry are volitional
tests [25] and require the patients to be alert, cooperative, and motivated. Sedation,
delirium, coma, pain, and injury often interfere with early clinical evaluation of muscle
strength and accurate sensory and motor testing in the ICU [32-34] or patients are
discharged early from the ICU before muscle strength can be assessed [35], and hence,
ICUAW remains underreported. Recently, a neurophysiological technique has been
proposed to assess the ankle dorsiflexor muscle force generated by tetanic 100 Hz elec-
trical stimulation of the peroneal nerve [36]. With this method, muscle force produc-
tion is measured also in non-cooperative patients and may be used as a non-volitional
proxy of global muscle strength.

Accompanying respiratory weakness may be present in up to 80% of patients with
ICUAW [37]. In patients undergoing a first spontaneous breathing trial, diaphragm
dysfunction can be more frequent than limb muscle weakness [38]. Diaphragm dys-
function, which is associated with poor outcomes, can be evaluated in cooperative
patients by measuring the maximal inspiratory pressure generated during a maximal
inspiratory maneuver against an occluded airway [39]. However, results are strongly
dependent on actual maximal performance of the effort. Alternatively and effort inde-
pendent, changes in endotracheal tube pressure (twitch tracheal pressure) induced by
bilateral anterior magnetic phrenic nerve stimulation (BAMPS) during airway occlu-
sion (a pressure < 11 cmH,O defines diaphragm dysfunction) [38] can be used.
Diaphragm ultrasonography is also a useful technique with thickening fraction (end-
inspiration thickness minus end-expiration thickness dived by end-expiration thick-
ness) of less than 30-36% and the maximal diaphragmatic excursion below 10-14 mm
defining dysfunction [40].

Weakness of the pharyngeal and laryngeal muscles and of the expiratory muscles of
the chest wall and abdomen leads to altered swallowing, impaired cough, inadequate
clearance of secretions, and increased risk of pulmonary aspiration and pneumonia.

Weakness of the pharyngeal and laryngeal muscles is common in critically ill patients
surviving the acute event and may cause swallowing dysfunction (dysphagia). This is a
serious and often underestimated complication of critical illness that, together with weak-
ness of the expiratory muscles of the chest wall and abdomen, may impair cough and
cause inadequate clearance of secretions and increased risk of pulmonary aspiration and
pneumonia. Aspiration pneumonia is one of the most common causes for recurrent hos-
pitalization in the 90 days after sepsis [22]. Conservative estimates indicate that 20% of all
extubated survivors of acute respiratory failure suffer from an abnormality in swallowing
function that may persist for several days to weeks [41]. Assessment of dysphagia is there-
fore recommended. If the patient is alert and able to maintain a sitting position, the water
swallow test can be used as a screening test at the bedside [42]. Observation of a behav-
ioral airway response, such as coughing, choking, throat clearing, or change in voice, is
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highly suggestive of an ICU-acquired swallowing function, particularly after repeated
testing, and should prompt specialist consultation for a more comprehensive diagnostic
evaluation such as a videofluoroscopic swallow study or a fiberoptic endoscopic evalua-
tion of swallowing [42].

Small fiber pathology with degeneration of tiny nerve fibers of the skin has also been
described in critically ill patients [43]. Clinical presentation includes negative and positive
sensory alterations, such as severe neuropathic pain or, respectively, absent or reduced
pain and temperature sensation. Autonomic dysfunction can be present causing abnormal
sweating, lacrimation and/or salivation; gastrointestinal, bladder, and sexual disorders;
and orthostatic hypotension. The finger wrinkling test can be recorded after immersion of
the right hand in a bucket filled with water at 40 °C and used to investigate sympathetic
peripheral dysautonomia [43]. The degree of skin wrinkling at the fingertip is then assessed
at baseline and after 5, 15, and 30 min, and graded using a 5-point clinical scale with score
of 0 (absent wrinkling) to 2 (two or less lines of wrinkling are seen) indicating peripheral
dysautonomia. Quantitative sensory testing (QST), a non-invasive method and psycho-
physical test, can be used to assess the functional impairment of sensory nerves [44]. By
using standardized methods, abnormal thermal and pain detection thresholds can be
revealed in significant proportions of critical illness survivors [45].

4.4 The Electrophysiological Diagnosis

ICUAW can be due to CIP and CIM alone or in combination, or due to pure muscle
deconditioning with disuse atrophy. Comprehensive EPS are important to define the
nature of the ongoing pathological process in patients with ICUAW. These studies should
include motor and sensory nerve conduction studies as well as needle electromyography
(EMG) in upper and lower limbs. With muscle deconditioning, the electrophysiological
investigations (EPS) of peripheral nerves and muscles remain normal, whereas in CIP and
CIM, EPS can identify the ongoing pathological process and will be reviewed afterward.
EPS also carry long-term prognostic information [46-49].

4.4.1 Critical lliness Polyneuropathy

CIP is a distal axonal sensory-motor polyneuropathy, and hence nerve myelin sheaths are
preserved (B Fig. 4.1a). Conduction studies show normal or mildly reduced nerve con-
duction velocity, whereas the amplitudes of compound muscle action potentials (CMAPs)
and sensory nerve action potentials (SNAPs) are reduced or nerves are completely unex-
citable (B Fig. 4.1b). Fibrillation potentials and positive sharp waves are recorded in the
majority of patients with CIP but can be seen also in patients with CIM [50], reflecting
muscle membrane irritability due to the inflammation or necrosis [51]. Therefore, they are
useful to identify an abnormal process involving the neuromuscular system but cannot
distinguish between CIP and CIM.

Using direct muscle stimulation [52, 53], a patient with CIP will have normal action
potential amplitude when stimulating the muscle directly (dmCMAP) and reduced or
absent CMAP when using conventional stimulation (i.e. through the motor nerve, neC-
MAP), rendering a neCMAP/dmCMAP ratio of less than 0.5 (the ratio will be zero if the
neCMAP is absent) (B Fig. 4.2) [1, 48, 54].
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Demyelinating neuropathy
(Guillain-Barré syndrome)

e[ [ i el |

JL/JL
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Nerve action potential: Nerve action potential: Nerve action potential:
normal amplitude reduced amplitude, reduced conduction velocity,
and conduction velocity normal conduction velocity normal amplitude

O Fig. 4.1 aLight microscopic image of sural nerve biopsy showing axonal degeneration with
decreased density of myelinated fibers, magnification x150. (From Latronico and Bolton [1]). b Schematic
presentation of axonal and demyelinating neuropathy. In axonal neuropathy, the total number of fibers
is reduced, and hence the nerve action potential amplitude is reduced. Surviving fibers have normal
myelin sheath; therefore, the nerve conduction velocity remains within normal limits. (From Latronico
etal. [33])

4.4.2 Critical lllness Myopathy

EMG can easily identify CIM if the patient can collaborate to the EPD study. Voluntary
contraction typically reveals rapid recruitment of low amplitude, short duration, poly-
phasic motor unit potentials. Moreover, SNAPs are normal. However, things are more
complicated in real ICU life. First, in many instances, the critically ill patient has limited
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Nerve stimulation .
Direct

muscle stimulation

Recording

Nerve Direct muscle Nerve Direct muscle Nerve Direct muscle
stimulation  stimulation stimulation  stimulation stimulation  stimulation
a Normal b Neuropathy ¢ Miopathy

O Fig. 4.2 Direct muscle stimulation. With this technique, in case of myopathy, the action potential will
be reduced or absent after conventional stimulation through the nerve and direct muscle stimulation.
(From Latronico et al. [33])

voluntary activity, which makes analysis of motor unit potential difficult. Second, patients
may have limb edema precluding an accurate detection of SNAPs (SNAP amplitudes are
measured in pV and are 1000 times smaller than cMAP amplitudes that are measured in
mV). Third, CIM and CIP often coexist. In difficult cases, specialized neurophysiological
techniques may help to differentiate CIM from CIP. Using direct muscle stimulation, a
patient with CIM will have proportionally reduced or absent action potential amplitude
after both conventional stimulation and DMS and the neCMAP/dmCMAP will be
around 1. Likewise, a muscle action potential amplitude of less than 3 mV—normal val-
ues are above 3.0-3.2 mV [48, 55]—indicates a myopathy. CMAP has prolonged dura-
tion in CIM, probably as a consequence of impaired excitability and conductance of the
muscle membrane and sodium channel dysfunction [50]. If accompanied by severe
decrease in amplitude, prolongation of CMAP is highly suggestive of combined CIP and
CIM [56], approaching 100% specificity when CMAP prolongation is found in more
than 1 nerve [56]. In pure muscle deconditioning and atrophy caused by immobility, EPS
usually show normal findings which represent an important criterion in the diagnostic
and prognostic work-up since muscle deconditioning has a better prognosis than CIP or
CIM (@ Fig. 4.4) [1, 3, 23].



51
Critical lllness Neuromyopathy: Clinical, Electrophysiological...

4.43 Phrenic Nerve and Diaphragm

EPS of the phrenic nerve and the diaphragm may be helpful to identify diaphragm weak-
ness as a contributor weaning failure. Phrenic nerve conduction studies and needle EMG
of the respiratory muscles may establish CIP as the cause of failure to wean from the venti-
lator; however, these studies are rarely done in the acute setting. Diaphragm CMAPs can be
recorded using surface electrodes; however, measurements are difficult to obtain because
of electrical contamination from other respiratory muscles, the movements of the dia-
phragm during ventilation, the small amplitude of diaphragm CMAPs, and electrical inter-
ference in the ICU environment [57]. Diaphragm CMAP amplitudes can be recorded using
commercially available esophageal electrodes used with neurally adjusted ventilator assist
(NAVA), a new mode of mechanical ventilation in which diaphragm EMG is used to drive
the ventilator. CMAP amplitudes recorded with the NAVA probe are higher than with sur-
face electrodes which can facilitate recordings. These amplitudes tightly correlate with
pressure generated by the diaphragm, but clear reference ranges are not available yet [58].

4.5 The Histological Diagnosis

4.5.1 Critical lliness Polyneuropathy

Autopsy studies have confirmed the electrophysiological findings of a primary distal axo-
nal degeneration of motor and sensory fibers. In addition to peripheral nervous system
involvement, chromatolysis of anterior horn cells has been demonstrated, indicating dam-
age to the cell body axon [7].

Muscle biopsy in CIP shows evidence of acute denervation of muscle with atrophy of
both type 1 and type 2 fibers. During the recovery phase, muscle biopsy will show grouped
atrophy of the muscle fibers. Nerve biopsy will show signs of distal axonal degeneration if
done later in the course of critical illness (B Fig. 4.1) [18], but it is not indicated in clinical
practice.

In addition to large nerve fiber damage, degeneration of somatic and autonomic epi-
dermal and dermal small nerve fibers can be revealed by skin biopsy (8 Fig. 4.3) [43, 59,
60]. Degeneration of somatic epidermal nerve fibers in critical illness survivors is non-
length dependent, suggesting that critical illness may affect the dorsal root ganglion neu-
rons [43].

4.5.2 Critical lllness Myopathy

Muscle biopsy can be important to demonstrate the type and severity of the myopathic
process and can be considered in ICUAW cases of uncertain prognosis (8 Fig. 4.4).
Disruption of myofiber ultrastructure (B Fig. 4.5a) is caused by decreased synthesis and
increased degradation of myosin heavy chain [61, 62] and is an early event [62, 63] fol-
lowed by myofiber atrophy at later stage (8 Fig. 4.5b). The term thick filament myopathy
describes the selective loss of myosin “thick” filaments, which is a common histopatho-
logical feature in CIM and portends a good prognosis [1]. The pathological process pref-
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Critically ill patient Healthy control
Severe depletion of intra-

Severe reduction in the

Severe reduction of sweat i

O Fig. 4.3 Skin biopsy taken at the proximal thigh a and distal site of the leg b with a sweat gland ciin
patient no. 7, and at the proximal thigh d and distal site of the leg e with a sweat gland f in a healthy
subject. Arrows indicate intra-epidermal nerve fibers and arrowheads indicate dermal nerve bundles.
(From Latronico et al. [43])

erentially affects the myosin filaments resulting in decreased or absent reactivity in
myofibrillar ATPase staining at light microscopy (8 Fig. 4.5b) and loss of thick filaments
with disorganized myofibrils (B Fig.4.5a) and thinning of the A-bands at electron micros-
copy. Quantitative electrophoretic determination of the myosin content on percutaneous
muscle biopsy specimens shows a decreased myosin/actin ratio [64]. Scattered muscle
fiber necrosis can be observed in 40% of patients (B Fig. 4.5¢) [18, 22, 63] and has a worse
prognosis than thick filament myopathy. In rare cases, an acute necrotizing myopathy
with myofiber necrosis involving up to 95% of muscle fibers is described [15, 16]. Muscle
atrophy mainly affecting type 2 fibers is a common finding, and in some cases, it is the
only histopathological abnormality seen on muscle biopsy. Type II muscle fiber atrophy
can also be associated with muscle unexcitability at direct muscle stimulation [65].

4.5.3 The Differential Diagnosis

The finding of generalized weakness is extremely common in critically ill patients and war-
rants an accurate differential diagnosis [66]. ICUAW is a diagnosis of exclusion, and clinical
diagnosis is established if no alternative cause is found. Although clinical detection of
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O Fig. 4.5 Major histopatho-
logic features of CIM. a Electron
microscopy: myofibrils devoid
of thick filaments with
preserved Z lines (original
magnification x12 000); b
hematoxylin eosin: necrotic
muscle fibers (arrows) (original
magnification x20); ¢ ATPase pH
4.6: muscle fiber atrophy
(mainly type Il) and focal loss of
reactivity indicating loss of
myofilaments (arrows) (original
magnification x40)

muscle weakness can be difficult in the acute stage of critical illness, as an initial observa-
tion, painful stimulation can cause facial grimacing with reduced or absent movement of
the limbs [8]. Moreover, ICUAW is usually excluded in the presence of the following: the
neurologic assessment indicates a brain disease (i.e. Babinski signs); facial muscles are
involved (i.e. weakness of extraocular muscles with diplopia); muscle weakness is asym-
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metrical (i.e. monoparesis or hemiparesis); progression of muscle weakness suggests a spe-
cific diagnosis with an ascending (Guillain-Barré syndrome) or descending pattern (botulin
intoxication), or muscle weakness is fluctuating and worsens after brief exercise indicating
aneuromuscular transmission defect (myasthenia gravis) or improves after exercise indicat-
ing presynaptic neuromuscular defect (Lambert-Eaton syndrome); there are fasciculations
indicating early lower motor neuron involvement as in amyotrophic lateral sclerosis or asso-
ciated abnormalities such as skin rash or abdominal pain pointing to dermatomyositis, vas-
culitis, porphyria, or diabetes; there are dysautonomic signs (i.e. dilated pupils poorly
reactive to light suggesting botulin intoxication, and cardiac arrhythmias or fluctuations in
blood pressure as seen in GBS); and pharmacological side effects are suspected (i.e. after
prolonged administration of neuromuscular blocking agents, steroids, or cancer chemo-
therapy) (see [66] for review).

Once diagnosis of ICUAW is established, identification of underlying pathology
requires neurophysiological and muscle biopsy studies (8 Fig. 4.4) [30].

Conclusions

The neuromuscular system is one of the organ systems frequently affected by critical illness.
The clinical manifestation of its involvement is labeled ICU-acquired weakness and affects
peripheral as well as respiratory muscles. Muscle weakness during critical illness can origi-
nate from a primary neurogenic or a myogenic problem—Ilabeled as critical illness polyneu-
ropathy and critical illness myopathy—or a combination of both. ICUAW exposes patients to
increased risk for delayed weaning from mechanical ventilation, as well as prolonged ICU
and hospital stay but even compromises long-term outcomes. Differentiating between
underlying pathological entities is clinically impossible but may be important as prognosis
in terms of recovery rate and completeness of recovery, which tends to be better in pure CIM
as compared to CIP or CIP/CIM. In cooperative patients who are not completely paralyzed,
this can be achieved by nerve conduction studies and electromyography during voluntary
contraction, assessing recruitment of motor unit potentials. In unconscious patients, alter-
native methods include the duration of CMAP or sophisticated tests comparing amplitudes
elicited by nerve and direct muscle stimulation. Muscle biopsy may be considered in case of
diagnostic uncertainty or to better estimate prognosis in cases of poor clinical progression.
A variety of changes may be identified, including muscle fiber atrophy, selective loss of myo-
sin, and fatty infiltration to overt muscle necrosis, with the latter carrying worse prognosis.

— Take Home Messages

== Neuromuscular complications are common in critically ill patients and are
considered to be the neuromuscular manifestations of multiple organ failure.
Patients with sepsis and prolonged mechanical ventilation are particularly at risk.

== Neuromuscular complications may result from neuropathic alterations (CIP),
myopathic alterations (CIM), or a combination of both. Associated muscle decon-
ditioning is common.

== CIP and CIM are clinically indistinguishable. Typical features include generalized
and symmetric weakness of the limbs and respiratory muscles. Cranial nerves
and facial muscles are generally spared. Accompanying weakness of pharyngeal
and laryngeal muscles, small fiber neuropathy, and autonomic dysfunction are
frequently present.
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== Clinical diagnosis of ICUAW can be made at the bedside by manual muscle
strength testing. Handgrip dynamometry can be used as a quick screening tool.
Both tests require patient cooperation.

== Associated respiratory weakness can be evaluated by measuring MIP (effort
dependent), endotracheal tube pressure generated by BAMPS (effort indepen-
dent), or diaphragm ultrasonography. Screening of swallowing dysfunction
includes water swallow test, video fluoroscopic swallow study, and fiber optic
endoscopic evaluation.

== EPS can be used when (1) patient is not cooperative and diagnosis of neuromus-
cular complications is deemed important at that stage and (2) if clinical improve-
ment stays out. EPS allow to identify the underlying pathological process,
yielding prognostic information.

== Comprehensive EPS consisting of nerve conduction studies and electromyogra-
phy may reveal reduced SNAPs (in CIP or edema), reduced CMAPs (in CIP or CIM)
with virtually normal conduction velocity, and spontaneous muscle electrical
activity (may be present in both CIP and CIM). Differentiation between CIP and
CIM can be made by analyzing motor unit recruitment during voluntary contrac-
tion. Alternatively, CMAP duration (prolonged in CIM) or DMS can be used.

== EPS of the phrenic nerve and diaphragm are technically challenging in the
ICU. CMAP amplitudes may also be recorded with NAVA probes.

== Nerve biopsy is very invasive and not clinically indicated. The histological corre-
late of CIP is axonal degeneration.

== Muscle biopsy allows to identify type and severity of the myopathic process. It is
selectively indicated in case of diagnostic uncertainty and may provide prognos-
tic information.
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Learning Objective

After reading the chapter, the reader should be able to...
Outline histological and molecular findings in muscle and nerves of critically ill
patients
Explain basic pathophysiological concepts that contribute to the observed histological
and molecular changes in muscle and nerves of critically ill patients

5.1 Introduction

Critical illness myopathy and critical illness polyneuropathy describe the two underlying
pathophysiological entities that lead to intensive care unit-acquired weakness (ICUAW).

“Rapid loss of flesh” was an observation made in 1892 in septic patients by William
Osler and was simultaneously the first description of a pathological entity that would later
be defined as critical illness myopathy (CIM) [1]. Over a century later, Latronico and col-
leagues were the first to objectify the observed atrophy as a defining characteristic of critical
illness myopathy [2]. Meanwhile, Bolton and others were able to show in 1984 that critical
illness polyneuropathy (CIP) is a primary neuropathy caused by axonal degeneration [3].

Since then, tremendous efforts have been undertaken by researchers to elucidate his-
tological characteristics and molecular mechanisms of critical illness-associated failure of
the neuromuscular organ system. A basic understanding of these concepts is important
not only to the before-mentioned researchers who work on pathophysiological mecha-
nisms and novel treatment approaches but also to physicians and nurses who are con-
fronted with patients affected by failure of the neuromuscular organ system during their
everyday routine. A substantial knowledge will help them to incorporate critical illness
myopathy and critical illness polyneuropathy into their patient management decisions.

This chapter will outline important histological and molecular characteristics of criti-
cal illness myopathy and critical illness polyneuropathy as well as pathophysiological con-
cepts leading up to these findings.

5.2 Molecular Pathology in CIM and CIP

Critical illness myopathy (CIM) frequently develops alone, while critical illness polyneu-
ropathy (CIP) is for the most part observed in conjunction with CIM [4, 5]. A distinct
pathophysiology can be observed in patients developing CIM as well as in patients devel-
oping CIP; however, when both evolve simultaneously, an overlap can be observed, named
critical illness neuromyopathy (CINM).

5.2.1 Critical lliness Myopathy

Critical illness myopathy can be classified as an acute primary myopathy that diminishes
muscle mass and impairs muscle function leading to clinically observable weakness and
deteriorated outcome [2, 3, 6]. Even though in concomitant CIP, a neurogenic component
of atrophy and muscle function impairment can be observed, the effect is additive and has
no causal role in the development of CIM [3].
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5.2.1.1 Muscle Homeostasis

Muscle homeostasis is the balance between muscle protein synthesis and muscle protein
degradation. It is responsible for maintenance of muscle mass. Every imbalance indepen-
dent of its nature—either physiologic or pathologic—leads to an increase or decrease in
muscle mass. The nature of the imbalance determines if it is an adaptive or a maladaptive
process. During critical illness, an imbalance in muscle homeostasis is observed, which
leads to a maladaptive shift toward muscle protein degradation.

This shift is a result of insufficient muscle protein synthesis, as seen on mRNA level
by depressed expression of genes encoding for myosin heavy chains as well as on protein
level shown by a diminished fractional synthesis rate determined through the incorpo-
ration of labeled amino acids into the muscle [7-10]. The counterparts to the insufficient
muscle synthesis are dysfunctional muscle degrading systems, which lead to increased
protein breakdown [7, 8, 11]. One of them is the ubiquitin-proteasome system (UPS),
which is mainly involved in degradation of myofibrillar components that are necessary
for muscle force generation [12]. The UPS consists, among others, of E3-ligases—
MuRF-1 and Atrogin-1—, which label proteins with ubiquitin in an ATP-dependent
fashion. This labeling process sequentially enables the 26S proteasome, representing a
proteolytic ATP-dependent complex consisting of a regulatory 19S subunit and a cata-
lytic 20S subunit, to recognize proteins and degrade them into small peptides, which are
subsequently further degraded by cytoplasmic exopeptidases [13]. During critical ill-
ness, mRNA expression as well as protein content of MuRF-1 and Atrogin-1 are signifi-
cantly increased [8, 14, 15]. In synergy with a higher proteasome activity, these data
show the involvement of the UPS in the disbalanced muscle homeostasis during critical
illness [10, 15-18]. As recent trials indicate, the activation of the UPS is suspected to be
triggered by inflammation [19, 20].

The other muscle protein degrading system is the autophagy system. It encompasses
three different types: macroautophagy, microautophagy, and chaperon-mediated
autophagy. Macroautophagy, whose main purpose is cellular housekeeping and degra-
dation of dysfunctional organelles or misfolded proteins, is initiated by the formation of
a double-membrane phagophore. This phagophore subsequently grows around the
degradable substrate and fuses to form the autophagosome, which is then transported
via the microtubule machinery to fuse with a lysosome, responsible for the actual deg-
radation process. During critical illness, tight regulation of autophagy is essential. Both
an overactivation with unphysiologically high protein degradation and a depression,
which effectuates an accumulation of potentially toxic substrates, could be detrimental.
Macroautophagy has been implicated to contribute to the neuromuscular organ dys-
function during critical illness, since skeletal muscle presents with a phenotype that is
highly indicative of insufficient autophagy. This phenotype is defined by the observation
of central nuclei and vacuolization of myofibers [21]. Corroborating this phenotype is
on the one hand the low LC3II/LC3I ratio representing insufficient formation of the
autophagosome and on the other hand the accumulation of substrates like p62 and
ubiquitin, which are degraded during proper functioning of autophagy [21].
Furthermore, a decreased LC3II/LC3I ratio was observed in patients that demonstrated
relevant muscle weakness underlining the importance of autophagy for the observed
clinical phenotype [22].
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5.2.1.2 Muscle Morphology

The consequence of these processes, which occur within the first week after ICU admis-
sion, is a severe skeletal muscle atrophy determined through a reduced myofiber cross-
sectional area as well as a reduced muscle protein content [7-9, 18, 23].

Myofiber cross-sectional area declines between 1.5% and 13.2% per day depending on
the different patient-associated factors and fiber type. On average, this results in a reduc-
tion of 17.5% until the seventh day after ICU admission and a reduction of up to 28% for
type I, 42% for type Ila, and 32% for type IIb muscle fibers [7, 8, 24]. As ultrastructural
changes on the sarcomere level can only be observed by electron microscopy, these num-
bers might be underestimated. Early during the course of illness, ultrastructural architec-
ture of the sarcomeres is preserved, while myofilaments are already absent [8, 15, 18].
Besides reduction of total myofiber size, a reduction in myofiber density (myofiber cross-
sectional area per defined muscle area) can be observed, indicating infiltration or remod-
eling processes within the muscle. Reduced myofiber density could be associated with the
deposition of lipid droplets, proliferation of connective tissue represented by intrafascicu-
lar fibrosis or edema [2, 8, 10, 25] (B Fig. 5.1).

As can already be abstracted from the previously shown data, predominance of atrophy
in fast-twitch type II muscle fibers is characteristic for critical illness myopathy [8, 9, 15, 24,
26, 27]. Even though type II muscle fibers are more severely affected by atrophic processes, no
change in muscle fiber distributions can be observed [15]. Another characteristic finding is
the selective loss of thick filaments, meaning myosin filaments, which was established through
electron microscopy as well as the absence of myofibrillar ATPase activity [18, 23, 26, 28].
This selective loss leads to a split appearance of the sarcomeric A-band, while the Z-band is
preserved [23]. Muscle necrosis is another characteristic finding of critical illness myopathy
and is observed in conjunction with macrophagocytosis [7, 25, 27, 29]. However, even though
muscle necrosis is a common finding, reports indicate that it is neither always observable nor
is it pathognomonic. Fiber-type grouping, as a sign of neurogenic atrophy and reinnervation,
is usually not evident in CIM patients [26]. Due to the inflammatory nature of most diseases
leading to a critical illness state and the association between inflammation and muscle degra-
dation, it seems intuitive that inflammatory infiltrates are common within the muscle. Some
studies corroborate this intuition, while others failed to do so [8, 29].

The involvement of glucocorticoids or neuromuscular-blocking agents (NMBA) in
neuromuscular organ failure is an ongoing debate. Histological analyses show an overlap
between Glucocorticoid-induced Myopathy and CIM, since they both feature predomi-
nant fiber type-II atrophy, but the extent to which glucocorticoids contribute is unclear
[30]. Furthermore, a loss of thick filaments with preservation of the Z-bands, a reduced
myofibrillar ATPase staining, and a severe atrophy without fiber type grouping was evi-
dent in a patient treated with NMBA and corticosteroids, which also hints toward the
involvement of glucocorticoids and NMBA in the development of CIM [31]. Recent stud-
ies indicate that the overall role is of rather small magnitude, as most patients received
glucocorticoids and NMBA at low dosages and that the observed effect is additive [10].

Denervation atrophy is not a characteristic feature of CIM. Nevertheless, in some
patients, signs of denervation atrophy such as fiber type unspecific atrophy as well as fiber
type grouping, target fibers, and central nuclei as signs of reinnervation were observed,
which is attributed to the development of CIP in parallel to CIM and its independent
effect on muscle tissue [2, 3, 26, 32, 33].
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B Fig. 5.1 Fast- and slow-twitch fibers atrophied during critical illness. a ATPase stained vastus lateralis
cross-sections from critically ill patients 5 (left) and 15 (right) days after ICU admission (type-|, -lla, and
-llb fibers are indicated; scale bar 100 pm). b Representative electron micrographs from vastus lateralis
cross sections from critically ill patients 5 (left) and 15 (right) days after ICU admission showed that myo-
fiber ultrastructure is destroyed early during critical illness (scale bar 2 pm). Myosin loss and mitochon-
drial ballooning also appeared early during critical iliness (left). Fifteen days after ICU admission, myosin
became squeezed and distorted, Z-lines were deformed, and H-zone shapes were blurred (right). Myosin
loss (thick black arrow), Z-lines (white arrow), H-zone (small black arrow), and mitochondria (white star).
(The figure and the caption are taken from Ref. [8])

The findings and concepts described above only address the acute phase of critical ill-
ness during the ICU stay. Since intensive care unit-acquired weakness has an impact on
patients shown up to 5 years after discharge, the pathophysiological processes during
rehabilitation after discharge from the ICU should not be disregarded.

After discharge from the ICU, histologic muscle atrophy was still evident in 100% of
patients after 7 days. Even though muscle mass increased in all patients within 6 months,
atrophy was still evident in 70%. Similar to the atrophy, the sarcomere architecture was
destroyed in 100% of patients 7 days after discharge. Destruction, however, resolved in all
patients within 6 months. UPS activity was also increased at 7 days after discharge, but this
increase ceased to physiologic levels until 6 months after discharge. UPS activity was
matched by an inflammatory infiltrate with leukocytes [34].
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— Take Home Message

Characteristic histologic findings of critical illness myopathy:
Muscle fiber atrophy
Predominance of type Il muscle fiber atrophy
Loss of thick filaments (Myosin)
Absence of myofibrillar ATPase activity
Necrosis (not necessarily)

Additional histologic findings of critical illness myopathy:
Lipid droplets
Denervation Atrophy (if CIP is also present)
Intrafascicular fibrosis
Edema
Inflammatory infiltration

During critical illness, the correlation between muscle mass and muscle strength is abro-
gated, and even during recovery a regain of muscle mass does not necessarily coincide
with a regain of muscle strength. This indicates a functional component to be involved in
neuromuscular organ failure during critical illness [34, 35].

Muscle function is a complex synergistic process consisting of two main components:
excitation and contraction. A disruption of either one of the parts as well as of the cou-
pling could lead to contractile muscle dysfunction as observed during critical illness.

5.2.1.3 Mitochondrial Dysfunction

Muscle contraction is a highly energy-consuming process. We have an ATP turnover
equivalent to our body weight every day. Metabolic derangements such as bioenergetic
failure could therefore easily hamper muscle contraction. Mitochondria cover roughly
90% of the daily ATP requirements, which makes a mitochondrial dysfunction highly
plausible as a causal factor for the contractile dysfunction observed in muscle during and
after critical illness.

Mitochondrial content in skeletal muscle is reduced during critical illness, and remain-
ing mitochondria are swollen with a decreased relative surface area shown in electron
microscopy [36, 37].

ATP content and mitochondrial function influence the outcome of patients with septic
shock. It was shown that impairment of mitochondrial function in skeletal muscle is
caused by critical illness and leads to reduced ATP content and worsened outcome through
reduced respiratory chain activity [38, 39]. The reduced capacity of mitochondria to pro-
duce ATP cannot solely be observed in muscle of septic patients but also in muscle of
patients that develop relevant muscle weakness (MRC < 48). Survivors of sepsis show a
compensatory response to impaired mitochondrial function in form of upregulated mito-
chondrial biogenesis and increased expression of respiratory chain complexes in skeletal
muscle [39]. The induction of mitochondrial biogenesis also differentiates patients who
develop CIM from patients who do not [40].

Oxidative stress is inherent to the inflammatory response in sepsis but is also thought
to be involved in organ dysfunction. Enzymes such as the superoxide dismutase (SOD)
protect the body from damage through oxidative stress. Mitochondria have their own
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subtype of SOD, and patients who survive sepsis show an upregulation of this mitochon-
drial SOD in skeletal muscle. The upregulation represents an oxidative stress response
protecting mitochondria from damage and probably sustaining proper functioning of
mitochondria and muscle contraction [39].

The above-described reduction in mitochondrial content was evident 7 days after dis-
charge from the ICU during recovery from critical illness. Six months after discharge from
the ICU, this reduction in mitochondrial content was resolved showing that during recov-
ery mitochondrial content increases [34].

5.2.1.4 Insulin Resistance

Contractile dysfunction as a result of insufficient energy supply cannot only evolve on the
mitochondrial level. In order for the mitochondria to function properly, they have to be
provided with the necessary substrates such as glucose via glycolysis.

Insulin resistance is a common finding during critical illness. Up to today, the exact
pathomechanism of insulin resistance has not been elucidated. The uptake of glucose into
muscle is both insulin-dependent and insulin-independent, in which case muscle con-
traction is the appropriate trigger for glucose uptake. In both cases, a translocation of
GLUT4 channels into the sarcolemma is obligatory. Patients with CIM present an impaired
insulin-dependent translocation of GLUT4 into the sarcolemma as seen in immunohisto-
chemistry, which is in line with an increased systemic insulin resistance measured via
insulin sensitivity index. Additionally, a key regulator of insulin-independent GLUT4
translocation - AMPK - is dysfunctional, impairing insulin-independent GLUT4 translo-
cation. As a result, muscle tissue is deprived of glucose possibly contributing to the phe-
notype of CIM. In line with this hypothesis is the fact that type II muscle fibers would be
more severely affected, since they are more dependent on glycolytic metabolism [40].

5.2.1.5 Non-Excitable Muscle Membrane

Decreased muscle membrane excitability is a characteristic finding in patients with critical
illness myopathy [41, 42]. A non-excitable muscle membrane impairs excitation-contrac-
tion coupling, which is associated with muscle weakness. Preliminary results from research
on cell culture and animal models explained membrane inexcitability through a depolar-
ization of the resting potential and a shift of sodium channel inactivation into the hyper-
polarized direction [43]. Both these change prevent a regular action potential transmitted
at the neuromuscular junction on to the myofiber from reaching the threshold for a myo-
fiber action potential, which in succession would lead to a muscle contraction. Due to a
lack of trials in humans with critical illness myopathy, the exact pathogenesis and impact
of sodium channel dysfunction on muscle membrane inexcitability remains unclear.

5.2.1.6 Ca?*-Homeostasis

Calcium is the link between excitation and contraction during a process termed excita-
tion—contraction coupling. After arrival of an action potential (AP) at the neuromuscular
junction, it is transmitted on to the sarcolemma. The transmitted AP activates the dihy-
dropyridine receptor that mediates Ca** influx through the opening of the ryanodine
receptor calcium release channel. The rising Ca** concentration then triggers muscle con-
traction through binding of Ca?* to Troponin C, that hampers muscle contraction if Ca®*
is not available. In order for the muscle contraction to cease, Ca** has to be quickly elimi-
nated from the sarcoplasm. This process is mediated by the sarcoplasmic reticulum Ca*-
ATPase. A tight regulation of Ca** levels is inevitable for proper muscle function.
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Research on animal models indicates that Ca?* plays an important role during the
development of CIM and muscle membrane inexcitability. The role is underlined by the
fact that fluctuation of Ca®* plasma concentration is an important risk factor for the devel-
opment of CIP/CIM [2, 32].

— Take Home Messages

Key pathophysiological concepts of critical illness myopathy:
Activation of the UPS system leads to severe muscle atrophy and causes CIM
through reduction of muscle mass.
Insufficient autophagy leads to accumulation of toxic substances and dysfunc-
tional organs, which inhibit proper muscle function.
Mitochondrial dysfunction is responsible for ATP depletion hampering muscle
function through insufficient energy supply.
Insulin resistance and insufficient GLUT4 translocation deplete muscle fibers of
glucose and are involved in the pathophysiological mechanism of critical illness
myopathy through an insufficient energy supply.
A non-excitable muscle membrane caused by a depolarized resting potential or
a shift of sodium channel inactivation into the hyperpolarized direction disables
excitation—-contraction coupling and muscle function.
Disturbances within the Ca?*-homeostasis cause critical iliness myopathy
through insufficient excitation—-contraction coupling.

5.2.2 Critical lliness Polyneuropathy

Critical illness polyneuropathy is a primary axonal polyneuropathy that manifests in
motor and/or sensory nerves [2].

Pathophysiologically, critical illness polyneuropathy can be divided into an early and a
late phase since a discrepancy between manifestations of clinical symptom as well as elec-
trophysiological changes and histologic alterations was observed. During the early phase
(approximately first 2 weeks), nerve histology was without a pathologic finding while
impaired nerve function could be shown during electrophysiologic examination. This dis-
crepancy dissolved in the late phase of sepsis, when electrophysiologically impaired nerve
function was matched by pathologic nerve histology findings [2].

5.2.2.1 Nerve Morphology

Histological manifestation of nerve pathology is aggravated distally. Since clinical manifestation
of muscle weakness during critical illness is pronounced proximally, the finding during histo-
logic analysis of peripheral nerves shows a discrepancy to the clinical manifestation [32, 33].

Characteristic finding during critical illness polyneuropathy is an axonal degeneration
with a loss of myelinated fibers in peripheral motor and sensory nerves [2, 3, 33]. This loss
also reflects in intraepidermal nerve fiber density, which was reduced in septic patients [44].
Due to the unclear pathophysiology of critical illness polyneuropathy are all these findings
not pathognomonic. Less common and uncharacteristic findings are found not only in the
peripheral nervous system but also in the central nervous system. These findings encompass
the chromatolysis of anterior horn cells as well as loss of dorsal root ganglion cells [33].
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Immune cell infiltration and demyelination are histologic alterations usually not
observed during critical illness.

— Take Home Message

Characteristic histologic findings of critical illness polyneuropathy:
Axonal degeneration
Loss of myelinated fibers
Distal aggravation

Additional histologic findings of critical illness polyneuropathy:
Chromatolysis of anterior horn cells
Loss of dorsal root ganglion cells

5.2.2.2 Microcirculatory Insufficiency

Microcirculatory alterations are frequent during sepsis and have been implicated to play a
crucial role for organ dysfunction. Since neuromuscular organ failure can be included into
the spectrum of organ dysfunction that is observed during critical illness, the involvement
of microcirculatory alterations in its pathogenesis seems obvious. Endothelial cell activa-
tion was observed in the vascular system of peripheral nerves. Specifically, immunoreac-
tivity for E-selectin was observed during immunohistochemistry of peripheral nerves in
critically ill patients. The endothelial activation leads to a damage within the blood-nerve
barrier and increased microvascular permeability that is hypothesized to influence the
endoneurial microenvironment. Changes within the fragile endoneurial microenviron-
ment could be responsible for early fiber dysfunction and late fiber degeneration [45].

Hyperglycemia is a proven risk factor for critical illness polyneuropathy [46, 47].
Glucose uptake into nerves is mediated by the insulin-independent GLUT3 transporter.
Due to the insulin independency and the high glucose affinity of the GLUT3 transporter
are nerves subjected to severe hyperglycemia. Hyperglycemia leads to the production of
ROS, which could be detrimental to nerves.

It was shown that hyperglycemia induces reactive oxygen species (ROS) production,
and pathways associated with hyperglycemia mediated cell damage such as production of
advanced glycation endproducts in endothelial cells [48]. Advanced glycation endprod-
ucts also play an important role in regulation of the blood-nerve barrier as they induce
basement membrane hypertrophy, which disrupts the blood-nerve barrier [49]. A disrup-
tion of the blood-nerve barrier could as described above alter the nerval environment and
lead to dysfunction and/or degeneration.

5.2.2.3 Channelopathy
Sodium and potassium are the main ions responsible for the transmission of action poten-
tials along motor and sensory nerves. Alterations in potassium and sodium concentra-
tions as well as modifications of participating channels could lead to a disrupted action
potential transmission and a nerve dysfunction.

Abnormal membrane depolarization is commonly observed in critically ill patients.
Patients with CIP present an inactivation of voltage-gated Na* channels, leading to
reduced membrane excitability, which is a trigger for muscle weakness [50].
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The knowledge regarding the pathophysiology of critical illness polyneuropathy is low

due to a paucity of studies in humans. Therefore, most concepts are hypothetical, and
further research is necessary to confirm or disconfirm the hypotheses.

— Take Home Messages

Key pathophysiological concepts of critical illness polyneuropathy:
Microcirculation insufficiency through endothelial cell activation causes periph-
eral nerve dysfunction through alterations in the endoneurial microenvironment
Hyperglycemia induces ROS, which cause critical illness polyneuropathy through
microvascular alterations leading to a blood-nerve barrier dysfunction
Sodium channelopathy causes critical illness polyneuropathy through reduced
membrane excitability
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Learning Objectives
To understand the scope of medical complexity in survivors of critical illness
To identify the evolution in and range of outcomes published over the past 40 years
To identify if functional disabilities can co-occur, if they are affected by severity of
illness or reasons for ICU admission, and if they are caused by ICU treatment or are an
amplification of pre-existing disease before the ICU admission
To understand why ICU and post-ICU rehabilitation interventions have failed to show
benefit
To appreciate the need for multidimensional outcome measures that deliver risk-
stratified, focused, and tailored care.

— Take-Home Message

Survivors of critical iliness display a myriad of functional disabilities reflecting
acquired medical complexity following discharge from ICU. Only a handful of
interventions designed to improve disability have been effective, underscoring the
limitation of applying generic interventions to a heterogeneous group of patients.
Future outcome studies may wish to consider the simultaneous administration of
multidimensional outcomes that — taken together — may help to inform patient- and
family-oriented, risk-stratified, tailored, and focused care.

6.1 Background

Since the inception of modern intensive care units (ICU) following the polio epidemic in
Copenhagen in the 1950s, there has been a steady evolution in care and outcomes [1].
Advancement of technology, therapeutics, and healthcare provisions in critical care have
led to a growing population of survivors of critical illness and a resultant paradigm shift in
delivery of care: from a focus on resuscitation and mechanical ventilation to the examina-
tion of interventions to reduce mortality and, more recently, morbidity. One of the impor-
tant current challenges in critical care is the vast heterogeneity of our patient populations.
The spectrum extends from the young patient with severe pulmonary hypertension await-
ing heart-lung transplant supported on veno-arterial extracorporeal membrane oxygen
(VA-ECMO) to the middle-aged woman with influenza-related acute respiratory distress
syndrome (ARDS) to the elderly gentleman from a nursing home admitted with sepsis
from a urinary tract infection. Prior health states and recovery after severe illness may be
very different, and complex outcomes require nuanced and multidimensional measures to
tully inform and optimize healthcare transitions and services required to optimize func-
tional independence and quality of life.

In 1984, the renowned British theologist and medical ethicist Gordon Dunstan stated:
“the success of intensive care is not, therefore, to be measured only by the statistics of
survival as if each death is a medical failure, it is to be measured by the quality of life pre-
served or restored and by the quality of human relationships involved” [2]. In the decade
following this, data on functional outcomes in ICU survivors began to emerge and showed
that important physical and neuropsychological dysfunction extended beyond acute care
hospitalization after critical illness. Most recently, this has been referred to as “post-
intensive care syndrome” (PICS) [3] where acquired or exacerbated disability resulted in
compromised long-term survival, frequent hospital or ICU readmissions, more specialist
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services use, and higher costs [4]. Although compartmentalizing long-term outcomes into
a syndromic phenomenon serves to elevate awareness about outcomes after critical illness
and may help to simplify this construct for research purposes, it may not fully embrace the
reality of the diverse and heterogeneous morbidities that may not benefit from the appli-
cation of a simple, generic, and time-limited intervention. This may be an important fac-
tor in the failure of many targeted interventions applied during or after the ICU stay to
improve quality-of-life outcomes [4-7].

In this chapter, we will review the scope and impact of post-ICU disability including
its epidemiology, spectrum of functional outcomes, and associated risk factors. We will
briefly review selected interventions for patients and caregivers and why these interven-
tions have had limited success. We will conclude with a discussion about how the future of
outcomes work may be re-shaped by embracing multidimensional outcome measures to
achieve focused, risk-stratified, tailored follow-up care for survivors of critical illness and
their families .

6.2 Scope of the Problem: Epidemiology of Functional Outcomes

Survivors of critical care acquire a complex recovery trajectory following their acute ill-
ness. In patients who are mechanically ventilated for more than 48 hours, 25-40% develop
ICU-acquired weakness, and the reported prevalence is higher in patients with sepsis and
prolonged ICU stay [8-11]. Moreover, physical weakness and inability to exercise are
common with severe impairment reported in more than half of ARDS survivors [12, 13].
This muscle wasting and weakness attributed to polyneuropathy, myopathy, and disuse
atrophy develops in 25% of patient requiring prolonged mechanical ventilation. Ventilator-
induced diaphragmatic dysfunction is also common and occurs in half of patients with
sepsis or following prolonged mechanical ventilation [14, 15].

The reported incidence of cognitive impairment after critical illness varies widely from
4% to 64% [16].The presence of delirium and its duration (only recognized in one-third of
cases) are associated with neurocognitive dysfunction and mortality over the first year
after critical illness [17, 18]. Up to one-third of ICU survivors report symptoms of depres-
sion, and almost one-tenth of patient have symptoms consistent with post-traumatic
stress disorder (PTSD) [19]. Delusional memories and PTSD have been associated with
altered health-related quality of life (HRQoL) in 70% of patients [20].

Over 50% of survivors of prolonged mechanical ventilation required assistance from
family caregivers up to 1 year after their critical illness [21], and half of ARDS survivors
were unable to return to work by 12 months following discharge from ICU [22, 23].

These figures highlight the burden of the acquired medical complexity following sur-
viving critical illness and underscore the importance of understanding the extent of this
disability and opportunities to mitigate it.

6.3 Traditional Long-Term Outcome Measures in Critical Care

The current focus on a continuum of care and long-term outcomes after critical illness
originated from the longitudinal evaluation of ARDS patients. From small case series pub-
lished shortly after the first description of ARDS by Ashbaugh and Petty in 1967 [24] to
more detailed and thorough longitudinal studies of patients with ARDS, long-term
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outcomes evolved from a focus on pulmonary function to generic quality-of-life mea-
sures, to encompass a comprehensive exploration of functional and neuropsychological
outcomes. The focus thereafter expanded to include an evaluation of all survivors of criti-
cal illness and their caregivers and revealed numerous factors that result in this disability,
medical complexity, and increased healthcare cost (B Table 6.1).

6.3.1 Pulmonary Function Outcomes

Downs and colleagues were the first to report a case of a young woman with sepsis-related
ARDS followed up for 5 months with pulmonary function tests [25]. Patients with ARDS
were thought to be unique in representing a primary pulmonary lesion. Initial studies
focused on pulmonary function testing as a surrogate for recovery and revealed variable
obstructive and restrictive defects that improved within 6 months following extubation
[26, 27]. Some investigators reported that the pulmonary dysfunction was unrelated to the
initial lung injury but rather due to interventions applied in the ICU [26], while other
investigators reported the contrary [27]. These observations were limited by small patient
samples, incomplete follow-up, and heterogeneity of baseline pulmonary disease, leading
to difficulty in understanding that the reported physical disability in ARDS survivors
extended beyond pulmonary dysfunction.

6.3.2 Generic Health-Related Quality-of-Life (HRQoL) Outcomes

Outcome studies underwent a shift of focus from pulmonary function measures to the
assessment patients’ experience of major changes in their physical, emotional, and social
well-being and captured as quality of life (QoL) of survivors [28-30]. Early studies used
the generic Medical Outcomes Study Short-Form 36-Item Health Survey (SF-36) [31], to
determine the impact of ARDS on eight domains of physical and social functioning, role
limitations due to emotional or physical problems, mental health, vitality, bodily pain, and
general health perceptions. This scale is valid and quick to complete and allowed com-
parison with other patient populations.

Weinert and colleagues demonstrated that QoL profiles of ARDS survivors at 1 year
after ICU discharge were significantly worse than the general population [28]. Schelling
and colleagues reported good physical and social functioning with high rate of employ-
ment but impairment in psychosocial functioning [29]. Davidson and colleagues described
significant reduction in generic and pulmonary disease-specific HRQoL most pronounced
in the physical and social functioning domains, in survivors of trauma- or sepsis-related
ARDS in comparison to matched patients without ARDS [30]. These studies were limited
by cross-sectional or retrospective design, relatively low number of patients, potential of
recall bias, and inability to assess baseline HRQoL. Moreover, decrements in physical
function domains and subsequently exercise limitation were thought, at the time, to be
related to residual pulmonary function abnormalities.

Several other tools were used to evaluate QoL. The Sickness Impact Profile (SIP) is a
multidimensional health index consisting of 12 categories that can be grouped into physi-
cal dimension, psychosocial dimension, and other categories including sleep and rest, eat-
ing, work, home management, recreation, and pastimes. Tian and colleagues demonstrated
that dysfunction in the physical dimension was most dominant, expect in younger patients
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(30-50 years) where psychosocial dysfunction was more prominent, up to 6 months fol-
lowing discharge from ICU [32]. Subsequent to these reports, more investigators began
examining QoL in survivors of critical illness up to 5 years after ICU discharge [33-36].
The most commonly used tools were SF-36 and EuroQoL-5D (EQ-5D). Overall critically
ill patients had a lower quality of life than an age- and gender-matched population, with
worst QoL seen in cases of severe ARDS, prolonged mechanical ventilation, severe trauma,
and severe sepsis [36]. Although QoL tends to improve with time, some studies showed a
decline between 2.5 and 5 years after the initial improvement to pre-morbid levels at
1 year [35].

6.3.3 Combining Functional Outcomes with HRQoL

McHugh and colleagues were the first to combine pulmonary function testing with SIP in
ARDS survivors with 1-year follow-up after extubation [37]. There was considerable
improvement within 3-6 months following extubation in pulmonary function and self-
perceived health score that plateaued thereafter. Most importantly, total health score was
significantly higher than the lung-related SIP indicating that patients typically did not
attribute their health problems to breathing difficulties at least by 6 months following
extubation. Nonetheless, etiology of this reported dysfunction was uncertain.

In a larger cohort of ARDS patients, Angus and colleagues combined pulmonary func-
tion tests with Quality of Well-Being (QWB) to assess HRQoL across two dimensions,
function (physical activity, social activity, and mobility) and symptoms, which determine
health utilities [38]. QoL was markedly impaired and resulted in a low quality-adjusted
survival in the first year after ARDS. Furthermore, up to 70% of patients reported muscu-
loskeletal symptoms at 12 months which the authors thought to be unrelated to ARDS.

The seminal longitudinal study by Herridge and colleagues evaluated ARDS patients
at 3, 6, and 12 months with detailed in-person interview and complete physical examina-
tion, chest radiographs, pulmonary function testing, six-minute walk test, and QoL evalu-
ation using SF-36 [12]. Survivors of ARDS manifested persistent functional limitation
1 year after being discharged from the ICU, which was largely due to muscle wasting,
weakness, and fatigue, implicating extrapulmonary disease with impaired neuromuscular
function as an important determinant of exercise limitation. This was corroborated by
detailed radiological examination showing an absence of significant structural pulmonary
changes that could explain the functional limitation [39]. This cohort continued to show
persistent exercise limitation and lower than normal HRQoL at 2 years [40] and 5 years
[22] after ICU discharge, with greater recovery in younger patients with most retaining
the ability to live independently.

The detailed in-person evaluation by Herridge and colleagues revealed a myriad of
physical impairments contributing to morbidity and medical complexity and included the
following: entrapment neuropathy, heterotopic ossification and joint contractures, tracheal
stenosis and vocal cord dysfunction, and cosmetic concerns related to scarring at trache-
otomy, central line and chest tube sites, striae, and facial scars from prolonged noninvasive
mask ventilation [12, 22]. The robust findings of prolonged exercise limitation and func-
tional disability in ARDS survivors were confirmed by many other investigators [8, 41, 42].
Both Fan and Pfoh and colleagues examined specific muscle strength and outcomes by
evaluating extremity, hand grip, and respiratory muscle strength using maximum inspira-
tory pressure (MIP), anthropometrics, and standardized manual muscle testing (MMT)
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graded with the Medical Research Council (MRC) scale, which revealed objective muscle
weakness in over one-third of patients at hospital discharge, that improved by 1 year but
had persistence in physical dysfunction and HRQoL at 2 [8] and 5 years [42].

Needham and colleagues examined the relationship between protein and caloric
intake in modulating muscle weakness of ARDS patients in a longitudinal ancillary study
of the Early vs. Delayed Enteral Feeding (EDEN) trial of initial trophic versus full enteral
feeding up to 6 days following randomization. Both patient-reported [43] and performance-
based physical outcomes [44] showed below predicted values at 6 and 12 months with
some improvement over time in both arms of the trial with no effect attributed to protein
or caloric intake.

Although muscle wasting following critical illness occurred early and rapidly [45], the
underlying mechanism of muscle weakness was postulated to be multifactorial and not fully
understood. Corticosteroid-induced and critical illness-associated myopathy and polyneu-
ropathy, and prolonged use of sedation and paralytic agents have been implicated as risk
factors [12]. Duration of bed rest, immobilization, ICU length of stay, older age and pre-ICU
comorbidities, and not severity of illness or ICU physiological derangement have been associ-
ated with acquired weakness and muscle dysfunction in patients with shock and ARDS [8, 13,
41, 42, 46]. The persistent muscle wasting and weakness generated interest in what has been
described as intensive care unit-acquired weakness (ICU-AW) which is a consequence of a
myosin depletion myopathy and axonopathy occurring in isolation or together [47]. Several
molecular mechanisms of muscle and nerve injury have been studied including upregula-
tion of the ubiquitin-proteasome pathway and marked proteolysis that begins within hours
of critical illness [48]. While muscle repair after critical illness may be variable, recovery of
contractile forces and muscle mass may be discordant at long-term follow-up [49].

6.3.4 Neuropsychological and Mental Health Outcomes

Early work in long-term outcomes after critical illness clearly indicated that cognitive dys-
function and mood disorders were important determinants of recovery.

6.3.4.1 Neuropsychological Outcomes

Hopkins and colleagues were the first to examine neuropsychological sequelae in ARDS
survivors utilizing a battery of cognitive and psychological tests (Wechsler Adult
Intelligence Scale-Revised (WAIS-R), Wechsler Memory Scale-Revised (WMS-R), Trail
Making Test Parts A and B, Beck Depression Inventory (BDI), Beck Anxiety Inventory
(BAI), and the Faschingbauer Short Form Minnesota Multiphasic Personality Inventory
(MMPI)) [50]. They were able to demonstrate cognitive and affective impairments in
100% of the cohort at hospital discharge. At 1-year follow-up, 78% of patients had all or at
least one of impaired memory, attention, concentration, and/or decreased mental process-
ing speed, with 30% exhibiting global cognitive decline. Even after follow-up for 2 years,
similar findings were demonstrated by the same investigators with persistence of neuro-
cognitive impairment in 47% of patients [51].

Iwashyna and colleagues were the first to explore cognitive impairment in survivors of
severe sepsis, an older cohort of patients in comparison to ARDS survivors. They demon-
strated moderate to severe cognitive impairment and decrements in function assessed by
activities of daily living (ADLs) and instrumental ADLs (IADLs) [52]. The Bringing to
Light the Incidence of Neuropsychological Dysfunction in ICU Survivors (BRAIN-ICU)
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study examined patients mechanically ventilated with respiratory failure or shock using
the Repeatable Battery for the Assessment of Neuropsychological Status (RBANS) and
Trail Making Test Part B and showed that at 3 months 40% of the patients had global
cognitive scores that were similar to patients with moderate traumatic brain injury and
26% had scores that were similar to patients with mild Alzheimer’s disease and persisted
at 12 months in both older and younger patients [18]. A major limitation of most studies
is the lack of information on baseline cognitive function, since patients with an abnormal
cognitive baseline are at increased risk for critical illness [53].

Mechanisms of cognitive dysfunction are incompletely understood, but several factors
are postulated. Severe sepsis is independently associated with a tripling in the odds of mod-
erate to severe cognitive impairment [52]. In a mixed ICU population mechanically venti-
lated for sepsis and ARDS, increase in duration of delirium was an independent predictor
of cognitive performance [18, 54]. Use of sedative and analgesic medication was not con-
sistently associated with cognitive impairment [18]. Moreover, serial brain MRI studies
have demonstrated global brain atrophy with preferential involvement of the superior fron-
tal gyri, thalami, cerebellum, and hippocampal regions, all key areas for cognitive process-
ing [55]. Older age, lower level of education, comorbid conditions, hypoxemia, duration of
mechanical ventilation, fluid management, and dysglycemia are some of the other factors
that may contribute to cognitive dysfunction [16, 50, 56]. Sleep disruption, a risk factor for
delirium, remains an understudied potential contributor to cognitive impairment [57].

6.3.4.2 Mental Health Outcomes

Schelling and colleagues were the first to describe the occurrence of post-traumatic stress
disorder (PTSD), using Post-Traumatic Stress Syndrome 10-Questions Inventory (PTSS-
10), and associated decrements in the mental health domains on SF-36 in ARDS survivors
[29]. Hopkins described moderate to severe depressive symptoms and anxiety which
improved within the first year after ICU discharge but declined by 2 years [51]. Depressive
symptoms were also observed in general medical ICU patients at 6 [58] and 9 months [59,
60]. Complex physical disability may contribute to social isolation and sexual dysfunc-
tion, and clinically important mood disorders may persist in over half of patients up to
5 years, which has been demonstrated across different cohorts [22, 61].

Risk factors for cognitive dysfunction are still incompletely understood, but candi-
dates include hypoglycemia, ICU benzodiazepine use, morbid obesity, younger age,
female sex, unemployment, alcohol misuse, and greater opioid used [62, 63].

6.3.5 Return to Work, Cost, and Pattern of Healthcare Utilization

Acquired complex disability after critical illness impacts the return to prior societal and
familial roles and impacts patients, families, and society [64]. Return to work represents
an important patient-centered outcome and meaningful metric of recovery after critical
illness [65, 66]. Herridge and colleagues showed that 49% of ARDS survivors returned to
work by 1 year [12], 65% by 2 years [40], and 77% by 5 years [22], mostly to their original
employment. These findings have been replicated by others [23, 67].

Several studies examined risk factors associated with inability to return to work. In pre-
viously employed ARDS survivors enrolled in randomized controlled trials, older age, base-
line comorbidities, longer duration of mechanical ventilation and hospital length of stay, and
discharge to healthcare facility were associated with inability to return to work [23, 67]. In a
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general ICU cohort ventilated for more than 24 hours and previously employed, major
trauma, lower GCS, and increased hospital length of stay determined the inability to return
to work at 6 months post-ICU admission and was related to worse functional recovery [68].

Detailed studies of cost after critical illness are still uncommon. In an ARDS cohort
followed up for 2 years, Cheung and colleagues demonstrated that the largest proportion
of healthcare costs was due to the initial hospital stay with 75% due to ICU costs [40].
Kamdar and colleagues found that 71% of ARDS survivors at 1 year reported earning
losses averaging 43% of pre-ARDS annual income [23]. This effect persisted up to 5 years
with loss of private health insurance and the need for government-funded insurance [67].
A propensity-matched study of sepsis survivors found similar findings [69]. Financial
stress has been associated with female sex, having young children, and baseline financial
disadvantage [70]. In patients receiving prolonged mechanical ventilation defined as
21 days or more, Unroe and colleagues estimated the cost for an independently function-
ing survivor at 1 year at a staggering $3.5 million US dollars [71].

6.4 Can Functional Disabilities Co-occur?

It is clear from outcomes work to date that researchers often examined one aspect of com-
plex disability in isolation. One of the earlier instruments used in outcome research was the
SE-36, which was thought to be a multidimensional outcome measure since it comprises
both physical and mental components [12]. When the mental health (MH) domain and
mental health component summary (MCS) of SF-36 was compared to other validated psy-
chological instruments, it fared well in survivors of ARDS [72]. Nonetheless, MCS SF-36
cannot differentiate the constructs of depression and anxiety, and without the application of
specific mental health instruments, important contributors to disability may be missed.

Marra and colleagues further explored this question using data from BRAIN-ICU [18]
and Delirium and Dementia in Veterans Surviving ICU Care (MIND-ICU) [73]. In
patients without baseline cognitive impairment or functional disability, the co-occurrence
of newly acquired cognitive impairment, disability in ADLs, and depression existed
among survivors of a critical illness and was present in 20% of patients at 1 year [74].
Education was found to be protective, and frailty was predictive of the development of
long-term disability following critical illness. This led to the hypothesis that there are sev-
eral subtypes to “PICS” In fact, this might indicate that long-term outcomes following
critical illness transcend a syndromic construct and, rather, represent varying medical
complexity that persists after ICU discharge.

6.5 Does Severity of lliness or Diagnosis at Admission Determine
Functional Disability?

Admission to ICU is a potent marker of acquired multi-morbidities and medical complexity.

The RECOVER Program (Phase I) determined that severity of illness captured by the
Acute Physiology and Chronic Health Evaluation (APACHE) II and Multiple Organ
Dysfunction Syndrome (MODS) were not associated with outcomes in survivors of 7 days
of mechanical ventilation [75]. This was confirmed recently by Griffith and colleagues in
a general cohort of ICU survivors [46]. Furthermore, in patients who have been identified
as persistently chronically ill, an entity that is thought to be distinct from PICS, admission
diagnosis and physiological derangement, which predicted mortality on admission, pro-
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gressively lost their predictive value in patients who spent 10 or more days in ICU [76].
Functional disability in ICU survivors may be determined by other factors, and not admis-
sion diagnosis, or severity of illness.

6.6 Is Functional Disability Caused by ICU or Is It an Amplification
of Pre-existing Health Trajectory?

Age and pre-morbid health status are important contributors to long-term disability.
Older age, frailty, and more comorbid illness are important modulators of outcome after
critical illness [13, 77, 78]. This has recently been demonstrated in the RECOVER pro-
gram, where age, ICU length of stay, and higher Charlson comorbidity score were strongly
associated with 1-year mortality [75].

Average life expectancy has increased dramatically over the past century and is esti-
mated to increase even further, but maximum longevity appears unchanged [79]. In ICU
survivors of 1 week or more of mechanical ventilation, disability group stratification based
on age (and ICU length of stay) conferred the worst 1-year recovery for older patients,
which was found to be independent of admitting diagnosis and illness severity [75].
Moreover in patients 65 years and older, hospitalization with mechanical ventilation sig-
nificantly increased 1-year mortality, and in survivors, disability and impairment of ADL
were greater [80]. In trauma patients, age was found to be a significant risk factor for death
[81]. Additionally, when patients 65 years and older with severe sepsis were examined for
the effect of sepsis on the development of “geriatric conditions” (e.g., falls, incontinence,
vision loss, hearing loss, and chronic pain), development of these conditions was not asso-
ciated with severe sepsis but rather a reflection of pre-sepsis health trajectory [82]. Sepsis
damages cellular and mitochondrial function and exhausts stem cells and contributes to
physiological loss of reserve, organ decline, and reduced function [79].

Among octogenarians, even minimal impairment in pre-ICU cognitive status was
associated with an increase in post-ICU disability over the 6 months after a critical illness;
and moderate cognitive impairment doubled the likelihood of a new nursing home admis-
sion [83]. Elderly patients (>75 years) admitted to ICU rapidly lose autonomy as assessed
by Barthel index and IADL reflecting lack of “physiological reserve” [84]. Within 1 year of
surviving prolonged mechanical ventilation (>21 days), survivors experienced multiple
transitions of care, and 67% required readmission to ICU [71]. Unroe and colleagues
determined that older age and comorbid conditions were associated with poor outcomes.
Furthermore, pre-existing comorbidity as determined by the Functional Comorbidity
Index was recently found to be strongly associated with HRQoL and physical symptoms
1 year following critical illness [46], and two or more comorbidities are a strong risk factor
for ICU mortality is a general medical and surgical ICU cohort [75]. These studies are
limited by survivorship bias since follow-up functional data cannot be obtained on
deceased participants between assessments.

Frailty is a multidimensional syndrome characterized by loss of physiologic and cogni-
tive reserve that confers vulnerability to adverse outcomes [85]. Frailty is common in the
ICU with approximately one-third of patients meeting frailty criteria [86]. Heyland and
colleagues determined that lower frailty index, younger age, and fewer comorbidities were
associated with physical recovery in octogenarians admitted to ICU for at least 24 hours
at 1-year follow-up [87]. Ferrante and colleagues identified pre-ICU functional trajecto-
ries in octogenarians as an independent risk for worsening disability and 1-year mortality
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[88]. Nevertheless, frailty in critical care is not only associated with older age [89].
Brummel and colleagues found that the Clinical Frailty Scale was independently associ-
ated with greater disability in IADLs and greater mortality at 3 and 12 months in patient
65 years and younger [86]. Moreover, Bagshaw and colleagues also confirmed that prehos-
pital frailty was common and associated with higher rate of mortality at 1 year in a cohort
with a mean age of 58 years [90].

6.7 Interventions to Aid Recovery from Acquired Critical lliness
Disability

Exercise rehabilitation programs initiated after ICU discharge have reported inconsistent
benefit [91]. Interventions targeting early ICU mobilization in previously functionally
independent patients offer encouraging results [92], whereas other programs focused on
nurse-led follow-up [5], disease management [93], physical therapist-led [7] and physical
and nutrition-based rehabilitation [94, 95], or enhanced rehabilitation at home [96] have
failed to show a clear benefit. Patient heterogeneity, generic interventions, and targeting
muscle strength in isolation are some of the factors that account for this disparity [75, 97].

Despite the lack of rigorous neuropsychiatric rehabilitation studies [98], ICU diaries
resulted in reduction in PTSD [99], and cognitive- and physical-based pilot studies con-
firmed feasibility and improvement in performance [100, 101]. Significant reduction of
delirium reported by Schweickert and colleagues was attributed to physical rehabilitation
rather than reduction in sedation [92]. Additionally, implementing the ABCDEF bundle
reduced the risk of delirium [102]. For further details on rehabilitation intervention,
please refer to » Chaps. 19-24.

6.8 Integration of Patients’ Caregivers

ICU survivor-caregiver dyad needs to be the new standard for care delivery and metric of
choice in long-term follow-up and intervention studies following critical illness.
Caregivers, family, or close friends identified compromised HRQoL, PTSD, emotional
distress, depression, and anxiety associated with their role [103]. Moreover, 27% of care-
givers of ARDS survivors followed up for 5 years reported anxiety, depression, or PTSD
[22]. Caregivers who are challenged in their caregiving role may contribute to poor reha-
bilitation and worsened outcomes [104]. Chronic stress in caregivers promotes illness and
has been identified as an independent risk factor for mortality [105]. Recently, Cameron
and colleagues identified that caregivers’ younger age, lack of social support, and lack of
own life control were significantly associated with worse outcomes [106]. Further details
could be found in » Chaps. 17 and 18.

6.9 Need for Multidimensional Outcome Measures

Numerous instruments have been developed and used to assess ICU survivors over the
past three decades or so. Recently, Turnbull and colleagues led a scoping review of cogni-
tive, physical, and mental health outcomes in survivors of critical illness and found that in
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the 425 studies published over the past 40 years, 250 different instruments (question-
naires, phone or personal interviews, physical examination, proxy interviews, chart
reviews, and neurocognitive tests) were used to assess outcomes [107]. A meaningful syn-
thesis of this literature is therefore difficult due to the vast heterogeneity in outcomes
measured in each domain, the lack of standardization in the number and duration of fol-
low-up, and the lack in combining performance-based and patient-reported or patient-
important outcome measures. ICU survivors may experience positive emotions and life
satisfaction not only functional disability that occurs after hospital discharge, therefore
emphasizing the importance of patient-centered outcomes.

Amid this chaotic and incomplete picture (B Fig. 6.1), it is prudent to utilize multidi-
mensional outcome measures for long-term follow-up and intervention studies of critical
illness survivors. In @ Table 6.2, we highlight some tools that may assess functional out-
comes in this manner, globally and reliably. When selecting the most appropriate outcome
measures, clinicians and researchers may wish to consider which outcome measures have
robust clinimetric properties [108]. This includes the ability of an outcome measure to be
valid, predictive, responsive, and applicable, with limited floor or ceiling effect. This is
particularly important for a challenging environment such as ICU, where fluctuations in
patient mental alertness, ability to follow commands, inability to mobilize, rapid changes
in medical stability, and a confined space may impact on the choice, reliability, and validity
of outcome measures.

The World Health Organization (WHO) International Classification of Functioning
(ICF) framework provides a multidimensional conceptual model to guide patient assess-
ment and evaluation [109]. Evaluation of long-term outcomes in the context of the ICF is
an opportunity to reconcile disparate findings and consider new and unexplored interven-
tions that may provide sustained improvement in the lives of survivors of critical illness

Risk Factors Functional Outcomes

Age Sedation Mechanical
ventilation
Corticosteroids PET
Metabolic imbalance
Comorbidity . Physical
Duration Frailt
of ICU stay Yy
Delirium Hypoxemia o Neuro-
sl ___psychological
|mm°b|||ty return to Cognitive
Sepsis ICUAW
Mental
. Endocrinopathy
Pre-ICU trajectory
functional baseline Inflammation

B Fig. 6.1 Functional outcomes in survivors of critical illness reflecting the medical complexity of both
risk factors and outcomes



88 A.A. Al-Fares and M. Herridge

B Table 6.2 Candidate multidimensional outcome measures in physical, neuropsychological,
and HRQoL domains

Outcome
measure

FIM [125]

Barthel
index
[126]

Katz ADL
index
[127]

Lawton
IADL
[128]

Description and main features

Patient-centered measure of functional disability
that captures the burden of care required by the
patient daily, including progress during in-patient
rehabilitation

Two separate domains of items comprise motor
domain of 13 items and cognitive domain of 5
items

Multidimensional measure which assesses self-care,
sphincter control, transfers, locomotion, communi-
cation, and social cognition

Total score between 18 and 126, ranging from
complete dependence to complete independence,
respectively

Ordinal scale used to measure performance in ADLs
Measure the capacity to perform 10 basic activities
of daily living

Items divided into groups that relate to self-care
(feeding, grooming, bathing, dressing, bowel and
bladder care, and toilet use) and mobility (ambula-
tion, transfers, and stair climbing)

It gives a quantitative estimation of the patient’s
level of dependency with scoring from 0 (totally
dependent) to 100 (totally independent)

Developed for assessing functional status of elderly
patients

Assess the performance in 6 functions: bathing,
dressing, toileting, transferring, continence, and
feeding

Graded from dependent to independent with score
from 2to 6

Claimed to study prognosis and effectiveness of
treatment and provide knowledge of the aging
process

Designed to be observer-completed

Developed to assess more complex tasks such as
financial and medication management, driving,
shopping, house cleaning, and meal preparation

IADL dependencies reflect higher-order func-
tional impairments due to the cognitive demands
required for successful task completion

Score from 0 (dependent) to 8 (high function,
independent)

Pros (+) and cons (-)

(+) Predicts disability out-
come and rehabilitation
needs in diverse populations
of patients

(+) Reliable and valid

(=) Limitation to application
in the ICU setting (e.g., stairs)
and therefore inability to
score

(=) Ceiling effect in assessing
change after discharge from
rehabilitation

(+) Highly reliable

(+) Used widely and short
without the need for experi-
enced examiner

(=) Psychological properties
not evaluated well

(—) Differential scoring if
environment of the test
changed (i.e,, home vs
outside)

(+) Easy and quick
(+) Sensitive to change in
health status

(=) Less correlative to scales
examining mobility and
house confinement

(=) Limited in ability to
measure small increments of
change of rehabilitation

(+) Easy to administer
(+) Valid and reliable

(=) Variation in defining IADL
dependency

(=) Since its self-reported,
might lead to over- or under-
estimation of ability
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O Table 6.2

Outcome
measure

PFIT [129]

FSS-ICU
[130]

HADS
scale
[131]

IES [132]

(continued)

Description and main features

Developed for ICU patients who may not be able to
mobilize away from bedside

Contain 4 domains, (a) amount of assistance for sit
to stand, (b) strength for shoulder flexion and knee
extension, (c) marching in place, and (d) an upper
extremity endurance task of arm elevation to 90°
shoulder flexion

Ability to assess vital sign response to exercise
Each domain has a specific rating scale

Ordinal scale similar to FIM and used for in-patient

rehabilitation

Consistent of 3 pre-ambulation categories, (a) roll-

ing, (b) supine to sit transfers, and [3] unsupported
sitting, and 2 ambulation categories: (a) sit to stand
transfers and (b) ambulation

Total score from 0 to 35. A score of 0 is assigned if a
patient is unable to perform a task due to physical
limitations or medical status

Developed to measure mood disorders of anxiety
and depression in non-psychiatric patients, which
is a self-assessment instrument

Comprise 14 items, divided into 2 subscales, for
depression and anxiety

Avoids inclusion of items that could be present
with physical illness, like loss of appetite and
insomnia

Patients assess their emotional state over the “past
week”

IES 15-item, disease-specific measure which
assesses levels of subjective post-traumatic psycho-
logical distress. IES-R adds an additional 7 items for
hyperarousal symptoms

Provides specific measure of event intrusion and
event-related avoidance, the two key elements of
PTSD

Scale of 0-5, related to thoughts during prior

7 days

89

Pros (+) and cons (-)

(+) Reliable and responsive
to change

(+) Objective measure of
endurance

(—) Limitation for not assess-
ing ambulation, therefore
likely to have floor and ceil-
ing effect in ICU population
(—) Not appropriate for
patients who are unable to
follow commands

(+) Ideal for ICU settings
(+) Valid and reliable

(=) Ceiling effect for long-
term follow-up

(-) Might take longer to
complete depending on
patient’s functional status

(+) Correlates with psychiat-
ric evaluation

(+) Simple and easy to
implement

(—) Does not include all diag-
nostic criteria for depression,
therefore must inquire
about appetite, sleep, and
self-harm/suicidal thought if
indicated

(+) Simple and applicable
(+) High sensitivity

(=) Low specificity

(=) Does not correspond
to DSM-based definition of
PTSD

(continued)
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O Table 6.2

Outcome
measure

Trail
Making
Test A
and B
[133]

TICS [134]

EQ5D-5L
[136]

WHODAS
2.0[137]

(continued)

Description and main features

Developed to assess attention, perceptual speed,
cognitive flexibility, and visual memory

Two-part instrument. Trial Making Test A is a test

of simple visual motor attention that is scored in
seconds. Trail Making Test B is a similar visual motor
attention test that requires subjects to shift atten-
tion between two sets of stimuli and is measured

in seconds

An impaired score on the Trail Making Test B is
indicative of cognitive impairment

Global mental status test that can be administered
either over the phone or face to face
High correlation with MMSE

Cognitive domains measured include orientation,
concentration, short-term memory, language,
praxis, and mathematical skills

A modification, TICS-M [135], also includes delayed
recall and verbal comprehension

Generic instrument for describing and valuing
health

Based on 5 dimensions that describe health: mobil-
ity, self-care, usual activities, pain/discomfort, and
anxiety/depression

Each dimension is rated by 5 levels of severity

It also includes an EQ VAS which respondents self-
rate health on 20 cm vertical scale from worse to
best healthcare imagined

Based on the ICF concepts

Comprises 6 domains: cognitive (understanding
and communication), mobility (moving and get-
ting around), self-care (hygiene, dressing eating,
and staying alone), getting along (interacting with
other people), life activities (domestic responsibili-
ties, leisure, work, and school), and participation
(joining in community activities)

Pros (+) and cons (-)

(+) Sensitive and quick to
undertake
(+) Valid and reliable and
responsive

(=) Affected by age and
education

(=) Significant ceiling effect
in Trail Making Test A

(+) High sensitivity and
specificity

(+) Can be used in individu-
als with severe visual and/or
motor impairments

(=) Limitation in hearing
impairments

(=) Repetition of words may
affect concentration and
recall

(+) Valid and reliable(+)
Sensitive and responsive to
change

(=) Might impose difficulty
to respondents to deferen-
tial between “severe” and
“extreme”

(+) Reliable and valid

(+) High sensitivity and
specificity for measuring
disability
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B Table 6.2 (continued)

Outcome Description and main features Pros (+) and cons (-)
measure
Available in 12- and 36-item versions (=) Questions regarding
Can be administered by interview, self, and proxy employment status not inte-
Rates disability by respondent subjective grated in subscale score
perspective (=) Some questions are
Reflect on the previous 30 days complex and difficult to use

in circumstances where the
self-reported technique is
problematic

FIM Functional Independence Measure, ADL activity of daily living, /ADL instrumental activity of
daily living, PFIT Physical Function ICU Test, FSS-ICU Functional Status Score for the ICU, HADS
Hospital Anxiety and Depression Scale, IES Impact of Events Scale, IES-R IES-Revised, TICS
telephone interview for cognitive screening, EQ 5D-5L EuroQoL 5 dimensions 5-level, EQ VAS EQ
visual analogue scale, WHODAS World Health Organization Disability Assessment Schedule 2.0,
ICF International Classification of Functioning, Disability and Health Organization

[110]. Sequelae of acute illness are divided into three categories: damage to body struc-
tures, limitation in activities, and restriction in participation in social roles, with the addi-
tion by some scholars of QoL as a fourth category. These categories may be organized into
a progression known as the disablement process, providing an approach to thinking about
how tissue damage may lead to impaired QoL [111]. The ICF construct provides clarity in
terms of organizing long-term outcome of ICU survivors into distinct phases such as
alternation of baseline by an acute injury, causing tissue impairment, followed by func-
tional limitations and disability in participation in social roles and subsequent effects on
QoL. This framework may provide a useful scaffold to evaluate the challenges faced by
ICU survivors and lend insight into optimal outcome measures to inform multidimen-
sional disability.

For research purposes, it may be impractical to encompass all domains of ICU survi-
vors acquired medical complexity. Moreover, for an outcome measure to be ideal, it must
limit redundancy, be cost-effective, and entail limited burden to the patient while improv-
ing feasibility of conducting outcome assessments and research after hospital discharge.
This led to the notion of examining core outcome set (COS) and applying core outcome
measurement set (COMS) to future outcome research [112]. The proposed benefits of
COS include a reduced potential for selective outcome reporting bias, enhanced data
meta-analysis, and the inclusion of priority outcomes valued by stakeholders who were
previously underrepresented in the research design process [113]. This was assessed by
Needham and colleagues who identified eight core domains of outcomes including sur-
vival, physical function, mental health, pulmonary function, pain, muscle and/or nerve
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function, cognition, and satisfaction with life or personal enjoyment (HRQoL). There was
agreement on four of eight domains which could be completed quickly and simply via
phone interview, thereby negating the need for in-person testing to minimize participant
burden [114].

Nonetheless, the most comprehensive critical care research may seek to understand
how illnesses and treatments interact to affect pathophysiology but also how patients and
their families experience and make sense of illness and its aftermath [115]. The breadth
and variability of morbidity after critical illness will elude us if we continue to study dis-
eases or syndromes in isolation. Moreover, although COMS may specify the minimum
assessment required without restriction of use of additional measurements, it may reduce
opportunity to explore new domains or instruments due to limited resources and the risk
of participant burden [113]. The spectrum of disability needs to be the focus of studies to
determine robust themes and similarities across different disease states and gain an under-
standing of risk stratification and modification [116].

6.10 Risk-Stratified, Focused, and Tailored Follow-Up and Care

Risk-stratified, tailored, and responsive outcome measures that adapt to different baseline
trajectories and evolving patient needs over time are desirable and necessary. Herridge
and colleagues recently proposed the use of age and ICU length of stay to stratify survivors
of 7 days of mechanical ventilation into four disability groups characterized by increasing
risk for post-ICU functional disability and 1-year mortality based on the 7-day post-ICU
discharge Functional Independence Measure (FIM) [75]. Precision medicine that strati-
fies patients based on disease subphenotype with distinct clinical characteristics and dis-
parate outcomes may also offer insights into long-term outcomes. Seminal work by Calfee
and colleagues identifying two district subphenotypes in ARDS patients by applying latent
class analysis to major clinical trials clearly demonstrated hyperinflammatory subpheno-
types that respond differentially to ventilatory and therapeutic management in ICU [117-
119]. These findings support further pursuit of predictive enrichment strategies in critical
care clinical trials and may be adjuncts in stratifying patients’ long-term outcomes. Finally,
stratification based on trajectory of recovery and dysfunction has been proposed by
Iwashyna [120]. Stratifying patients into three groups of “The Big Hit,” “The Slow Burn,”
and “Relapsing Recurrences” could be applied to critical care survivors and targeted clini-
cal trials sought accordingly, with a trial of change in absolute level of function at maximal
recovery, a trial seeking to change the trajectory of decline, or a trial seeking to maximize
the number of impairment-free months, respectively.

The future of long-term outcome studies should build on past deficiencies and evolve to
more focused and tailored care. Targeting person-centered care where what matters most to
individuals during recovery is living independently, having a social role, being cognitively
intact and pain-free, and resuming the ability to work [121]. Providing early intervention
and support and clarifying expectations for transitions in care and recovery may decrease
fears of the unknown for both caregivers and survivors. Ongoing family-centered follow-up
programs may also help survivors regain independence and help caregivers manage their
perceived responsibility for the patients’ health [122]. Additionally, integrating geriatric
principles into critical care to counteract vulnerability factors such as frailty, disability, and
multi-morbidity is of utmost importance [123]. Critical illness survivors need care path-
ways that involve early post-ICU transfer to specialized in-patient programs that prioritize
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comprehensive assessments of medical and/or surgical needs combined with tailored and
graduated physical and neuropsychological rehabilitation and followed by long-term fol-
low-up care [4]. Additionally, mandating education and formal transfer of care back to the
primary care physician and closure of the care loop is invaluable.

Conclusions

There has been a steady rise over the recent decades in survivors of critical illness awed to
the advancement of medicine and healthcare delivery. Although some patients make a dra-
matic recovery with no functional impairment, some survivors experience new and long-
lasting physical, neuropsychological, mental disability with impairment in quality of life. A
myriad of outcome measures has been examined over the past four decades but with
somewhat limited meaningful synthesis drawn due to marked heterogeneity between
patients and negligence of the diverse medical complexity, pre-morbid state, and frailty
that can manifest in ICU survivors. This highlights the urgent need for patient-centered
multidimensional outcome measures to be the focus of the future outcome research, to
facilitate risk-stratified, tailored, and focused follow-up to be delivered.
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Learning Objectives
Main causes and pathophysiological keypoints of diaphragmatic dysfunction in the ICU
To diagnose the diaphragmatic dysfunction
To list the available countermeasures to limit the extent of diaphragmatic dysfunction

— Take Home Messages

Diaphragmatic dysfunction occurs rapidly and often in the critically ill

It results from a myriad of phenomena and implicates both a rapid loss of force
without loss of muscle mass and a delayed imbalance between an exaggerate
proteolysis and an impaired protein synthesis generating further loss of muscle
mass and force generation

Maintaining spontaneous ventilation, avoiding neuromyotoxic drugs, and
maintaining electrolytes and glucose control are the most usual ways to limit the
generation of diaphragmatic dysfunction in the critically ill

Temporary diaphragmatic pacing represents an interesting way of research

7.1 Introduction

Reduced mortality and the increasing prevalence of critical illness have resulted in a large
and increasing numbers of survivors. However, survivors of critical illness can undergo
profound changes in their lives as a result of their intensive care unit (ICU) stay. These
changes, regrouped under the term postintensive care syndrome (PICS), are the conse-
quences of physical [1], cognitive [2], and psychological [3] sequelae of the acute illness
and the pre-ICU comorbidities. Among these changes, pulmonary function has been
studied, mostly following acute respiratory distress syndrome (ARDS) [4, 5] as well as
other organs and functions, but the literature about the impact of critical illness on spe-
cifically the respiratory muscles and the diaphragm is lacking.

The purpose of this review is to describe the impact of critical illness on the respiratory
muscles’ function in both the acute and the long-term periods as piece of the PICS puzzle.

7.2 Respiratory Muscles’ Dysfunction in the ICU: Causes

Respiratory muscles’ dysfunction in the ICU is multifactorial. In 1892, Osler already
described a “rapid loss of flesh” in prolonged sepsis. Years after, Hussain et al. showed that
ventilator failure in Escherichia Coli septic shock in dogs was the consequence of the
fatigue of the respiratory muscles highlighting the strong deleterious impact of sepsis on
respiratory muscles’ contractility assessed by electromyogram [6]. The link between sepsis
and respiratory muscles’ dysfunction has been confirmed in multiple animal and human
studies [7-9]. Mechanical ventilation (MV) by itself has been reported to be associated
with diaphragm atrophy, and the first report was published in 1988 in 39 neonates or
infants [10]. This condition was secondary named “Ventilator Induced Diaphragmatic
Dysfunction” (VIDD) by Vassilakopoulos and Petrof [11]. Again, numerous animal stud-
ies have explored the cellular mechanisms linking controlled mechanical ventilation and
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VIDD, and human studies confirmed the animal findings [7, 9, 12-15] using human dia-
phragmatic biopsies mostly in organ donors.

Eccentric contractions (contraction when the muscle lengthens) for instance when
patients and ventilator are not synchronized may also generate diaphragm injuries,
although the clinical evidence for this phenomenon is poor. Spontaneous breathing can
also be associated with diaphragmatic dysfunction. Excessive loading or prolonged and
intense resistive loading during acute respiratory failure may indeed be associated with
self-inflicted respiratory muscles’ injuries [6, 16].

Besides these two major causes (sepsis and mechanical ventilation) of respiratory
muscles’ dysfunction, several other acute cofactors contribute. Abdominal or thoracic sur-
gery, neuromyotoxic drugs (myorelaxants, high dose of steroids, aminoglycosides, line-
zolid), hypophosphoremia, hypokalemia, prolonged hyperglycemia, malnutrition, and
renal failure have been associated with respiratory muscles’ dysfunction [9, 17-19].

7.3 Respiratory Muscles’ Dysfunction in the ICU: Pathophysiology

Systemic and local muscular inflammation especially during sepsis, sympathetic nervous
system activation [20], muscle inactivity [21], metabolic oversupply (diaphragm is
exposed to excessive supply of energetic substrates relative to its metabolic needs which is
very low when inactive) [15], and insulin resistance [22] are observed in the respiratory
muscles during the acute phase of critical illness.

Consequently, several cellular pathways are activated or suppressed. Initial conse-
quences involve contraction/relaxation homeostasis impairment and type 1 ryanodine
receptor posttransductional oxidation and nitrosylation. Such modifications of the ryano-
dine receptor lead to calcium leak from the sarcoplasmic reticulum to the cytosol [20]
activating calcium-dependent proteases. Mitochondrial dysfunction secondary to meta-
bolic oversupply leading to reactive oxygen species release, mitochondria dynamics
impairment, and further proteolysis activation has also been reported as an early phenom-
enon in VIDD [15]. Downstream of these early phenomena, not only excessive proteolysis
(through the calpains, caspase 3, and the ubiquitin proteasome system) but also protein
synthesis impairment (because of Insulin Growth Factor, AKT, and FOXO pathway inhibi-
tion) has been demonstrated [17, 18]. Autophagy, a self-degradative process important in
response to nutrient stress and cell homeostasis impairment is then activated and is per-
ceived as a physiologic response helping the cell for clearing damages organelles [23].

At the end of the road, all of these modifications lead to muscle atrophy, fibrosis, and
loss of force.

7.4 Respiratory Muscles’ Dysfunction in the ICU: Diagnosis

Although the purpose of the chapter is to describe the diaphragm involvement in the
PICS, tools that can be used to diagnose inspiratory muscles’ dysfunction may be useful to
evaluate the diaphragm function after ICU discharge.

Inspiratory muscles’ dysfunction can be diagnosed by performing pulmonary function
tests sometimes at the bedside or more often in a pulmonary lab (e.g. sniff test) [24]. Surface
electromyography has been suggested to evaluate diaphragm function although not being
used in routine practice. Recently, ultrasonography of the diaphragm has been developed
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and several measures can be performed. Thickness of the diaphragm, using a 10 MHz
probe in the zone of apposition of the diaphragm to the rib cage, can be measured and is a
surrogate of the diaphragm atrophy [25]. It decreases with the duration of mechanical ven-
tilation [26], although reports suggest that it may increase [27] in some patients potentially
because of muscle swelling and injury. Diaphragm excursion can be measured using a
3.5-5 MHz phased array probe. The probe is placed immediately below the right or left
costal margin in the mid-clavicular line or in the right or left anterior axillary line and is
directed medially and dorsally, so that the ultrasound beam reaches perpendicularly the
posterior third of the corresponding hemi-diaphragm [25]. Diaphragm excursion has been
suggested to be a surrogate of vital capacity but depends on the patient’s motivation. Using
the same window, thickening fraction can be evaluated as a surrogate of force production
during quiet or forced breathing. Again, this measurement depends on the patient’s moti-
vation. No study has described the diaphragm recovery following critical illness using the
ultrasound technique. The usual threshold values to define diaphragmatic atrophy are:

= End expiratory thickness below 2 mm or a drop of more than 20% compared to
baseline thickness [26, 27]

== Diaphragmatic excursion during calm and spontaneous breathing lower than
10-15 mm [28]

= Diaphragmatic thickening fraction during calm and spontaneous breathing lower
than 20-30% [29-31]

The gold-standard measurement in the intubated patient requires the use of bilateral ante-
rior magnetic stimulation of the phrenic nerves and the measurement of transdiaphrag-
matic pressure using a double balloon (esophagus and gastric) probe [7, 13, 32]. This
technique allows a measurement without the patient’s participation, and a threshold of 11
c¢mH20 has been suggested to diagnose diaphragmatic dysfunction [7, 13, 33]. This tech-
nique in the non-intubated patient is much more difficult because of the necessity to avoid
any leak (one should then use both a nasal clip and a mouth piece) during stimulation.

7.5 Respiratory Muscles’ Dysfunction in the ICU: Management

Besides the causal treatment (e.g. sepsis), the intensivist can minimize the impact of the
critical illness on the diaphragm function.

By promoting spontaneous breathing during MV, one can both limit the risk of meta-
bolic oversupply and limit the risk of inactivity-associated atrophy [34]. Muscle contrac-
tile activity may also increase the diaphragm antioxidant capacity’s release, limiting in
theory the risk of the ryanodine receptor oxidation and the activation of the proteolysis
cascade [35]. Eccentric contraction and excessive loading during spontaneous breathing
should however be taken into account, and to date it is not completely sure whether main-
taining spontaneous breathing in extreme situations such as acute respiratory distress
syndrome is beneficial or deleterious for the diaphragm.

Inspiratory muscle training during the weaning period has been sparsely evaluated,
and to date there is a lack of evidence to promote such initiative in the routine care
(martin).
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Although several drugs that inhibit the proteolysis cascade and/or promote the protein
synthesis pathway have been tested in animal models, a few drugs have been evaluated in
humans. To date, no drug has been approved to prevent or to treat diaphragmatic dys-
function in the critically ill. Theophylline and levosimendan [36] have demonstrated ben-
eficial effects on diaphragm contractile activity, but these results are still preliminary.

Temporary diaphragmatic pacing has been recently evaluated as a method to limit the
extent of diaphragmatic loss of force production. Diaphragmatic pacing can be achieved
by direct implantation of electrodes in the diaphragm [37], by hooking the phrenic nerves
during a surgical procedure [38, 39], or more recently by a transvenous (superior vena
cava) stimulator [40, 41]. In animals, diaphragmatic pacing has been associated with the
restoration of the proteolysis/protein synthesis balance [38] and less fiber atrophy [40] in
a VIDD model. In humans, diaphragm electrodes can be surgically placed in the dia-
phragm [42, 43] during a laparoscopy or during a thoracic surgery [44]. Phrenic nerves
can be hooked during cardiac surgery, and diaphragm pacing has been associated with an
improvement in mitochondrial physiology and with less oxidative stress in the diaphragm
[39, 45]. Diaphragmatic stimulation can also be achieved by transvenous stimulation
using a central venous catheter [40]. Diaphragm capture was evaluated in 23 patients and
could reduce the pressure time product from 10% to 48% without any serious adverse
event [41].

7.6 Respiratory Muscles’ Dysfunction in the ICU and PICS

Six- and 12-month limb muscle weakness and functional impairment have been described
following critical illness [1, 46] as well as altered pulmonary function tests, persistent
hypoxemia, and incapacity to exercise [5]. Despite strong evidence showing that respira-
tory muscles do also show persistent weakness and ultrastructural alterations months
after ICU discharge, it is very likely that respiratory muscles’ weakness plays a role in the
PICS picture. The involvement of the diaphragm should be investigated specifically in the
next few years.
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Learning Objectives

What you can expect in this chapter is to learn about methodologies that help you as a
professional to get more insight into the body composition, nutritional status, and nutri-
tional risk of post-intensive care patients. Different imaging methods can be used to assess
and monitor loss, preservation, and gain of muscle mass. They are therefore tools that can
be used for diagnosis and guiding treatment of (post-)intensive care patients. The choice for
a certain method is usually made based on the method’s availability, cost, expertise, and
time consumption and not just on its accuracy. Results cannot be used interchangeably and
require cooperation and expertise from different experts to be interpreted correctly. Also
changes in fluid status confound measures of body composition during the acute phase of
illness. Nevertheless, the use of imaging will become increasingly important due to the
increasing interest in the many aspects of post-intensive care syndrome in which a poor
nutritional status and a decrease in muscle mass play an important role.

8.1 Introduction

Imaging is the technique and process of creating visual representations of the interior of a
body for clinical analysis and medical intervention. Imaging therefore is an important tool
in the diagnostic process and may, e.g., be used to find out which tissue is traumatized or
where a tumor is localized. This application of imaging may also provide information on
the quality and function of organs or tissues. Imaging can also be used in a quantitative
way, in order to assess body composition in terms of amounts of, e.g., muscle tissue and
adipose tissue. Imaging is increasingly applied in clinical practice, and new developments
improve application and use. Depending on the methodology, the assessment can be as
specific as intramuscular adipose tissue and appendicular skeletal muscle mass or assess
general health (BIA-derived phase angle). The goal of this body composition assessment,
which can be part of a wider nutritional assessment, can be diagnostic, be used for risk
assessment, as well as for monitoring. For instance, a smaller amount of total skeletal
muscle mass may indicate a diminished nutritional reserve as well as a higher risk of poor
outcome and could therefore be used to guide the nutritional treatment and rehabilitation
of the patient.

In this chapter, we will focus primarily on the quantitative assessment of body compo-
sition by imaging using different methods, the advantages and limitations of these meth-
ods, and the specific clinical use in assessment and monitoring of the (post-)intensive care
patient.

8.2 Methodology of Body Composition Imaging

Considering the basic aspects of body composition assessment, we generally make a dis-
tinction between direct methods, indirect methods, and double indirect methods. Direct
methods are chemical analysis of body tissues and in vivo neutron activation analysis
(IVNAA). They directly assess the amount of, e.g., chemical fat or nitrogen atoms, respec-
tively. However, it should be clear that they cannot be used in clinical practice. Indirect
methods are typically imaging methods like CT and DXA. In both these methods, a beam
of radiation is applied to the tissue, and the tissue response (absorption, reflection) is
visualized. These methods are validated against direct methods and less accurate than
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direct methods; however, they are more applicable in clinical practice. The third level is
the double indirect methods, like US and BIA. These methods use more assumptions that
have to be met to accurately measure body composition; thus, the signals that result in
images are less accurate compared to indirect methods as a quantitative assessment of
body composition. On the other hand, these are usually measurements that are cheap,
easy, and quick and therefore are often preferred in clinical practice.

In critically ill, the CT scan is often used as a diagnostic tool. Many patients therefore
have a CT scan which is available at admission. The use of existing CT images for analysis
of body composition is already applied in other patient populations, e.g., oncology
patients. However, standard application of a CT scan for body composition analysis is not
to be expected. Therefore, a variety of choices can be made in clinical practice. We will
focus on the advantages and drawbacks of the different methods that are being used
already. However, more methods should be expected in the near future.

In the following sections, we will provide some insight into the use of different imaging
methodology for (post-)intensive care patients for current clinical practice.

8.3 Computer Tomography

Computed tomography (CT) scans can be used to provide clinicians with valuable and
reliable information about body composition. However, since CT scans are expensive and
expose patients to harmful radiation, the use of CT scans solely for body composition
analysis or for follow-up is not feasible.

CT scanners use an X-ray generator with an opposite X-ray detector which rotates
around a patient who is slowly being moved through the scanner to produce cross-sec-
tional images (slices) of the scanned area. Hence, the name tomography came from the
Greek words “tomos” meaning “slice” or “section” and “graphia” meaning “describing” As
the X-rays pass through the body, they are attenuated (absorbed or scattered) by tissues
before reaching the detector. Denser tissues such as bone attenuate X-rays more than less
dense tissues, and this difference in attenuation is used to generate two-dimensional
radiographs (comparable to conventional X-ray images). The many two-dimensional
X-ray images that are generated from different angles are then digitally processed to pro-
duce cross-sectional images of the entire scanned area in different (axial, sagittal, and
coronal) planes. The pixels in these images are assigned a value on the Hounsfield unit
scale based on the attenuation of the tissues within the corresponding so-called voxel,
which comprises the three-dimensional space of the pixel  the CT slice thickness. On the
Hounsfield unit scale, water has an attenuation of 0 Hounsfield units (HU), air is —1000
HU, and bone is typically above +1000 HU. All pixels in a cross-sectional CT scan image
are gray, and based on their HU value they will be lighter (denser tissue) or darker (less
dense tissue).

Body Composition  Since the first CT scan in 1972, researchers have used CT scans to assess
body composition to gain an insight into its relation with clinical outcome. Most research has
been done in oncological patients, who have frequent CT scans as part of routine follow-up.
In recent years however, this has expanded to other populations, among which are critically
ill patients.

Although most radiology departments use software applications that can be used for
body composition analysis, the most used research applications are SliceOmatic
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O Fig. 8.1 Example of thresh-
olding for muscle tissue. The
bright yellow area within the
yellow circle is identified as
muscle tissue (HU between —29
and +150), while the darker
(less dense) gray area within the
circle is discarded. Red areas
have already been identified as
muscle tissues. Analyzed using
SliceOmatic®

(TomoVision, Magog, QC, Canada) and open-source Image] (US National Institutes of
Health, Bethesda, Maryland, USA). Agreement between the different applications is excel-
lent [1]. The most basic method of analyzing a CT scan is by simply drawing a line around
the tissue of interest (e.g., muscle or adipose tissue) and letting the software calculate the
surface area within the outlined region. However, often more than one type of tissue is
present within the outlined area (e.g., fat between muscle tissue, organs between visceral
adipose tissue) which would be incorrectly identified as the tissue of interest. Therefore, it
is advisable to use software capable of setting boundaries in HU (thresholding) which
defines the density of tissues to be included in the analysis and excludes more and less
dense tissues. Commonly used HU ranges are —29 to +150 for skeletal muscle, —190 to
—30 for intermuscular and subcutaneous adipose tissue, and —50 to —150 for visceral
adipose tissue [2] (B Fig. 8.1).

Multiple sequential or single slice CT images can be analyzed to determine body com-
position. The easiest and fastest method is obviously single slice analysis, and in validation
studies comparing the amount of muscle present on a single slice image to whole body
muscle mass in cadavers, the amount of muscle present at the level of the third lumbar
vertebra (L3) proved to be very well correlated to whole body muscle mass [2-4].

Software output includes both the surface area of the analyzed tissues in cm? and the
mean density of the tissues expressed in HU. Muscle surface area can be normalized to
height to produce the skeletal muscle index (SMI) expressed in cm?/m? Mean skeletal
muscle density can be used as a marker of muscle “quality” as opposed to “quantity;” since
a lower muscle density reflects more fatty infiltration of muscle or myosteatosis and could
possibly also reflect muscle necrosis [5, 6].

In recent years, analysis of CT images has been automated, and special software mod-
ules are available to process large quantities of images in a short period of time [7].
However, adequate training and anatomical knowledge are still required to be able to cor-
rect automated analyses when necessary (8 Figs. 8.2 and 8.3).

CT Scan Analysis in Critical Care  In the ICU, body composition assessed on CT scans made
for clinical reasons at ICU admission has been used as a prognostic marker. Low muscle area
at admission has been associated with higher in-hospital mortality, less ICU-free days and
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M. Rectus abdominus Intestines
Visceral
Mm. Obliquus adipose
externus and tissue
internus
Kidney
M. Transversus
abdominus
Subcutaneous
M. Psoas adipose tissue

M. Quadratus M. Erector Third lumbar
lumborum spinae vertebra (L3)

O Fig. 8.2 The different muscles, visceral tissues, and organs present at the L3 level

O Fig. 8.3 Example of an
analyzed L3 level CT slice. Red is
muscle, green is intermuscular
adipose tissue, yellow is visceral
adipose tissue, and blue is
subcutaneous adipose tissue.
Analyzed using SliceOmatic®

less ventilator-free days, and a higher chance of being discharged to a nursing home [8, 9].
Additionally, low muscle quality (reflected by low skeletal muscle density) has been associ-
ated with a higher 6-month mortality and longer hospital stay, independent of the amount of
muscle [10]. Muscle mass and quality on admission predicted mortality after adjustment for
severity of disease and body mass index [9, 10].

Limitations  Analysis of CT scans can provide clinicians with valuable and reliable informa-
tion about body composition, especially about muscle quantity and quality which are impor-
tant prognostic factors in ICU patients. However, several limitations and pitfalls need to be
taken into account. Although the method of analyzing CT scans for body composition has
been well-established, adequate training is required to accurately identify the correct tissues.
Moreover, it should be noted that the scans were not originally made for the purpose of
analyzing body composition and that the use of contrast agents, CT scanner tube voltage
settings, and calibration can influence the results [11]. Patient factors can also influence reli-
ability, as the position of the patient within the CT scanner can influence how muscles are
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depicted. Furthermore, the presence of edema may confound the assessment of mass and
quality and can sometimes make analysis very hard or even impossible.

Using CT scans for routine follow-up measurements is not feasible. The exposure to
harmful ionizing radiation (about three times the yearly normal background radiation per
abdominal CT scan), logistical difficulties and potential danger associated with the trans-
port of critically ill patients, and costs are all factors which limit the usability of CT scan
analysis to scans made during routine care. Furthermore, body composition is derived
from regional images, e.g., the abdomen and thorax, and a relatively high or low appen-
dicular muscle mass will not be assessed.

8.4 Ultrasound

A high percentage of survivors of critical illness are still functionally impaired after
12-18 months [12]; this is due to the rapid and early loss of skeletal muscle mass during
intensive care stay [13-15]. Muscle function is related not only to muscle mass (quantity)
but also to its quality (contractile versus non-contractile proportions), which in turn may
be adversely affected as well. Measuring muscle mass is already a widely accepted tool
within nutritional assessment in the ICU and also to assess muscle size. Qualifying lean
tissue or muscle mass in clinical populations is of increasing importance due to the emerg-
ing associations between low muscle quality, low muscle mass/size, and poor aerobic
capacity. Musculoskeletal ultrasound (MKUS) could not only be used to assess muscle
mass through measuring thickness or cross-sectional area (CSA) but can also be used to
see changes in morphology, histology, and muscle architecture. Here we will discuss all
MKUS outcome parameters in regard to muscle quality and muscle size in terms of thick-
ness, CSA, and volume.

Background US  US is non-invasive and is carried out in vivo real time in a bedside setting.
US scans display the “echogenicity” (brightness) of a muscle image which is based on the
speed at which sound waves reflect back from different tissues within the muscle. Connective
tissue is very dense, and the sound waves quickly reflect back to the transducer. Images of this
tissue appear brighter (hyperechoic) on the scan. Water, on the other hand, allows the sound
waves to pass through without resistance, and so they are not reflected back to the trans-
ducer. Images of scan areas containing water appear darker (hypoechoic): the higher the
water content of the muscle, the darker the image will be [16].

US Imaging for Assessment of Muscle Mass Previous research found that gastrocnemius
medialis and vastus lateralis muscle thickness are associated with functional performance in
the older population, whereas quadriceps muscle thickness is associated with isometric and
isokinetic knee extensor strength [17]. The use of MKUS to qualify muscle thickness or CSA
is already emerging as a potential powerful clinical assessment tool in a ICU setting [18-20].
The advantage of measuring muscle size with the use of MKUS is the possibility to see
changes within muscle groups versus the whole body lean mass. Histology and morphology
are different within muscle groups, with direct consequences for the wasting patterns. A
decrease of the rectus femoris CSA during the acute phase of critical illness is seen in a high
percentage of the ICU population [19, 20]. The use of muscle CSA or thickness instead of
only whole body lean mass will give insight into the muscle wasting patterns; which may
guide early nutrition and/or early mobilization.
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Assessment of Muscle Glycogen Glycogen depletion leads to marked muscle damage and
an inability for muscle to recover and become anabolic. Low intramuscular glycogen is asso-
ciated with an impairment of muscle ability to release Ca**, which is an important signal in
the muscle activation. Depletion of intramuscular glycogen during prolonged critical illness
may contribute to muscle fatigue and contractility by causing decreased Ca®" release inside
the muscle; which in turn will cause the inability to generate muscle force [21-24]. Thus,
glycogen is conditional energy substrate for early mobilization. The metabolic demands of
early mobilization are poorly understood in the ICU setting. There is significant heterogene-
ity in energy requirements between critically ill individuals undertaking the same functional
activities [24]. Energy requirements are higher in the critically ill compared to healthy indi-
viduals; therefore, faster depletion of intramuscular glycogen could be expected [24-28].
Therefore, muscle glycogen assessment may provide essential information in the rehabilita-
tion of the post-ICU patient [28].

Each gram of glycogen is tightly bound to 3 grams of water [29, 30]. When the muscle
contains more glycogen, it also contains more water, producing a darker image. During
critical illness, as glycogen is being metabolized, the bounded water leaves the muscle,
which exposes the muscle fibers, which are denser than water. This enables the sound
waves to be more easily reflected back producing a brighter image. @ Figure 8.4 shows, in
predictable situations, the darker purple areas of the image can be assumed to contain
more bounded water, hence more intramuscular glycogen. Regions with neon pinkish
coloring correspond with low bounded water, which in turn represents low intramuscular
glycogen content. Note: other energy-producing constituents of muscle such as protein,
creatine, and carnitine are also tightly bound to water and may well contribute to the dark-
ness of the image. The assessment of muscle glycogen levels by ultrasound was validated
in two clinical studies [31, 32], conducted with trained cyclists during a 90-minute steady-
state ride at moderate-high intensity and a 75-km time trial. The glycogen “score” gener-
ated by the MuscleSound® algorithm was compared to the gold standard of muscle biopsy.

@ Figure 8.5 shows the intramuscular glycogen (fuel) heat map of two subjects taken
from the m. rectus femoris. Yellow is the fascia and aponeurosis; darker green/yellow

O Fig. 8.4 MuscleSound® heat map glycogen rectus femoris short-axis and long-axis scan
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Fuel Score = 75

Fuel Score = 18 Fuel Score =0

B Fig. 8.5 MuscleSound® heat map glycogen rectus femoris short-axis scan

shows the higher echo intensities due to fat infiltration, fibrosis, and myonecrosis [15, 18,
20, 26, 33]. A and B are from an elite marathon runner age 28: pre- (a) and post- (b)
marathon. (¢, d) Is a young man age 25 with septic shock; C is taken on day 2 and D is
taken on day 5 of ICU stay.

Skeletal Muscle Architecture (B Fig. 8.6) Skeletal muscle architecture is an important
muscle characteristic which plays a significant role in determining a muscle’s force contribu-
tion to skeletal movement. It is defined by the pennation angle and the fascicle length. The
pennation angle is the angle of insertion of muscle fascicles into the deep aponeurosis, and
fascicle length is the length of the fascicular path between the superficial and deep aponeu-
rosis [34]. The connective tissue sheath surrounding the fascicle is called the perimysium
and is part of an efficient mechanism for transmission of contractile forces from adjacent
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B Fig. 8.6 Pennation angle rectus femoris long-axis scan, without and with MuscleSound® heat map

muscle fibers within fascicles [35, 36]. Pennation angle is essential for the transfer of forces
from the muscle to the tendon. A pennation angle of 0° delivers 100% of contractility to the
tendons, while a muscle with a pennation angle of 30° sends only 86% of its contractility to
the tendons. Most human muscles range from 0° to 30° throughout the lower extremities
[37, 38]. It is known that pennation angle can change during ICU stay due to fibrosis, myo-
necrosis [14, 18, 20, 26], and fluid accumulation in fascial planes, to which inflammation
and infection may substantially contribute [18, 20, 26, 33]. Edema with cellar fasciitis dom-
inates the early phase of critical illness, extending deeper within the muscle fascicles. This
buildup of fluid within the muscle fascicles changes the morphology and architecture of the
muscle; which gives rise to distinct changes of pennation angle of the fascicles. These
changes of pennation angle are also seen after eccentric exercises with muscle damage [39],
which results in an acute decline of muscle function. The physical function in an intensive
care test score (PFIT-s) correlated very strongly with vastus lateralis pennation angle
(r=0.81, p =0.008) [18].

Dynamic Assessment Besides being non-invasive and available at the bedside, the other
advantage is MKUS is the ability to dynamically scan the muscles in its function. Next to the
normally used B-mode (brightness mode, showing a real-time image of the reflection of all
US waves), there is also a M-mode (motion mode) option. M-mode ultrasound images dis-
play the changes in reflection of a single ultrasound wave over a period of time. It can there-
fore be used to visualize moving tissues, and M-mode MKUS imaging displays the motion of
connective tissue within muscles. As muscle contraction is accompanied by motion of mus-
cle tissue, M-mode MKUS can be used to assess the onset of deep muscle activity [40]. The
intramuscular activation pattern can be connected to the motor unit recruitment strategy of
force generation and fatigue resistance [41]. To assess recruitment patterns of muscle groups
can help to tailor early mobilization and to evaluate intensive care-acquired muscle weakness
(ICU-AW).
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8.5 Dual-Energy X-Ray Absorptiometry

Dual-energy X-ray absorptiometry (DXA) is frequently used for assessment of bone min-
eral density and the diagnosis of osteoporosis [42]. It is also used to assess structural
changes in the vertebrae and hip, induced by fractures or chronic wear with aging.
However, DXA is increasingly used to assess whole body composition. It can not only
differentiate between bone, lean tissue, and fat; it can also assess lean tissue in subregions.
As in other patient populations, there currently is also an interest to assess appendicular
skeletal muscle mass in this way for the post-intensive care patient [43].

The way DXA operates is by using a low-dose X-ray at two different levels of energy.
The denser the tissue is, the more they will absorb the energy of the rays. When more
energy is absorbed, less energy is detected by the sensor. By using all the information of
the absorption of the different energy level X-rays at each pixel of the image, detailed
imaging becomes available. Since bone is a very dense tissue, it lights up very clear, as
shown in @ Fig. 8.7. Based on the detailed information, the bone tissue can be subtracted
from the total at each pixel, and the remainder of the tissue is divided into fat tissue and
lean tissue based on their radiation absorption. The accuracy of this latter assessment is
somewhat less than for bone tissue.

As with any imaging technique, the positioning of the patient requires special atten-
tion. Especially when relatively small changes in lean tissue over time are the reason for
the DXA assessment, standard operating procedures have to be followed accurately.
Patients can be too long or too broad for the assessment table, although the software usu-
ally provides options to still perform an accurate body composition assessment. The soft-
ware also provides the means for segmentation, so that arms and legs can be assessed

O Fig. 8.7 Dual-energy X-ray
absorptiometry image
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separate from the trunk. By using skeletal landmarks, this segmentation procedure can
reliably be performed at different time points for longitudinal assessment of the patient.

For the assessment of fat mass, the accumulated information provides the patient’s body
fat percentage. Moreover, it also provides the amount of fat present in limbs as well as in the
abdomen. More specifically, using both landmarks and density, an assessment of visceral fat
can be performed. This assessment is however less accurate than that of total fat mass.

Considering the interest in muscle mass loss, preservation, and gain of the post-
intensive care patient, the DXA assessment of appendicular skeletal muscle mass has
gained interest. It is essentially the bone-less and fat-less lean tissue in both arms and legs.
Although some smaller quantities of other tissues are also included (e.g., skin, tendons,
blood vessels, nerves), it is a good marker of muscle mass in the limbs (appendicular
muscle mass). Since most muscle mass is in the limbs, appendicular muscle mass is also a
good marker of the whole body muscle mass [44]. The assessment of upper leg muscle
tissue by CT or MRI would be more accurate, however much less available (for the pur-
pose of body composition), and also regionally limited.

8.6 Bioelectrical Impedance Analysis

Bioelectrical impedance analysis (BIA) is a fast, easy, and non-invasive method to estimate
body composition.

Method During BIA measurement, an insensible alternating current is flowing through
the body via skin electrodes, and the opposition (impedance) to the current flow is mea-
sured. Impedance (Z) consists of two components: resistance (R) and reactance (Xc).
Reactance is the delay in conduction as a result of capacitance by cell membranes and tissue
interfaces. Capacitance causes a phase shift or phase angle that is derived from R and Xc see
(B Fig. 8.8). The impedance that the current flow encounters depends on body composition.
Water- and electrolyte-rich components, such as blood and muscle mass, easily conduct the
current, whereas fat mass and bone do not.

Equations and Assumptions Body composition can be estimated by equations combining
BIA data with anthropomorphic data. In healthy individuals, these equations can be applied
to estimate lean body mass (fat-free mass, body cell mass, muscle mass), fat mas, and volume
compartments (intra- and extracellular water, total body water). However, the accuracy of
the equations relies on several assumptions and prerequisites, such as a normal hydration
status, a normal body geometry, and an accurate body length and weight. During critical
illness, these assumptions and prerequisites are not met, and therefore BIA-derived equa-
tions are unreliable in the intensive care setting.

Use of Primary BIA Data Recent focus has shifted to the use of “raw” BIA data, R, Xc, and
phase angle, which are independent of body weight and provide information about hydra-
tion, body cell mass, and cell membrane integrity. Phase angle is regarded as a marker of
cellular health and has repeatedly been proven to be a predictor of morbidity and mortality
in various patient groups, including the critically ill [45, 46].

BIA for Post-ICU Follow-Up  Since BIA is a suitable method to estimate body composition
when hydration status has returned to normal and the required assumptions can be met, it
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may provide a simple and cheap biomarker to evaluate recovery of body health during reval-
idation and rehabilitation in post-ICU care clinics.

O Figures 8.8, 8.9, and 8.10 show the principles of bioelectrical impedance analysis,
phase shift, and phase angle.

Extracellular resistance (R) = signal attenuation

Applied--=--- -
Current=-=---

Frme————

D —= v >

Intracellular resistance (R) = signal

Reactance (Xc) = currecnt time delay attenuation

O Fig. 8.8 BIA measures the opposition (impedance) to an applied current while passing through the
extracellular and intracellular compartments. Impedance consists of two components: resistance (R),
which reflects conductivity through ionic solutions, and reactance (Xc), the delay in the current flow,
reflecting capacitance of cell membranes and tissue interfaces. (From Di Somma et al. [47])
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O Fig. 8.9 Time relationship of voltage, current, and phase delay in the current flow measured by a
phase shift (» https://www.biodyncorp.com/product/450/phase_angle_450.html)
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O Fig.8.10 The relationship
between impedance resistance,
reactance, and phase angle.
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tangent (Xc/R)+180°/n
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>
>
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8.7 Practical Implications

Consider the use of imaging in every relevant clinical protocol.

8.8 Clinical Protocol

Apart from a focus on the acute disease, early identification of patients at risk of the detri-
mental consequences of loss of lean body mass and muscle wasting after ICU discharge
has a priority as well. It is therefore important that physical reserves and nutritional status
are assessed in each patient admitted to the ICU. In many hospitals nutritional screening
is already standard procedure, but screening of physical reserves and fragility is not. Since
the amount and quality of muscle mass may substantially modify the individual risk of
dying, assessment of muscle mass seems important. Different imaging tools are available.
CT scan, DXA, ultrasound, and BIA could be incorporated in this assessment in a proto-
colled way. Although each of these tools has their limitations, drawing attention to the
importance of physical and nutritional reserves for ICU outcome is crucial. Monitoring
will help to understand the consequences of diminished physical reserves on ICU admis-
sion, further loss during ICU stay, and recovery during rehabilitation. Monitoring is also
crucial to develop and improve treatment. Physicians, physiotherapists, and dieticians
should take their shared responsibility.

Conclusion

Intensivists, rehabilitation physicians, nurses, physiotherapists, and dietitians need to
assess, know, understand, and monitor the physical condition and nutritional reserves of
their patients during and after ICU admission. Several tools can be used to assess nutri-
tional status, but the exceptional muscle loss that accompanies intensive care stay requires
more specific imaging. CT scanning, ultrasound, and DXA are great tools to assess and
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understand (changes in) muscle mass. CT scans and ultrasound also provide an insight into
muscle quality. BIA offers a marker of general health. Imaging methods help us to measure
loss, preservation, and gain of muscle. There are typical differences in accuracy, availability,
costs, expertise, limitations, and time consumption between imaging methods. Choices
have to be made according to the goals and within the limits of the hospital or care facility.
Results from different methods cannot be used interchangeably in longitudinal assess-
ments; therefore, cooperation between all experts practicing post-intensive care is required
to provide accurate interpretation.

— Take Home Messages

== Critically ill patients suffer from muscle wasting.

== Muscle wasting has severe short- and long-term consequences.

== Muscle mass can be assessed by CT scan analysis, ultrasound, dual-energy X-ray
absorptiometry, and bioelectrical impedance analysis (BIA).

== Low CT scan-derived muscle mass and quality on ICU admission as well as low
BIA-derived phase angle predict higher mortality independent of BMI and sever-
ity of disease.

== Diagnostic CT scans are often available at ICU admission.

== Ultrasound and BIA analysis are available at the bedside.

== Ultrasound provides several promising tools to assess muscle quality and guide
mobilization.

== All imaging tools have their limitations and critical illness-related fluid shifts
confound their interpretation.

== Assessment of body composition may help to guide nutrition and mobilization
during ICU stay and also during revalidation and rehabilitation after ICU discharge
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Learning Objectives

== At the end of this chapter, you should be able to:

== Describe the biphasic neuroendocrine alterations that mark critical iliness.

== Understand some of the teleological explanations for neuroendocrine changes observed in
the critically ill and current evidence for treatment strategies.

== Apprehend the plausible role of (long-term) neuroendocrine disturbances in the post-
intensive care syndrome.

— Take-Home Messages

== The neuroendocrine response to critical illness is biphasic. The (hyper)acute phase
with hypercortisolism, hypersecretion of growth hormone uncoupled from insulin-
like growth factor |, and suppressed thyroid and gonadal axes is generally considered
adaptive, to provide endogenous substrates and postpone costly anabolism. The
chronic phase is characterized by overall diminished hypothalamic output, leading to
ineffective stimulation of the pituitary gland and an ongoing state of hypercatabo-
lism, which is presumed to be detrimental.

== Observational data on the neuroendocrine (non)recovery after ICU stay are currently
not available. Extrapolation from other fields, however, suggests that sustained
neuroendocrine disturbances might be associated with long-term persistence of
muscle weakness and cognitive dysfunction.

== Corticosteroid administration for (presumed) adrenal insufficiency in ICU should be
limited to specific indications, given recent pathophysiological insights, lack of
survival benefit, and scarcity of data concerning the long-term effects in prolonged
critically ill patients. Administration of recombinant human growth hormone, thyroid
hormone, or anabolic steroids to reactivate anabolic pathways in prolonged critical
illness is currently not recommended. Administration of hypothalamic releasing
factors appeared to be promising, but impact on clinical outcome remains to be
investigated in adequately powered outcome studies.

== The endocrine aspects of critical iliness need to be interpreted in the context of
important polypharmacy on an ICU ward, with various potentially interfering
drug-induced effects.

9.1 Introduction

Critical illness is the most severe form of physical stress a patient can endure. In response
to threatened vital organ metabolism, marked neuroendocrine alterations occur, irrespec-
tive of the underlying condition for which a patient needed admission to the ICU [1, 2].
The neuroendocrine system attempts to maintain homeostasis through a highly conserved
system of neuroendocrine axes with feedback loops, each of which comprises a central
nervous system component, located in the hypothalamus and anterior pituitary, and a
peripheral endocrine target organ hormone (8 Fig. 9.1).

The neuroendocrine response to critical illness shows a biphasic pattern with a distinct
acute and prolonged phase. In the acute phase, the pituitary is actively secreting, but
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CRH GHRH TRH GnRH PRF

ACTH GH TSH LH /FSH Prolactin

| | | | |

‘ Adrenal ‘ Liver Thyroid ‘ Ovaries/testes ‘ Breast
Cortisol IGF-I T3/T4 Testosterone
Estrogen

@ Fig. 9.1 Simplified overview of the neuroendocrine axes. Abbreviations: ACTH adrenocorticotropic
hormone, CRH corticotropin-releasing hormone, FSH follicle-stimulating hormone, GH growth hormone,
GHRH growth hormone-releasing hormone, GnRH gonadotropin-releasing hormone, IGF-I insulin-like
growth factor-l, LH luteinizing hormone, PRF prolactin-releasing factor, TRH thyrotropin-releasing hormone,
TSH thyroid-stimulating hormone (thyrotropin), T3 triiodothyronine, T4 tetraiodothyronine (thyroxine)

concentrations of all peripheral effector hormones apart from cortisol are low, partly due
to target organ resistance [2]. When critical illness is prolonged, central output of all endo-
crine axes is diminished due to reduced hypothalamic function, which predominantly
explains suppression of peripheral hormones in this phase [2]. Various drug-induced
effects can further influence these alterations and make their interpretation complex on a
patient level, especially in light of common polypharmacy in ICU wards (8 Table 9.1). The
acute phase of the neuroendocrine stress response is generally considered adaptive as it
provides substrates to maintain vital organ metabolism, while a persistently activated
stress response and its associated alterations in effector hormone concentrations are sus-
pected to contribute to the development of muscle weakness, increased susceptibility to
infections, cognitive dysfunction, and high risk of death seen in prolonged critically ill
patients [3-6]. Although it has been shown that the pituitary can be reactivated in pro-
longed critical illness by administration of central secretagogues, clinical usefulness of this
intervention has only been partially investigated [7-9]. Further investigation is warranted,
given evidence in other medical fields indicating that chronic hypercortisolism and a
chronic lack of growth hormone, thyroid hormone, and testosterone are associated with
loss of lean body mass, weakness, and cognitive dysfunction [10-13]. Importantly, these
are the main morbidities seen in ICU survivors, collectively referred to as the post-intensive
care syndrome or legacy of critical illness [4-6, 14, 15]. Hence, this may suggest that the
neuroendocrine disturbances of critical illness, or non-recovery of the disturbances after
resolution of the critical illness, could contribute to the post-intensive care syndrome.

In the following sections, we provide an overview of the neuroendocrine changes that
occur during critical illness, their potential causes and consequences, plausible interven-
tions, and their implications for daily care, with attention for a potential role in the post-
intensive care syndrome.



128

N. Van Aerde et al.

B Table 9.1 Medications with influence on the neuroendocrine axes

ICU
Vasoactive agents

Dopamine

Sedatives
Etomidate
Opioids
Benzodiazepines
Barbiturates

Antifungals: azoles:
Ketoconazole
Miconazole

Gl-acting therapies
Metoclopramide

Somatostatin

lodine (iodine-based

disinfectants, contrast,

amiodarone)(acute)

Cardiac drugs

Beta-adrenergic
blockers

Furosemide

Exogenous steroids

Corticosteroids

Working site,
action

Central, inhibitory

Peripheral,
inhibitory

Central, combined
Central, inhibitory
Peripheral,
inhibitory

Peripheral,
inhibitory

Peripheral,
inhibitory

Peripheral,
inhibitory
Central, inhibitory

Peripheral, variable

Peripheral,
inhibitory

Peripheral,
inhibitory

Central, inhibitory

Peripheral,
inhibitory

Effect

|Prolactin

ITSH — |T4

|GH

JLH — |Testosterone

| Cortisol (via 11p-hydroxylase)
| Cortisol, 1 prolactin, t1GH

| Cortisol

1 T4 (tmetabolization)

| Cortisol (via 17a-hydroxylase),

|Testosterone (via 17,20-lyase,
via 17a-hydroxylase)

| Cortisol (via 21-hydroxylase)

JAldosterone
JTSH |GH |PRL |LH

1 T4 (I release: Wolff-Chaikoff)
1T4 (pre-existing goiter,
thyroiditis)

1T3 (Jdeiodination: amioda-
rone)

1T3 (ldeiodination)

|T4 (| protein binding
—tmetabolization)

ICRH = | ACTH — | Cortisol
JTSH — |T4
1GNnRH +|LH (species specific)

1T3 (ldeiodination)

Reference

[109-111]

[111-114]

[114]

[111,115]

[95,111]

[111]

[111, 116,
117]
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B Table 9.1 (continued)

Working site, Effect Reference
action
Pre-ICU
Exogenous steroids Central and periph-  |CRH — | ACTH — | Cortisol [111,118,
Oral contraceptives eral, inhibitory ITBG — | T4 (Tmetabolization) 119]
Anabolic steroids |TBG (estrogen)
Medroxyprogester-
one
Megestrol acetate
Corticosteroids
Opioids (prolonged) Central, inhibitory 1 GnRH = | LH, FSH [120]
| ACTH — | Cortisol, DHEAS
Psychotropic drugs [111]
Lithium Peripheral, 1T4 (I T4 release)
inhibitory
Anti-epileptic drugs Peripheral, 1T4 (thepatic metabolization)
inhibitory
Bexarotene, retinoid X Central, inhibitory ITSH - |T4 [103,121]

receptors (RXR) ligand

Abbreviations: G/ gastro-intestinal, | reduced concentration (due to reduced secretion - or if
other mechanism depicted between brackets), via inhibition

9.2 Adrenal Axis

The hypothalamic-pituitary-adrenal (HPA) axis contributes to the regulation of immune
function, reproduction, growth and metabolism, and their adaptation during stress [1, 16].
Under physiological conditions, cortisol secretion from the adrenal cortex occurs in epi-
sodic bursts due to nocturnal and early morning pulsatile increases in secretion of adre-
nocorticotropic hormone (ACTH) by the pituitary, resulting in a diurnal variation of
cortisol plasma concentrations [16, 17]. ACTH secretion itself is induced by corticotropin-
releasing hormone (CRH) and arginine vasopressin (AVP), released in the pituitary portal
circulation by neurons of the hypothalamic paraventricular nucleus in response to stimu-
lation by catecholaminergic projections or limbic activation, thus integrating both physi-
ological and psychological stressors into the final adrenocortical stress response [18]. In
the peripheral circulation, the majority of cortisol is bound to its specific binding protein,
transcortin or corticosteroid-binding globulin (CBG), and to albumin [19]. Only free cor-
tisol is biologically active and manifests its pleiotropic homeostatic effects through the
glucocorticoid receptor, resulting in mobilization of protein and fatty acid stores for glu-
coneogenesis, in increased vasomotor tone and fluid retention, and in an anti-inflammatory
cytokine environment [20]. Cortisol directly inhibits the release of both ACTH and its
hypothalamic secretagogues, an effect that is further fine-tuned by autoregulatory central
feedback loops (8 Fig.9.1) [16, 21].
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Within the first hours of critical illness, plasma cortisol concentrations rapidly rise
[22, 23]. In contrast, plasma ACTH concentrations are low, due to reduced nocturnal
burst size of ACTH secretion [24, 25]. The secretory ACTH-cortisol feedback relationship
does remain present in critical illness, albeit with reduced burst size [24]. This apparent
paradox implies a non-ACTH-driven mechanism to maintain high concentrations of cor-
tisol that subsequently feedback-inhibit ACTH release [22]. Reduced cortisol breakdown
by A-ring reductases and by 11p-hydroxysteroid dehydrogenase type 2 in the liver and
kidneys, respectively, an increase in the free cortisol fraction due to a decrease in CBG and
albumin, and direct adrenocortical stimulation by cytokines and the sympathetic nervous
system contribute to the maintenance of high free cortisol in the presence of reduced
hypothalamic-pituitary output [22, 26]. At the tissue level, critical illness seems to alter the
glucocorticoid receptor levels, corticosteroid aflinity, and receptor isoform in neutrophils
and the liver [27-29]. However, as local concentrations of free cortisol can be altered due
to activity of neutrophil elastase and 11f3-hydroxysteroid dehydrogenase type 2, investiga-
tion in larger samples is necessary to elucidate the resultant effect on local cortisol action
[27-30].

Cortisol remains elevated throughout the chronic phase of critical illness, thus result-
ing in ongoing suppression of ACTH as critical illness persists [24, 25, 31]. Adrenocortical
integrity itself appears to be negatively affected when trophic input is insufficient for more
than 1 week, as postmortem analyses of adrenal glands in long-stay ICU patients showed
a loss of cortical mass, lipid content, and expression of steroidogenic proteins which were
not observed in short-stay ICU patients [22, 32]. Of note is that in a longitudinal study
measuring cortisol and ACTH in long-stay ICU patients who eventually recovered from
critical illness, ACTH levels tended to rise towards the end of ICU stay as cytokine levels
dropped [25]. This led the authors to suggest that in the chronic or even recovery phase of
critical illness, the role of ACTH in determining cortisol concentrations again increases,
though the rate of cortisol metabolism was not taken into account [25].

The question whether the diminished secretory cortisol response to (exogenous)
ACTH observed in prolonged critically ill patients identifies adrenal failure requiring
treatment, when circulating cortisol is high and cortisol breakdown is reduced, has
become highly controversial [31]. Although hypercortisolism in critically ill patients
seems appropriate from a hemodynamic perspective and ICU treatments interfering with
cortisol synthesis have been shown to increase mortality, the negative impact of inappro-
priately high cortisol on immune function, wound healing, and nitrogen balance extrapo-
lated from syndromes of chronic hypercortisolism such as Cushing’s disease should be
taken into account [12, 33, 34]. Reference values for cortisol in critical illness are difficult
to define given its association with severity of illness and given the use of therapies in the
ICU with impact on corticosteroid homeostasis as summarized in @ Table 9.1 [25].
Furthermore, given the reduced cortisol metabolism, administration of exogenous corti-
costeroids could result in much higher cortisol levels than originally anticipated, thus
potentially putting a patient population already prone to ICU-acquired weakness
(ICUAW) and secondary infections at increased risk for these complications [26].

The concept of critical illness-related corticosteroid insufficiency (CIRCI), a term
introduced by the Society of Critical Care Medicine to describe plasma cortisol concentra-
tions that are inadequate relative to the imposed stress, has been extensively investigated
in the context of septic shock [35]. Whereas high-dose methylprednisolone in patients
with septic shock resulted in worse outcome, lower doses of hydrocortisone (200 mg per
day) in patients with septic shock in the context of “relative adrenal insufficiency” led to
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faster shock reversal [36-39]. However, neither an association between total cortisol
response to exogenous ACTH and survival from sepsis nor a survival benefit of lower
doses of corticosteroid treatment was evident in RCTs and meta-analyses [37, 39, 40].

Further insight in the outcome effects of corticosteroid treatment in a prolonged criti-
cally ill patient population may be provided by small trials including patients with adult
respiratory distress syndrome (ARDS), where methylprednisolone resulted in a reduction
of ventilator- and ICU-associated hospitalization days, better hemodynamic parameters,
and possibly a small mortality benefit when treatment was initiated within the first week
[41, 42]. Unfortunately, the incidence of neuromyopathy in corticosteroid-treated patients
was also higher [41]. As recent follow-up studies reported unfavorable long-term morbid-
ity outcomes in ARDS survivors, in particular with respect to subjective and objective
physical function, the relationship between ICUAW, long-term weakness, and use of cor-
ticosteroids needs to be clarified [5, 33]. The only generally accepted use of corticosteroids
in the context of critical illness is the administration of stress doses of hydrocortisone to
prevent an Addisonian crisis in those patients with known primary adrenal insufliciency
or tertiary adrenal insufficiency as a consequence of long-term corticosteroid therapy at
doses equivalent to more than 5 mg of prednisone [43-45]. However, as proposed dosage
schemes have been developed assuming that cortisol production in critical illness is
increased manifold and do not take into account the reduced cortisol breakdown, updat-
ing the dosage regimens might be warranted should a negative impact of corticosteroids
on functional outcomes be further supported [26]. Controversy exists about laboratory
diagnostic criteria for adrenal insufficiency, leading to highly variable use of corticoste-
roids in clinical practice. Recent guidelines (8 Table 9.2) suggest limiting the use of corti-
costeroids in ICU by stringent clinical criteria but could only assign a low level of
recommendation [35, 46]. Given the lack of clear mortality benefit, the indications for
corticosteroid administration might be further narrowed should a causal relationship
with ICUAW be confirmed. This is also supported by the much lower daily cortisol pro-
duction (between 30 mg/d and 60 mg/d depending on the degree of inflammation) rate as
compared with so-called low-doses of hydrocortisone (200 mg/d) [22].

In contrast to cortisol, the other adrenal steroids, including aldosterone, dehydroepi-
androsterone (DHEA), and its sulfated form DHEAS, are low throughout the course of
critical illness [47-49]. Increased responsiveness to angiotensin and catecholamines
mediated by hypercortisolism maintains vascular tone and fluid balance in spite of low
aldosterone levels [31, 37, 49]. In addition to its role as sex steroid precursor, DHEA has
an important immune modulatory effect, and it has been suggested that the long-standing
imbalance between levels of cortisol and DHEA(S) in prolonged critical illness contrib-
utes to the increased susceptibility to infections [3, 47, 48].

Little is known about the evolution of cortisol after critical illness and its impact on
long-term prognosis and the post-intensive care syndrome. Should hypercortisolism
inappropriately persist after resolution of critical illness, then a multitude of morbidities
commonly observed in Cushing syndrome, ranging from muscle weakness and skin atro-
phy to cardiovascular disease, as well as memory and mood disturbances, can be antici-
pated [12]. However, a small study in ARDS survivors found basal afternoon cortisol to be
within normal ranges, though it was lower in patients with more than one traumatic
memory of ICU stay than in patients with maximally one such memory, further stressed
by a positive correlation between basal cortisol concentrations and number of traumatic
memories [50, 51]. Although in this study basal cortisol at follow-up did not correlate
with the incidence of posttraumatic stress disorder (PTSD) and corticosteroid use in ICU
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was not included in the analyses, it is of note that in survivors of major cardiac surgery, the
risk of PTSD correlated with in-ICU administration of corticosteroids [52, 53]. These
studies were methodologically weak, the reported relationships being small at best.
Further in-depth research is warranted to assess whether altered glucocorticoid signaling
during and after the episode of stress interferes with aversive memory consolidation and
retrieval and how corticosteroid administration in ICU modifies this relationship [54].
Like neuropsychiatric outcome, the effects of altered glucocorticoid signaling during and
after ICU stay on muscle function are unclear and difficult to investigate, given the impos-
sibility to assess neuromuscular function of patients on admission, practical difficulties
associated with muscle force evaluation in ICU, and incomplete knowledge about the
pathophysiology of ICUAW and its potential to recover after critical illness [55, 56].
Prospective research and long-term follow-up of clinical outcome parameters should
explore these knowledge gaps.

9.3 Growth Hormone Axis

The growth hormone axis or somatotropic axis plays an essential role in the regulation of
various metabolic processes. Lipolysis, amino acid transportation into muscle tissue, and
hepatic gluconeogenesis are direct effects of growth hormone (GH), but GH also has indi-
rect effects on body growth and anabolism by inducing insulin-like growth factor I (IGF-
I) secretion [57]. Growth hormone-releasing hormone (GHRH) and somatostatin act in
concert with ghrelin and other GH-releasing peptides (GHRP) to regulate GH secretion
from the anterior pituitary [57, 58]. Multiple negative feedback loops are embedded in this
axis, of which a direct suppressive effect by IGF-I on the pituitary gland is the most domi-
nant [58, 59]. This complex regulation leads to a pulsatile pattern of GH release with high
peaks and almost undetectable interpulse concentrations. IGF-I concentration is more
constant, but bioavailability is regulated by different types of IGF-binding proteins
(IGFBP) [58, 59]. In circulation, IGF-I is predominantly bound to IGFBP-3 and acid-
labile subunit (ALS) to form a large ternary complex, whereas only a small fraction is
bound to other smaller IGFBPs in binary complexes that cross the endothelium more
easily [59].

In the acute phase of critical illness, stress induces the pituitary to secrete GH with
increased pulse frequency and higher peak and baseline GH concentrations. Serum con-
centrations of IGF-I are low, while the growth hormone receptor appears to be downregu-
lated [59, 60]. Altered serum concentrations of IGFBPs, especially IGFBP-3, ALS, and
IGFBP-1, increase IGF-I clearance, which further contributes to low serum IGF-I concen-
trations [61]. Due to the apparent state of GH resistance, direct effects of GH, such as
lipolysis and immune stimulation, are enhanced, whereas indirect effects are suppressed,
thereby providing essential substrates to vital organs by inducing catabolism while avoid-
ing costly anabolism.

When a patient does not recover swiftly and enters a state of prolonged critical illness,
functionality of the GH axis again dramatically changes. The pulsatile fraction of GH
secretion drops although pulse frequency remains high, while interpulse GH concentra-
tions are still elevated [2, 62]. Reduced pulsatility of GH leads to a further reduction in
circulating IGF-I concentrations [9, 63]. Low IGF-I concentrations thus are no longer
explained by peripheral GH resistance, but rather by a hypothalamic suppression leading
to a less active anterior pituitary gland [62, 64]. These low IGF-I concentrations can fur-
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ther contribute to muscle wasting and impaired recovery of organ functions by ongoing
catabolism [65].

In an attempt to improve anabolism in critically ill patients, various interventions at
the level of the GH axis have been investigated in a clinical setting. Recombinant human
GH (rhGH) initially appeared promising with several small studies reporting beneficial
effects on lean body mass and protein balance [66-68]. However, enthusiasm was coun-
tered when a large multicenter randomized controlled trial demonstrated an increased
ICU and hospital mortality in prolonged critically ill patients treated with GH [69]. This
finding might be caused by supraphysiological dosing of rhGH, especially in the pro-
longed phase of critical illness when GH sensitivity has recovered, with an increase in
toxic side effects such as insulin resistance [70]. Administration of recombinant human
IGF-I to critically ill patients could theoretically inhibit protein breakdown. A very small
trial demonstrated that a single dose of IGF-I did not induce adverse effects but did not
study any efficacy outcome [71]. Combined treatment with GH, IGF-I, and glutamine
improved protein balance in two small studies that, however, did not investigate clinical
outcome [72, 73]. Treatment with GHRH and/or GHRP might be a more attractive alter-
native than administering GH or IGF-I, as this restores pulsatile GH secretion as well as
increases IGF-I and ternary complex binding proteins [62]. In theory, this intervention is
also safer as it maintains negative feedback loops intact with prevention of overstimula-
tion of the GH axis. Co-administration of multiple hypothalamic releasing hormones as
pituitary stimulators, including GHRH, GHRP-2, thyrotropin-releasing hormone (TRH),
and gonadotropin-releasing hormone (GnRH), was able to reduce catabolism and induce
anabolism in peripheral tissues [7, 9].

Involvement of the GH axis in post-intensive care syndrome has not been investigated
yet, although clues from the literature in other fields seem promising. Consistent with
post-intensive care syndrome, symptoms of growth hormone deficiency in adults and
IGF-I deficiency in Laron dwarfism include lower muscle mass and weakness, as well as
decreased overall well-being and energy [10, 11]. Lower IGF-I concentrations in the first
days after surgery have already been associated with postoperative cognitive dysfunction
[74]. In addition, IGF-I is a known regulator of muscle stem cell function, whereas
impaired regenerative capacity due to stem cell dysfunction has been shown to contribute
to long-term persistence of weakness in a pilot study [4, 75]. Chronic hypopituitarism
mainly characterized by GH deficiency has been described after traumatic brain injury,
but caution is warranted when extrapolating these results, as the dominant pathophysio-
logical mechanism here appears to be anatomical [76]. Whether GH and IGF-I concentra-
tions thus remain disturbed long after critical illness and whether such disturbance would
contribute to long-term impairment of muscular, cognitive, and psychological function
remain currently unknown.

9.4 Thyroid Axis

The thyroid axis regulates basal metabolic rate, thermogenesis, and lean body mass. The
thyroid gland releases its reservoirs of thyroxin (T,) upon stimulation by thyrotropin
(TSH), of which the pulsatile release by the anterior pituitary is under the control of hypo-
thalamic secretion of TRH [77, 78]. T, is a hydrophobic prohormone that is carried to its
peripheral target sites by thyroxin-binding globulin (TBG) [77, 78]. After cellular uptake
through selective monocarboxylate transporters OATP1C1 and MCTS, T, is activated by
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iodothyronine deiodinases type 1 (D1, expressed in all tissues except the central nervous
system) or type 2 (D2, mainly expressed in the skeletal muscle, brain, and thyroid gland)
to triiodothyronine (T,) (79, 80]. T, exerts its genomic effects through binding to the
thyroid hormone nuclear receptor, which needs to heterodimerize with the retinoid X
receptor [79, 81]. An alternative deiodination reaction mediated by iodothyronine deio-
dinase type 3 (D3) generates reverse T, (1T,), which renders the thyroid hormone inactive
[81]. Both circulating and local thyroid hormones exert inhibitory effects on TSH and
TRH secretion [3, 81].

Hypoactivity of the thyroid axis, often referred to as the low T, syndrome or non-
thyroidal illness (N'TI), is a well-known phenomenon in ICU patients, the main origin of
which shifts from peripheral to additional central involvement throughout the course of
critical illness [2, 3, 82].

The acute phase of critical illness is characterized by a decrease in both circulating and
tissue T, and an increase in rT,, due to altered peripheral thyroid hormone conversion
secondary to increased peripheral activity of D3 and reduced activity of D1 [80, 82-85].
In addition, the lower concentrations of the thyroid hormone-binding proteins as well as
the inhibitory effect of free fatty acids and bilirubin on hormone binding, transport, and
metabolism have been shown to contribute to the low T,. Concurrently, concentrations of
both total T, and TSH are in the low-normal range, although in surgical patients a tran-
sient T, and TSH surge has been reported [3, 80, 83, 86]. Of note is that, in spite of normal
serum TSH concentrations, the pituitary secretory pattern is already altered in this early
stage of critical illness as the nocturnal TSH secretory surge was shown to be absent [3].
The constellation of these early changes in thyroid function mimics a typical fasting
response and may be in part attributed to it, given the frequently impaired nutrient intake
of critically ill patients [82, 87]. This response could thus represent an adaptation to such
low availability of nutrients and could be beneficial by decreasing energy expenditure and
by improving bacterial killing capacity via high D3 activity within granulocytes [88, 89].

When critical illness is prolonged, pulsatile TSH secretion is dramatically reduced, a
phenomenon that could be mediated by suppressive effects of increased somatostatin
release, hypercortisolism, and (endogenous or exogenous) dopamine on TRH gene
expression [77, 80, 83, 86]. In this phase, plasma concentrations of T, are also low apart
from the low T,. At the tissue level, several changes develop that could be regarded as a
compensatory response to the decrease in circulating and tissue concentrations of T, thus
indicating the need for higher thyroid hormone availability [80, 90-92]. These attempts to
increase T, availability include an upregulation of the thyroid hormone transporter
MCTS3 in the skeletal muscle, liver, and kidney, local activation of thyroid hormone by
increased D2 activity in the muscle and lung, and more selective expression of the active
as compared with the inactive thyroid receptor isoform in the liver, as shown in critically
ill patients and/or animals [91, 93].

Low concentrations of T, and T, correlate well with severity of illness and mortality,
but it is uncertain whether low thyroid hormone concentrations explain these adverse
outcomes or rather reflect an appropriate compensation for critical illness [80, 85, 94, 95].
Clues for the role of altered thyroid function in critical illness can be deduced from the
Early versus Late Parenteral Nutrition in Critically Ill patients (EPaNIC) trial, an RCT
comparing the effects of early macronutrient restriction (late parenteral nutrition) with
full macronutrient provision via provision of early supplemental parenteral nutrition
completing insufficient enteral nutrition. In this RCT, the patient group randomized to
late parenteral nutrition had better outcome with respect to risk of nosocomial infection
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and weakness as well as duration of dependency on intensive care, a finding that coincided
with a more pronounced drop of T, T,, and T, to rT, ratio in the acute phase of illness [96,
97]. Statistical analyses pointed out that positive effects of accentuated peripheral T, inac-
tivation were partially negated by concurrently lowered concentrations of T, as marker of
more pronounced central suppression of thyroid function [87]. However, causality cannot
be implied from these findings [87].

Notwithstanding the plausible benefit of a suppressed thyroid axis in the acute phase
of critical illness, continued depletion of thyroid input likely contributes to unfavorable
outcome in prolonged critically ill patients. Low T, concentrations have been correlated
with muscle breakdown and with mortality [63, 84]. Support for a causal relationship
between deficient levels of thyroid hormones and loss of lean body mass in prolonged ICU
stay is provided by the observation that the thyroid axis of critically ill patients can be
reactivated by means of thyrotropic secretagogues and that this induces an anabolic
response in both muscle and bone [3, 63]. In order to increase T, without increasing its
inactive metabolite rT,, the combined administration of TSH and GH secretagogues
appeared necessary, possibly depicting an effect of the GH axis on regulation of deiodin-
ase activity [7, 63]. The administration of TRH and a GH secretagogue is conceptually
attractive since it does not pose the practical complexities associated with administration
of thyroid hormones T, and T,, i.e., the impaired conversion of T, to T, and the risk of
feedback inhibition on TSH inducing hypothyroidism on therapy withdrawal, respec-
tively [7, 63, 83].

In spite of the plausible benefit of reactivated anabolism in prolonged critically ill
patients, no formal treatment indications concerning non-thyroidal illness in the ICU
have been formulated [95, 98]. As the use of hypothalamic secretagogues remains to be
further explored, treatment would encompass the use of thyroxin, which has the afore-
mentioned efficacy issues and failed to show mortality benefit in ICU patients [99, 100].
The distinction between NTI and primary central hypothyroidism, a clear indication for
thyroid hormone substitution, is thus relevant but often difficult. The finding of low con-
centrations of T, and T, together with an often slightly elevated TSH, an increased T, to
T, ratio, and decreased rT, support a diagnosis of central hypothyroidism, which should
be treated accordingly [98].

As with the other neuroendocrine axes, the evolution of thyroid hormone and thyro-
tropin after critical illness is virtually unexplored. The relationship between T, and T, and
several aspects of mood and cognition, even in the euthyroid range, is well known, but its
exact regulatory pathways are not fully understood, and evidence on causality between
(sub)clinical hypothyroidism and specific cognitive outcomes such as mild cognitive
impairment is conflicting [13, 101]. Extrapolation from clinical data is complicated by the
unique thyroid axis alterations in critical illness, in particular altered peripheral conver-
sion of T,. However, the reduced hypothalamic thyrotropic output in prolonged critical
illness partly resembles central hypothyroidism. In central hypothyroidism, cognition and
mood are negatively affected, and these defects seem to be only partially reversed with T,
replacement therapy [102, 103]. This finding is an element with potential clinical relevance
in ICU survivors given the impaired peripheral conversion to T, in the phase of critical
illness. Whether the changes in the thyroid axis persist and may contribute to long-term
adverse outcome of ICU survivors should be further investigated.
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9.5 Gonadotropic Axis

The gonadotropic axes play an age- and gender-dependent physiological role in growth,
sexual differentiation, and reproduction. In analogy to the aforementioned neuroendo-
crine axes, the hypothalamus secretes GnRH in a pulsatile fashion, stimulating the pitu-
itary gonadotropes to release luteinizing hormone (LH) and follicle-stimulating hormone
(FSH), which act in concert to regulate sex steroid production and reproduction [3].
Under physiological conditions, the main production sites of the sex hormones are the
testes and ovaries, though steroidogenesis by the adrenals and the liver with subsequent
peripheral aromatization also contributes [3, 104]. In men, LH stimulates the production
of testosterone and androstenedione by the testicular Leydig cells, whereas spermatogen-
esis requires the combined action of FSH and testosterone on Sertoli cells [3]. In women,
LH also mediates ovarian androgen production, whereas FSH orchestrates ovarian aro-
matization of androgens to estrogens [3]. Sex steroids exert a negative feedback on GnRH
and gonadotropin secretion [105]. Other centrally acting inhibitors include leptin,
prolactin, corticotropin-releasing hormone, and inhibin [105].

In men, the acute phase of critical illness is hallmarked by a rapid decline in testoster-
one to prepubertal concentrations, even despite a transient increase in LH and thus prior
to a decrease in LH secretion, in which increased testosterone metabolism and inhibition
of Leydig cells by cytokines and reduced IGF-1 signalling could play a role [3, 105]. In
contrast, serum estrogen levels are increased due to increased peripheral aromatization
[105]. In the short term, the decrease in anabolic androgens could be viewed as an attempt
to reduce energy consumption and conserve substrates for more vital functions. As criti-
cal illness persists, pulsatility of LH secretion is lost and LH concentrations are low [105].
In this phase, testosterone concentrations decrease further, often becoming undetectable.
Both relatively low and high estrogen concentrations have been reported. As testosterone
is the most potent endogenous anabolic steroid, sustained low concentrations could have
important implications with regard to the hypercatabolism of critical illness. Though
research in critically ill women is limited and samples mainly consist of postmenopausal
patients, LH and FSH concentrations seem to be reduced.

Several factors may contribute to the profound hypogonadism, including endogenous
or exogenous dopamine, opiates, maintained bioactive estradiol, prolonged local increases
in cytokines at the level of the brain, and increased HPA axis activation [1, 3].
Glucocorticoids cause reduced secretion of GnRH and inhibit gonadal function and
responsiveness to the effects of the gonadotropic hormones [1]. The complicated interac-
tions affecting the gonadotropic axis are further illustrated by the fact that the hypogo-
nadotropic hypogonadism of prolonged critical illness cannot (or only transiently) be
restored by isolated administration of GnRH but instead requires a combination of
GHRP-2 and TRH infusion concurrently with GnRH pulses [7, 8]. The positive metabolic
alterations in critically ill men associated with this combined intervention seem to war-
rant further investigation, though reduced commercial availability of these secretagogues
has obstructed research initiatives. Alternative strategies reactivating the gonadotropic
axis in order to restore anabolism, including testosterone substitution as well as adminis-
tration of the more selective anabolic steroid oxandrolone, failed to show benefit in RCTs
conducted in critically ill men, and a negative effect of testosterone on immune function
has been suggested by animal studies [3, 106, 107].
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9.6 Lactotropic Axis

Prolactin functions as a stress hormone, serves additional functions during breastfeeding,
and is also presumed to have immune-enhancing properties [3]. The physiological diurnal
variation in prolactin stems from pulsatile release by the pituitary, though the regulatory
aspects are not fully understood [108].

In the context of critical illness, prolactin rises acutely, possibly through the effects of
vasoactive intestinal peptide, oxytocin, (endogenous or exogenous) dopamine, and cyto-
kines on the pituitary [3]. Its function is incompletely understood but may involve regula-
tion of immune system activation [3]. In the prolonged phase of critical illness, mean
nocturnal prolactin concentrations have been shown to be low-normal, but its pulsatile
release appeared to be low with absence of the nocturnal surge [108]. Although it has been
suggested that blunted prolactin secretion could contribute to imbalanced immune func-
tion, the clinical relevance of hypoprolactinemia in prolonged critical illness is unclear [3].

Conclusions

Critical illness-induced endocrinopathy has a biphasic pattern. Neuroendocrine alterations
in the acute phase safeguard energy and substrate provision for the vital organs and are
therefore considered adaptive. The characteristic neuroendocrine disturbances in the
chronic phase, however, contribute to the ongoing hypercatabolism and therefore are pre-
sumed detrimental. Whether the neuroendocrine changes should be treated during critical
illness remains controversial, but administration of hypothalamic releasing factors to pro-
longed critically ill patients appeared promising. Currently, it is unclear whether the neuro-
endocrine disturbances persist after critical illness. Nevertheless, evidence from other fields
suggests a potential role of neuroendocrine disturbances in long-term impairment of
physical and cognitive functioning.
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Learning Objectives

This chapter summarises the pathophysiology of stress hyperglycaemia during critical ill-
ness, updates evidence that patients post critical illness frequently develop diabetes, out-
lines putative mechanisms underlying this ‘post-intensive care unit (ICU) diabetes’ and
discusses the potential roles for screening and treatment to prevent post-ICU diabetes and
its complications.

10.1 Introduction

Stress hyperglycaemia describes the phenomenon of hyperglycaemia that occurs in criti-
cally ill patients in whom glucose tolerance was previously normal and initially resolves
following recovery [1]. For this reason, stress hyperglycaemia traditionally has not been
considered to have an adverse impact on long-term health [1]. However, it has been
recently recognised that there are strong associations between stress hyperglycaemia dur-
ing intensive care unit (ICU) admission and the subsequent development of type 2 diabe-
tes in ICU survivors [2]. This phenomenon could therefore be referred to as ‘post-ICU
diabetes.

An increased risk of diabetes in this group may be of particular importance as survi-
vors of ICU frequently experience long-term complications such as sensorimotor periph-
eral neuropathy, autonomic neuropathy and nephropathy [3-6], all of which have the
potential to be exacerbated by the development of concomitant diabetes. Screening for
diabetes is relatively inexpensive and can be performed in numerous health-care settings.
Thus, an opportunity may exist for screening and follow-up of patients with stress hyper-
glycaemia to reduce progression to diabetes and prevent complications associated with
long-term hyperglycaemia.

10.2 Stress Hyperglycaemia

‘Stress hyperglycaemia’ is defined as a blood glucose that, in health, would lead to a diag-
nosis of diabetes but initially resolves with resolution of the critical illness [7, 8]. It is
accepted that stress hyperglycaemia occurs frequently — up to 50% of critically ill patients
are hyperglycaemic within 48 hours of ICU admission [8]. The prevalence of stress hyper-
glycaemia depends upon the glucose threshold used, the population studied and whether
patients who have unrecognised type 2 diabetes are excluded from estimates [8]. Studies
to identify patients with unrecognised diabetes on hospital admission using glycated hae-
moglobin (HbA, ) measurements reveal up to 15% of patients have unrecognised diabetes
[9]. Nevertheless, even when patients with previously unrecognised diabetes are excluded
from estimates, stress hyperglycaemia occurs frequently during critical illness [8].

The pathophysiology of stress hyperglycaemia involves a complex interplay between
patient predisposition, the physiological changes associated with critical illness and spe-
cific treatments administered in the ICU (8 Table 10.1). The initial mechanistic studies of
stress hyperglycaemia were conducted in war zones. These included blood sampling in
soldiers with major injuries and hypovolaemic shock, which identified that the rise in
serum insulin in response to the hyperglycaemia was inadequate, particularly as injury
severity increased [10]. Insulin secretion was thought to be attenuated due to effects of
counter-regulatory hormones on islet cells [10].
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B Table 10.1 Causes of stress hyperglycaemia in critical illness
Individual patient ICU treatments Physiological changes due to critical illness
predisposition
Insulin resistance Total parenteral Increased counter-regulatory hormones (glucagon,
Pancreatic p-cell nutrition cortisol, catecholamines)
reserve Enteral nutrition Inflammatory cytokines (TNF-q, IL-1, IL-6) alter
Vasopressors insulin receptor signalling
Glucocorticoids Increased lipolysis: circulating free fatty acids alter
Dextrose insulin receptor signalling

Patient predisposition, physiological changes during critical iliness and treatments administered
in the ICU can all contribute to the development of stress hyperglycaemia
ICU intensive care unit, TNF tumour necrosis factor, IL interleukin

It is now considered that the pathogenesis of stress hyperglycaemia is predominately a
state of insulin resistance coupled with relative insulin deficiency (insufficient plasma insu-
lin levels to meet demand) [1]. The stress response to critical illness initiates significant
activation of inflammatory mediators and a rise in counter-regulatory hormones, both of
which increase hepatic gluconeogenesis and drive insulin resistance. Insulin resistance
results largely from post-receptor insulin signalling defects in glucose transporters type 4
(GLUT-4) leading to reduced glucose uptake in insulin-sensitive tissues (liver, muscle and
fat) [11]. Muscle glycogen storage is also impaired in stress hyperglycaemia [1].

Whether stress hyperglycaemia per se is harmful or an epiphenomenon of illness
severity is uncertain. During critical illness, stress hyperglycaemia is a known marker of
illness severity and the degree of hyperglycaemia is strongly associated with mortality,
especially in patients without a history of diabetes [8, 12]. However, there is no conclusive
evidence proving this is a causative association. Whilst there is likely to be some concen-
tration at which hyperglycaemia will be harmful, ‘mild’ stress hyperglycaemia may repre-
sent an epiphenomenon [13] or even an adaptive physiological response to critical illness
that augments cellular glucose uptake in non-insulin-dependent tissues (such as the ner-
vous system, bone marrow and the reticuloendothelial system), in the setting of the
diminished microvascular flow frequently associated with critical illness [14]. The latter
hypothesis is supported by the NICE-SUGAR trial. Within this landmark multi-centre
trial, tight control of stress hyperglycaemia with intensive insulin therapy (4.4-6.1 mmol/L)
when compared to standard care (6-10 mmol/L) increased mortality [15].

10.3 Stress Hyperglycaemia, Prediabetes and
Type 2 Diabetes: A Continuum?

It is biologically plausible that critical illness also unmasks latent insulin resistance and/or
impaired pancreatic -cell secretory function in a proportion of susceptible patients [16].
Accordingly, stress hyperglycaemia may identify a cohort at greater risk of subsequent
diabetes, even years after survival from critical illness.

Transient hyperglycaemia which occurs in other contexts of physiological ‘stress’ (i.e.
not critical illness) can predict the subsequent development of type 2 diabetes. For
example, whilst gestational diabetes was once considered to be a temporary disorder of

10
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pregnancy;, it is now well recognised that gestational diabetes strongly predicts the devel-
opment of type 2 diabetes [17-19]. Screening programmes have been widely implemented
postpartum for women with gestational diabetes in order to identify prediabetes and type
2 diabetes early and thereby reduce complications [20, 21].

Furthermore, a number of epidemiological studies have reported an association
between hyperglycaemia during hospitalisation that does not involve admission to ICU
and the subsequent development of type 2 diabetes (B Table 10.2) [22-25]. The most
externally valid of these studies to the critical care environment was a retrospective data-
linkage study of 86,634 patients admitted to hospital from emergency departments in
Scotland [22]. The 3-year risk of developing diabetes for patients who were hyperglycae-
mic (blood glucose >11 mmol/L) was 10% compared to 2.3% for all patients requiring
emergency admission [22].

The mechanisms which underlie progressive glucose intolerance and the development of
prediabetes or post-ICU diabetes are likely to be complex and have been infrequently stud-
ied (B Fig. 10.1). It is plausible that stress hyperglycaemia during ICU identifies those
patients with pre-existing impaired p-cell reserve and insulin resistance, but it is possible
that critical illness itself accelerates these abnormalities. If insulin resistance persists follow-
ing critical illness, it is likely to contribute to the development of post-ICU diabetes [26]. The
hyperglycaemia which occurs in type 2 diabetes typically results from progressive insulin
resistance which develops over years and contributes to ensuing beta-cell secretory defect
[27]. However, the insulin resistance of critical illness occurs rapidly, as a result of a dramatic
rise in counter-regulatory hormones and inflammatory mediators [1]. Whether insulin
resistance persists following critical illness in patients who experienced stress hyperglycae-
mia and the magnitude of any such persisting insulin resistance have never been evaluated.

In addition to persisting insulin resistance, a number of other mechanisms may be impli-
cated. In health, the gastrointestinal tract plays a key role in the modulation of postprandial
glycaemic excursions, with postprandial glycaemia dependent largely on both the rate of gas-
tric emptying and the incretin enterohormones, glucagon-like peptide-1 (GLP-1) and glu-
cose-dependent insulinotropic polypeptide (GIP) [28]. Loss of postprandial glycaemic
control is frequently the first sign of disordered glycaemic control in those that develop type
2 diabetes [29], and postprandial hyperglycaemia has the capacity to contribute to the devel-
opment of diabetes via glucose toxicity to pancreatic p-cells [27]. The ‘incretin effect’ describes
the increased insulin release following enteral glucose administration when compared with
iso-glycaemic intravenous glucose administration [28]. GLP-1 and GIP, which are secreted by
the intestine in response to food ingestion, are responsible for the incretin effect and account
for up to 70% of the total insulin response to oral glucose in health [30]. There is emerging
evidence that the incretin effect is acutely diminished during critical illness, although whether
this simply represents attenuated secretion of GIP and GLP-1 or more complex pathophysiol-
ogy; such as reduced insulinotropic effects of GIP and GLP-1 in the critically ill, remains
unknown [31-34]. It should be recognised that measurement of the incretin effect after intra-
gastric administration of nutrient in the critically ill is biased toward a diminished incretin
effect: this is because secretion of GIP and GLP-1 are dependent on the rate of gastric empty-
ing [35], and gastric emptying is frequently delayed during critical illness [36]. It is unclear
whether attenuation of the incretin effect persists after resolution of critical illness.

The role of gastric dysmotility in the development of post-ICU diabetes has also never
been studied. Gastric dysmotility occurs frequently during critical illness [36, 37], but
limited data exist about gastric emptying as patients recover [6]. Rapid gastric emptying
can lead to larger postprandial glycaemic excursions and may be implicated in the
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B Fig. 10.1  Summary of postulated mechanisms contributing to the development of post-ICU

diabetes. A combination of predisposing factors in the patient and physiological changes associated
with critical illness may be implicated

pathogenesis of type 2 diabetes [38-40], but delayed gastric emptying can also potentially
contribute to hyperglycaemia via a reduction in the incretin effect [41]. Therefore, persis-
tent gastric dysmotility has the potential to contribute to persistent glucose intolerance
following critical illness.

Additional mechanisms that may predispose to post-ICU diabetes and warrant further
evaluation include the reduction in physical activity and autonomic dysfunction, both of
which are reported to occur frequently in survivors of ICU [42, 43]. Physical inactivity
and autonomic dysfunction have the capacity to worsen glycaemia and facilitate the ear-
lier development of microvascular complications associated with diabetes [44, 45]. Finally,
critically ill patients who experience stress hyperglycaemia are reported to more frequently
have a family history of diabetes and a higher body mass index on admission to ICU than
critically ill patients with normal glucose tolerance [46, 47]. This suggests that well-
accepted risk factors of type 2 diabetes, such as obesity and family history, may also play a
key role in the development of post-ICU diabetes.

10.4 Evidence that Stress Hyperglycaemia Predicts Type 2
Diabetes After Critical lliness

The question of whether stress hyperglycaemia identifies survivors of critical illness at
increased risk of subsequently developing diabetes has been the subject of a number of
retrospective and prospective controlled cohort studies [22, 46-49] and a meta-analysis
[2]. The original studies used different methods to determine the risk of incident diabetes
and employed various definitions of stress hyperglycaemia (@ Table 10.3). Two of the
prospective cohort studies were conducted in a single centre in Croatia and tested patients
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after ICU discharge for prediabetes and diabetes [46, 48]. In the study with the most rigor-
ous follow-up, 582 patients underwent annual oral glucose tolerance tests for 5 years after
discharge from the ICU [46]. Patients who experienced stress hyperglycaemia during ICU
admission (defined as peak blood glucose >7.7 mmol/L) had a fivefold increased risk of
developing diabetes when compared to patients without stress hyperglycaemia. In another
study from the same centre, 258 patients admitted to ICU with sepsis, acute coronary
syndrome or acute heart failure were also followed up with oral glucose tolerance testing
[48]. The risk of incident diabetes was more than four times higher in the stress hypergly-
caemia cohort. Whilst the results of these studies are informative, generalisability is lim-
ited because of the single-centre study design and the absence of reported illness severity
data. In contrast, stress hyperglycaemia (peak blood glucose >7.7 mmol/L) did not iden-
tify patients at increased risk of incident diabetes in a similar single-centre study of 385
ICU survivors conducted in Belgium [47]. This contrasting finding may be explained by
the comparatively short follow-up period - the primary outcome (development of diabe-
tes) was determined using oral glucose tolerance testing, with or without HbA | _testing, at
8 months after ICU discharge.

The retrospective multi-centre database record linkage study of 86,634 patients admitted
to hospital from emergency departments in Scotland (summarised in @ Table 10.2) included
a cohort of 1828 patients who required ICU admission and used a higher threshold to define
stress hyperglycaemia than other studies (blood glucose >11.1 mmol/L) [22]. Data from the
cohort of ICU survivors included in this Scottish study was combined with data from the
European single-centre prospective cohort studies [46-48] in a recent meta-analysis [2]. A
total of 2923 ICU survivors and 131 cases of incident diabetes were included in the meta-
analysis. Stress hyperglycaemia was associated with an increased risk of developing diabetes
in survivors of critical illness, with a low-moderate degree of statistical heterogeneity between
studies (odds ratio 3.48; 95% confidence interval (CI) 2.02-5.98; I> = 36.5%) (@ Fig. 10.2).
Stress hyperglycaemia also identified patients at increased risk of developing prediabetes
(defined according to the American Diabetes Association criteria [50]), which is a known
risk factor for type 2 diabetes, with an annual conversion rate of 5-10% [51]. A limitation of
this meta-analysis was the significant clinical heterogeneity among the included studies.

The largest cohort studied to evaluate whether an association between stress hypergly-
caemia and subsequent diabetes exists is a multi-centre retrospective data-linkage cohort
of 22,473 patients surviving ICU admission in the state of South Australia [49]. Data that
was forwarded to the national (Australian New Zealand Intensive Care Society) ICU data-
base were linked to state-retained hospital-level coding data (matching hospital diagnos-
tic codes for diabetes prior to index hospital discharge), registration with the national
diabetes register and the national register of deaths. Stress hyperglycaemia (defined as
blood glucose >11.1 mmol/L in the first 24 hours of admission) occurred in 17% of
patients without diabetes, and the incidence of diabetes following critical illness was
almost 5% over a median observation period of 5 years. Stress hyperglycaemia nearly
doubled the risk of incident diabetes, and this risk persisted regardless of age or illness
severity. This study used the proposed cut-off (blood glucose >11.1 mmol/L) at which
screening programmes may be beneficial [22]. However, like in several of the previous
studies [22, 46, 47], only a single elevated reading was required, which may not be suffi-
ciently specific given that temporary disturbances in blood glucose can occur following
use of catecholamines or glucocorticoids in critical illness.

In summary, current evidence suggests that the presence of stress hyperglycaemia dur-
ing critical illness at least doubles the risk of incident diabetes following hospital discharge.
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Accordingly, post-ICU diabetes appears to be a real phenomenon. However, all studies to
date have been limited by the use of varying blood glucose thresholds to define stress
hyperglycaemia, and blood glucose concentrations have not been reported in relation to
nutrient delivery or fasting status. Furthermore, very few studies have measured HbA | _as
a way to exclude baseline diabetes, leading to the potential that undiagnosed diabetes may
bias estimates of risk.

10.5 Similarities Between the Long-Term Complications of
Critical lliness and Those of Diabetes

Many of the complications of critical illness are similar to the known microvascular com-
plications of type 2 diabetes. Nephropathy, autonomic neuropathy and sensorimotor
peripheral neuropathy all occur frequently in survivors of critical illness [3-5] and also in
patients with type 2 diabetes who have never been critically ill [52]. It is therefore plausible
that the development of diabetes after critical illness could exacerbate any underlying
long-term complications of critical illness.

Taking nephropathy as an example, critically ill patients who survive an episode of
acute kidney injury requiring renal replacement therapy frequently experience poor phys-
ical function and mental health even 3 years after hospital discharge [53, 54]. These
patients are also at ongoing risk of high mortality and, in those patients still alive at 4 years,
albuminuria is present in almost half [55]. Given that albuminuria is a recognised inde-
pendent risk factor for dialysis requirement, cardiovascular disease and death in cohorts
of non-critically ill patients [56, 57] and that albuminuria is a key feature of diabetic
nephropathy, it is likely that outcomes will be worse in critically ill patients who subse-
quently develop diabetes.

Similarly, autonomic dysfunction, which is already prevalent in critical illness and also
develops as a complication of type 2 diabetes [58], may be accelerated in at-risk patients
and exacerbate symptoms associated with gastroparesis [36] and sexual and bladder dys-
function [59, 60]. Cardiovascular autonomic dysfunction is also strongly associated with
mortality both in critically ill cohorts [4] and in patients with type 2 diabetes in the com-
munity setting [61] — whether this risk of death is compounded in survivors of critical
illness with type 2 diabetes remains unknown.

Finally, the prolonged severe weakness and disability associated with critical illness
polyneuropathy [3, 62] may be less likely to recover if post-ICU diabetes develops, given that
the known microvascular complications of diabetes include diabetic neuropathy [63, 64].

A significant overlap exists between the long-term complications of critical illness and
those of type 2 diabetes, suggesting potential benefits from screening and preventative
interventions for prediabetes and type 2 diabetes in survivors at risk of post-ICU diabetes.

10.6 Screening for Post-ICU Diabetes and Potential
Preventative Strategies

There is typically an extended time period between the development of type 2 diabetes
and its eventual diagnosis, and this delay in clinical diagnosis frequently exacerbates pro-
gression of microvascular complications [65]. Therefore, an opportunity exists to explore
whether screening programmes in survivors of critical illness who experienced stress
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hyperglycaemia can lead to early diagnosis of prediabetes or diabetes and allow interven-
tion to prevent long-term complications. Such a targeted strategy represents a novel
approach given that the current evidence base supporting follow-up programmes and
interventions for heterogeneous cohorts of ICU survivors is limited [66-69].

It should be recognised that mass general population screening programmes for type 2
diabetes are not always effective [70]. However, targeted screening of groups at high risk,
such as women with a history of gestational diabetes, can lead to earlier diagnosis and better
health outcomes. In many countries, screening programmes have been instituted during
the postpartum period for women with gestational diabetes [20, 71]. Point estimates from
meta-analyses suggest that the risk of diabetes following stress hyperglycaemia during
critical illness is similar to, or greater than, the risk in women with gestational diabetes over
comparable periods of observation [2, 17, 19]. Given the high prevalence of stress hypergly-
caemia and that millions of patients are admitted to ICUs worldwide each year, there is
potentially a large number of ICU survivors who may benefit from screening and early
detection of diabetes or prediabetes. Furthermore, the largest study to date has identified
that the risk of incident diabetes following stress hyperglycaemia is greatest in survivors of
critical illness aged 50-59 years — a sevenfold increased risk [49]. This is significant because
the most cost-effective screening programmes are those which can identify younger popu-
lations at risk who have the most potential to benefit from early intervention [72].

The optimal time to screen, duration of screening and best screening test to use (fast-
ing plasma glucose, the 2-hour plasma glucose value during a 75 g oral glucose tolerance
test, HbA_or all of these) for survivors of critical illness are unknown. In critically ill
patients with stress hyperglycaemia, HbA, _is reported to be greater than in patients with
normal glucose tolerance [47, 73] and, in ambulant populations, HbA | _is a strong predic-
tor of the future risk of diabetes [74]. Repeat HbA, measurement after ICU discharge to
monitor for increments may identify those patients progressing to type 2 diabetes [73] and
has the appealing properties of being relatively inexpensive and available at laboratories or
primary health-care facilities external to a large hospital that has an ICU, but this has not
been studied to date. It is important to note that in other cohorts the benefit of interven-
tions for primary prevention of type 2 diabetes [75, 76] has mainly been demonstrated in
patients with impaired glucose tolerance, rather than in individuals with isolated impaired
fasting glucose or for those with prediabetes defined by HbA  _ criteria. Interventions
proven to prevent progression to diabetes in patients diagnosed with prediabetes are how-
ever cost-effective and readily available. These interventions include lifestyle modifica-
tions such as dietary change, exercise programmes and use of metformin particularly in
patients with obesity or prior gestational diabetes [21, 75, 77-80]. None of these interven-
tions have been studied specifically following critical illness.

10.7 Future Directions

There is emerging evidence that stress hyperglycaemia is a risk factor for incident diabetes
in survivors of critical illness. To precisely quantify this risk, a multi-centre prospective
cohort study with an adequate follow-up period of several years is required. In such a
study, it would be important to utilise HbA1c to exclude undiagnosed diabetes at baseline
and to define stress hyperglycaemia relative to nutrient delivery and on the basis of
repeated blood glucose measurements. In addition, studies which evaluate the mecha-
nisms underlying progressive glucose intolerance following critical illness are needed in
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order to guide interventions. Future mechanistic studies could also evaluate autonomic
function, insulin and incretin hormone secretion capacity, persistence of insulin resis-
tance (using iso-glycaemic hyperinsulinaemic clamps or sophisticated modelling post
oral glucose tolerance testing), persistence of gastric dysmotility, interaction with known
risk factors (such as increased body mass index and family history) and physical activity
levels post ICU. Finally, it is important to determine whether targeted screening pro-
grammes in survivors of critical illness can lead to earlier diagnosis of prediabetes or dia-
betes and reduce the associated complications that are important to patients.

Conclusion

Stress hyperglycaemia during critical illness is prevalent and appears to identify patients at
increased risk of developing diabetes following ICU discharge. The mechanisms underlying
post-ICU diabetes remain incompletely understood at present. Further work to determine
whether screening and preventative programmes for survivors of critical illness and stress
hyperglycaemia are of benefit and cost-effective is required.

— Take Home Messages

Stress hyperglycaemia occurs frequently in the ICU.

Patients who develop stress hyperglycaemia may be at increased risk of developing
type 2 diabetes - current evidence suggests that stress hyperglycaemia may at least
double this risk.

Potential mechanisms implicated in the development of post-ICU diabetes include
persistent insulin resistance, autonomic dysfunction, gastric dysmotility, attenuation
of the incretin effect, reduced physical activity and individual patient predisposition.
Post-ICU diabetes can be diagnosed by fasting plasma glucose, an oral glucose
tolerance test or HbA1c measurement, using the same diagnostic criteria as type 2
diabetes.

Patients who experience stress hyperglycaemia during critical illness may benefit
from closer follow-up after ICU, but as yet there are no screening programmes or
interventions that are proven to be of benefit in this group specifically.
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Learning Objectives
Understand that severe inflammatory conditions are associated with an
anti-inflammatory response
To apprehend the ICU patients as immunosuppressed patients
To describe the main immune alterations after severe injury
To consider the potential role of immunological alterations in post-discharge complications

11.1 Introduction

Acute severe injuries such as sepsis, trauma, severe hemorrhage, major surgery or cardiac
arrest account for most of the ICU admission. Thanks to advances in life support tools and
knowledge, to technical progress, a majority of patients now survive the first days of their
injury but are then exposed to the development of ICU-acquired infections that are associated
with significant morbidity and mortality [1, 2]. The increasing burden of nosocomial infec-
tions and the emergence of multidrug resistant bacteria call to urgent progress in preventive
treatment of ICU-acquired infections. Although the prolonged use of invasive medical devices
and the selection of resistant bacteria remain important determinants of ICU-acquired infec-
tions, there is increasing evidence that some acquired immune dysfunctions might contribute
to the increased susceptibility to secondary infections despite recovery from the primary insult.

11.2 The Post-injury Acquired Immune Suppression

11.2.1  ICU-Acquired Infections

Preventive bundles associating hygiene compliance and care processes have been shown
to be able to reduce catheter-related bloodstream infection (CLABSI) or ventilator-
associated pneumonia (VAP). However, if a “0” rate of CLABSI has been demonstrated as
an achievable goal, residual incidence rates of ventilator-associated pneumonia have been
constantly observed [3], suggesting that additional factors other than hygiene compliance
are involved in the susceptibility to VAP. Furthermore, the pattern of VAP-causing patho-
gens such as Pseudomonas spp., Stenotrophomonas spp., Acinetobacter spp. and Enterococcus
spp., which are weakly virulent organisms for immunocompetent patients, suggests
impaired host immunity in critically ill patients.

More strikingly, opportunistic infections are increasingly recognized in the
ICU. Invasive fungal infections are common, mainly invasive candidiasis [4], but also
invasive aspergillosis [5] in the absence of overt immunosuppressive conditions such as
prolonged neutropenia, AIDS and solid organ transplantation [5].

In addition, critically ill patients frequently exhibit reactivations of Herpesviridae cyto-
megalovirus and herpes simplex viruses [6, 7]. Whether such reactivations are only a
marker of immune suppression or also contribute to the immune impairment in critically
ill patients remains unclear.

11.2.2 Sepsis-Induced Immune Alterations

Numerous clinical and experimental data suggest that severe critically ill patients exhibit
an anti-inflammatory pattern that results in a complex immunosuppression.
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Most changes in immune cells induced by acute inflammatory conditions have been
first described in septic patients but mostly apply to patients with non-infectious injuries.
The immune pathophysiology of sepsis is currently summarized as a sequential inflamma-
tory response rapidly followed by a compensatory anti-inflammatory which may results in
complex and sustained immunosuppression affecting both innate and adaptive compo-
nents of immunity. Quantitative and functional defects in antigen-presenting cells and
lymphocytes account for profound alterations in the immune synapse and therefore in the
priming and orientation of the immune response towards superimposed pathogens. It is
noteworthy that immune dysfunctions in patients have been mainly addressed in circulat-
ing immune cells, albeit consistent with those observed in tissue-resident immune cells
obtained from human autopsic studies or experimental animal models [8, 9]. Most
immune dysfunctions have been associated with relevant outcomes such as mortality and
development of ICU-acquired infections.

11.2.2.1 Monocyte Deactivation

Monocytes are abundant circulating precursors of tissue macrophages. Sepsis induces
functional changes resulting in a phenotype called “monocyte deactivation” on the basis
of decreased membrane expression of the antigen presentation complex HLA-DR and its
co-activation molecule such as CD86 and increased expression of inhibitory co-stimulation
molecules such as PDL-1 [10, 11]. As of today, the membrane expression of HLA-DR as
measured by flow cytometry represents the most reliable biomarker of sepsis-induced
immunosuppression. The persistent decrease of HLA-DR has been associated with
increased mortality, and it has been identified as an independent risk factor of ICU-
acquired infections when adjusted with common clinical confounders such as the initial
severity of patients and the use of invasive procedures [12, 13]. These changes in the anti-
gen presentation apparel are associated with impaired pro-inflammatory cytokines secre-
tion in response to an ex vivo LPS challenge (reviewed in [14]).

11.2.2.2 Alterations in Dendritic Cells

Dendritic cells (DCs) constitute a pivotal link between innate and adaptive response and
play a critical role in the integration of the inflammatory response. As “professional”
antigen-presenting cells, they initiate and polarize the adaptive immune response in acti-
vating T cells. Massive apoptosis of DCs in secondary lymphoid organs has been reported
in patients who died from sepsis [10, 15]. DCs account for a very small proportion of cir-
culating leukocytes, improvements in flow cytometry has allowed addressing circulating
DC subsets in patients. Septic shock has been associated with DCs depletion and down-
regulation of HLA-DR membrane expression [16, 17]. Furthermore, persistent depletion
of DCs has been associated with the further development of ICU-acquired infections [17].

11.2.2.3 Lymphocyte Apoptosis

Lymphocyte apoptosis is a hallmark of sepsis. The pioneering autopsic study by Hotchkiss
and colleagues highlighted extensive B- and T-cell apoptosis in spleens from patients
deceased from sepsis [18]. It is commonly reflected by lymphopaenia in critically ill
patients, which is associated with the severity of the disease [19]. However, persistent
lymphopaenia has not been constantly linked to an increased susceptibility to ICU-
acquired infections [20, 21]. It is noteworthy that the proportion of immunosuppressive
T-regulatory subsets is increased in sepsis, as a result of relative preservation from apop-
tosis and expansion under the influence of tolerogenic DCs [22, 23]. The relative increase
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of Tregs contributes to lymphocyte anergy in human [13, 16, 24] and was associated with
a susceptibility to superinfections in the largest multicentric prospective study ever per-
formed in the field [13].

11.2.2.4 Myeloid-derived Suppressor Cells

The identification of an innate cells subset called myeloid-derived suppressor cells
(MDSCs) has provided new insights into the regulation of sepsis-induced immunosup-
pression. MDSCs are immature myeloid cells distributed in two granulocytic and mono-
cytic subsets and carry potent immunosuppressive properties through repression of T-cell
functions or expansion of Tregs [25]. MDSCs undergo expansion under various chronic
and acute inflammatory conditions. In patients with sepsis, two studies reported an
increase of circulating MDSCs that was associated (mostly for granulocytic MDSC) with
an increase in ICU-acquired infections [26, 27].

11.2.2.5 Alterations in the Immunological Synapse

The crosstalk between innate immunity and adaptive immunity occurs through a tight inter-
action between antigen-presenting cells (APC) such as monocytes/macrophages, dendritic
cells and CD4* T-helper lymphocyte. Both cells interact in forming a so-called immune syn-
apse through direct molecule-molecule interactions and cytokine-mediated paracrine
effects. The type and amplitude of the resulting immune response relies on the nature of the
signals delivered by APC to lymphocytes. Sepsis induces profound functional alterations in
the immune synapse through decreased expression of the antigen presentation apparel and
its co-stimulatory molecules (CD86, CD40), whereas co-inhibitory checkpoint signals (PD-
L1, PD-L2, PD1, CTLA-4) are increased, including preferential production of the prototypic
anti-inflammatory cytokine IL-10. Signal alterations within the immune synapse prevent the
development of a potent Th1 or Th17 immune response against pathogens encountered in
criticallyill patients and rather promote an aberrant anergic or immunosuppressive response.

11.2.3 A Broader Concept of Post-injury Immune Dysfunction

Although we focused in this chapter on post-septic immune dysfunction, a body of evi-
dences supports the concept of post-aggressive immunopathy following acute severe
inflammatory disorders. Indeed, the leucocyte transcriptional responses to trauma, burn
or sepsis appear quite similar [28], and there is now evidence that extensive tissue damage
induced by trauma, major surgery, burn or even cerebral haemorrhage may also impact
on the immune system in a similar manner as severe infections [29]. The main immune
dysfunctions during sterile injuries are depicted in @ Table 11.1. In general, immune
alterations appear more pronounced in septic shock than in non-infectious disorders with
similar extent of organ failures [17, 30]. The time from insult to ICU admission, short and
often clearly defined in trauma or burn while most often unclear in sepsis, may account
for differences between severe infections and non-infectious disorders. Of note, immune
dysfunctions induced by non-infectious disorders may also favour the development of
secondary infections promoting persistent immune alterations as described above. Finally,
critically ill patients are exposed to several treatments and procedures including mechan-
ical ventilation, red blood cell transfusions, stress-dose corticosteroids, extracorporeal
circulation or sedatives that exhibit local or systemic immunomodulatory properties.
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Different post-aggressive immune dysfunctions subsets and their association with
mortality and/or ICU-acquired infections

Immune dysfunc- Association Association with Demon- Main
tions with mortality ICU-acquired strated in References?®
after sepsis infections after sterile acute
sepsis injuries
Monocyte deactiva- Association Independent Trauma [12,13, 30,
tion reported in association after Cerebral 60-65]
HLA-DR expression multiple adjustment and hemorrhage
decrease studies competitive risk Cardiac arrest
analyses Major surgery
Burn
Depletion of Association Association in some Cerebral [16,17, 29,
dendritic cells reported in one studies hemorrhage 66, 67]
study Cardiac arrest
Burn
Expansion of Association Time dependent No [20, 21]
myeloid suppressor reported in association
cells some studies reported in some
studies
Lymphopenia Association Conflicting results Trauma [13,19-21,
reported in Major surgery 68]
multiple Cardiac arrest
studies Burns
Increase in Tregs Association Association Trauma [13, 23, 24,
reported in two  reported in one Burn 69-71]
studies study
Overexpression of Association Association Conflicting [10,11,
inhibitory molecules  reported in reported in some results 72-74]

(PD-1, PD-L1,
CTLA-4, BTLA)

some studies

studies

BTLA B- and T-lymphocyte attenuator, CTLA cytotoxic T-lymphocyte-associated antigen 4, HLA
human leucocytes antigen, PD-1 program cell death-1, PD-L1 program cell death ligand 1, Tregs

regulatory T-cells

aReferences are not exhaustive

11.3 Immuno-Inflammatory Sequelae in ICU Survivors

11.3.1 Post-discharge Infectious and Non-infectious

Complications

The improvements in intensive care and organ failure support have dramatically improved
the short-term survival to critical illnesses and resulted in an emerging morbidity related
to new patterns of frailty [31]. The inability to recover from acute life-threatening condi-
tions resulting in dependence to advanced medical care and organ failure and often
requiring prolonged ICU stay defines a new clinical picture of chronic critical illness [32].
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Furthermore, it has now become clear that the burden of acute life-threatening conditions
extends beyond the acute phase of intensive care and hospitalization. This has been largely
emphasized for sepsis survivors who appear particularly vulnerable to long-term sepsis
recurrence, as well as non-infectious complications.

The pioneer report by Quartin and colleagues in 1997 highlighted the higher risk of
death in severe sepsis and septic shock patients following hospital discharge [33]. Since
then, multiple studies confirmed that sepsis survivors with or without associated chronic
comorbidities exhibit a worse long-term prognosis than nonseptic counterparts. Thus, the
10-year mortality was higher in previously healthy patients who survived severe sepsis
and septic shock, as compared to patients who survived nonseptic critical illness and to
the general population in the same age range [34]. Prescott addressed the respective con-
tributions of sepsis and pre-existing comorbid conditions on long-term mortality and
identified that sepsis was associated with a 22% increase in 2-year death that could not be
explained by the underlying health status [35]. Part of the vulnerability of sepsis survivors
might be related to a sustained susceptibility towards subsequent infections, after the
common short-term efficacy endpoints have been reached (28-day, ICU and hospital sur-
vival). Survivors of sepsis displayed a higher incidence of subsequent infectious complica-
tions, early within the first 3 months or later on, up to 1 year as compared to patients who
survived nonseptic critical illness and to the general age-matched population [36-38].
Similarly to critically ill patients in the ICU, post-septic patients appear particularly vul-
nerable to pneumonia and infections caused by opportunistic bacterial pathogens as a
result of defective immunity [38].

Besides an increased susceptibility to infections, some studies also reported that severe
infections may favour the development of non-infectious complications such as cancer
and cardiovascular diseases. Thus, critically ill patients are prone to cardiovascular compli-
cations in the early phase of management, related to impaired regional circulations, acute
inflammatory conditions, anaemia, increased cardiac workload and microcirculatory
alterations. Furthermore, sepsis seems to induce a long-term susceptibility to cardiovascu-
lar complications, far beyond the early phase of management and hospital discharge [39,
40]. In the same way, some reports suggested that a history of bacterial infection and/or
the recurrent use of antibiotics were associated with an increased risk of development of
new-onset hematological and solid malignancies [41-44]. In cancer patients undergoing
major elective surgery, postoperative sepsis was associated with increased 4-year mortality
suggesting an impact of sepsis episodes on the subsequent oncological prognosis [45].

11.3.2 Baseline and Acquired Determinants of Post-discharge
Complications

Several mechanisms driving the long-term susceptibility to sepsis recurrence have been
proposed (B Fig. 11.1). The major reason obviously lies in the impaired baseline health
status of most septic patients, in relation with ageing, functional disability and chronic
immune and non-immune comorbid conditions. It appears not only as a major determi-
nant of susceptibility to and severity of sepsis but also constitutes a major hurdle to further
recovery from acute critical illness. Indeed, sepsis survivors exhibit a high incidence of
sequelae as well as physical and cognitive impairment resulting in prolonged immobiliza-
tion, denutrition and sustained requirements for advanced supportive care such as vascu-
lar or urinary catheters, artificial nutrition and care of chronic wounds.



169
Short- and Long-Term ICU-Acquired Immunosuppression

ICU-
acquired
immunomodulatory
sequelae

ICU-acquired health
disorders

@ Fig. 11.1  Contributions of baseline and ICU-acquired health disorders in the susceptibility to
long-term complications in ICU survivors. The baseline health status, including ageing, excessive alcohol
intake, smoking, disability, denutrition, diabetes, cancer, immunosuppression, chronic organ dysfunc-
tions and presence of long-term implanted devices, accounts for an absolute risk of infectious and
non-infectious complications. ICU-acquired health disorders, including prolonged immobilization,
swallowing difficulty, denutrition, maintenance of intravascular and urinary catheters, chronic wounds
and new-onset or worsened chronic organ dysfunctions, add to the risk of delayed complications. The
roles of ICU-acquired immunomodulatory sequelae, including sustained immune cell dysfunctions,
accelerated atherosclerosis as well as microbiome disruption, remain questionable

Clinical data and animal models have provided a bunch of evidence linking sepsis-
induced immune dysfunctions with an increased susceptibility to short-term secondary
infections. However, whether early or sustained immune and inflammatory alterations
may drive the post-discharge development of both infectious and non-infectious compli-
cations in sepsis survivors is still largely unexplored. A substudy using the MARS cohort
of severe sepsis and septic shock reported an association between elevated IL-6 levels
measured at the time of ICU discharge and 1-year mortality. This association remained
significant after adjustment with the site of infection and with variables representative of
patients’ underlying health status (age, Charlson comorbidity index, immunodeficiency)
[46]. Another study reported serial measurements of 15 plasma biomarkers in 55 abdom-
inal sepsis survivors. At the time of ICU discharge, higher levels of the cell damage marker
HMGBI and lower levels of the pro-resolving lipid mediator resolvin D5 (RvD5) were
both associated with increased 1-year mortality, though not adjusted with underlying
health status. Measurements at 1 year were suggestive of incomplete restoration of hemo-
stasis, of still undetermined significance [47].

Very few studies have investigated whether the hallmark immune dysfunctions
induced by sepsis may be sustained beyond ICU and hospital discharge. Zorio and col-
leagues assessed the persistence of monocyte deactivation and lymphopaenia in septic
shock survivors at the time of ICU discharge and at 6 months [48]. Whereas decreased
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HLA-DR expression or lymphopaenia was still present at the time of ICU discharge, more
delayed assessment showed that lymphocyte counts and distribution as well as HLA-DR
expression onto monocytes surface were restored at 6 months. Shalova and colleagues
addressed the transcriptomic profile of monocytes obtained from septic patients at the
time of ICU admission as well as 1-3 month after resolution. The transcriptomic profile of
LPS-stimulated recovery monocytes was very similar to the baseline profile of monocytes
obtained from healthy controls, suggesting that the sepsis-induced functional alterations
in monocytes are rapidly resolving in the absence of superimposed insults [49]. These
results suggest that the main immune alterations classically associated with the develop-
ment of ICU-acquired infections are not sustained over time and as such are unlikely to
explain the eventual increased susceptibility to infections. However, it is noteworthy that
these studies have been performed in selected patients free of prior immune comorbidities
and therefore with preserved potential of immune recovery. Whether ICU-acquired
immune dysfunctions may worsen the immune status of previously immunocompro-
mised patients and thereby add to risk of short-term or long-term susceptibility to infec-
tions has been specifically addressed yet.

Some alternative mechanisms of susceptibility to sepsis recurrence are emerging from
the microbiome revolution in the pathophysiology of diseases. Microbiome disruption is
already known to promote infections caused by Clostridium difficile but may also favor
infections by alternative pathogens arising from the digestive tract. Prescott and col-
leagues reported that the risk of subsequent sepsis was 30% higher in patients with prior
infection-related hospitalizations than in patients discharged from non-infection-related
hospitalizations. The risk was 70% higher for patients previously treated for Clostridium
difficile infections as a consequence of major microbiome disruption [50]. In the same
way, a large observational study of more than 14 million hospital stays reported a 65%
increase in the risk of subsequent sepsis within 90 days post-discharge in patients previ-
ously exposed to high-risk antibiotics or increased quantities of antibiotics, both likely to
have some dramatic impact on dysbiosis [51].

As mentioned above, sepsis survivors also display increased susceptibility towards
non-infectious complications. It is likely that the underlying baseline health status and
lifestyle may largely account for the particular vulnerability of sepsis survivors towards
cardiovascular diseases or cancer. In addition, multiple factors, including increased car-
diac workload, chronic anemia, procoagulant hemostatic balance and interruption of
maintenance treatment such as antiplatelet agents, may favor new-onset or recurrent car-
diovascular events in the setting of sepsis during the acute and recovery phases. In patients
with severe community-acquired pneumonia, the persistence of high IL-6 and IL-10 levels
at the time of hospital discharge was associated with an increased risk of death at 1 year
caused by cardiovascular diseases and cancer [52]. Using an experimental model of poly-
microbial sepsis, post-septic mice demonstrated accelerated atherosclerosis progression
[53]. Besides impaired immunity to infections, it has been postulated that bacterial sepsis
may also alter anticancer immunosurveillance. Accordingly, experimental models
reported that post-septic animals exhibited accelerated malignant tumor growth, in rela-
tion with the systemic and intra-tumoral expansion of immunosuppressive cells such as
regulatory T-cells or myeloid-derived suppressor cells, or the accumulation of tumor-
promoting macrophages [54-56]. Recent data also suggest that microbiome disruption
induced by antimicrobials may impact on epithelial carcinogenesis and antitumoral
immunosurveillance [57, 58].
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11.4 Perspectives

Severe acute inflammatory conditions, in particular severe infections, are associated with
a complex immune dysfunction associated with increased risk of ICU-acquired infec-
tions. Decades of interventional trials aimed to modulate the early pro-inflammatory
response in sepsis failed to improve outcome. The burden of ICU-acquired infections and
the advances in the comprehension of sepsis-induced immune dysfunctions provided a
strong rationale for attempting to reverse immune dysfunctions in septic patients. Some
therapeutic approaches to reverse monocyte deactivation (IFN-y, GM-CSF), to sustain
the proliferation and survival of lymphocytes (IL-7) and to restore activating signals in the
immune synapse (PD1/PD-L1 antibodies) are currently under clinical evaluation [59].

The emerging concept of “post-ICU syndrome” sheds a light on major health issues in
ICU survivors, long after hospital discharge and apparent recovery from the acute insult.
Whether long-term complications are related to individual predisposition, underlying
comorbidities or to the acute condition should now be investigated, as well as the associ-
ated risk stratification. This is the first step to propose individualized long-term follow-up
and eventually specific preventive interventions in order to prevent and/or early detect
delayed complications in ICU survivors.

— Take Home Messages

Sepsis and other acute inflammatory disorders induce quantitative and functional
immune dysfunctions.

ICU-acquired immunosuppression is associated with increased susceptibility to
nosocomial infections.

Sepsis survivors are prone to long-term infectious and non-infectious
complications.
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Learning Objectives
After reading the chapter, individuals will be able to:
Describe clinical features of PTSD in survivors of critical iliness.
Articulate key risk factors that underlie PTSD.
Explain the concept of post-traumatic growth.
Recognize common expressions of PTSD following critical illness.

12.1 Introduction

For millennia, sages of various kinds have recognized that a phenomenon exists in which
individuals experience emotional distress following exposure to trauma [1]. Our under-
standing of what is now known as post-traumatic stress disorder (PTSD) has long
revolved around survivors of war, and, indeed, references to the impact of combat on
aspects of human functioning are replete in ancient and more contemporary literature,
predating the development of the modern Diagnostic and Statistical Manual (DSM) [1].
In previous times, terms like “shell shock” and “battle fatigue” anchored the nascent
concept of PTSD squarely in the warfare-related domain and popular understandings of
PTSD continue to focus — not incorrectly, but incompletely — on certain populations to
the exclusion of others. We now understand that critical illness and many other medical
concerns are traumatic in their own right. In North America alone, nearly six million
people experience critical illness annually [2]. These individuals, not surprisingly, often
develop PTSD [3]. By way of review, PTSD is a syndrome that involves the existence of
symptoms across a range of dimensions including intrusion, avoidance, negative changes
in cognition or mood, and arousal/avoidance. These symptoms must be present for at
least 1 month and they must contribute to some degree of meaningful clinical impairment
(» Box 12.1).

Box 12.1: PTSD Diagnostic Criteria - DSM V PTSD Diagnostic Criteria - DSM V
Criterion A: Exposure to a traumatic stressor

Criterion B: Presence of intrusive symptoms such as unwanted memories, flashbacks, and
distress after exposure to reminders of trauma

Criterion C: Presence of avoidant symptoms such as avoidance of trauma-related thoughts and
feelings or external reminders

Criterion D: Presence of negative alterations in cognition and mood such as marked feelings of
isolation or the sense that one’s environment is overwhelmingly dangerous

Criterion E: Presence of symptoms of arousal or reactivity such as irritability, hypervigilance, or
sleeping problems

To qualify for a diagnosis of PTSD, individuals must meet Criterion A; have at least one
symptom in B, C, and E; and have at least two symptoms in D.

Symptoms must be present for at least a month, must impact functioning in a negative way,
and must not be better explained by other factors such as medication or substance abuse.
American Psychiatric Association. (2013). Diagnostic and statistical manual of mental disorders
(5th ed.). Washington, DC
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12.2 Risk Factors for PTSD in ICU Survivors

While critical illness is consistently traumatizing, a consistent question related to PTSD
pertains to why it is that two individuals with the same exposure often have wildly differ-
ent experiences. For example, what explains the fact that one individual with a brief epi-
sode of sepsis with a short hospital stay and no mechanical ventilation is profoundly
traumatized, while an individual with a 3-month-long critical illness marked by multiple
surgeries has virtually no symptoms of PTSD at all? Answers to the aforementioned sce-
narios are somewhat elusive, but in general, they are explained by the presence or absence
of risk factors that cause individuals to be vulnerable [4]. Some risk factors are external or
environmental and related to ICU experience, while, alternatively, some of these risk fac-
tors are related to intrinsic characteristics. Events involving sedation [5] in the ICU are
often associated with delirium and later onset of PTSD symptoms [6, 7], although the
evidence in this regard is clearly not unequivocal. Moreover, memories of frightening psy-
chotic experiences during ICU hospitalization have been associated with later PTSD
symptoms [8]. While most researchers believe delusional memories are particularly likely
to form the basis for PTSD in ICU survivors, not all investigations have supported this
finding [9]. Younger age and pre-existing mental health diagnoses also confer increased
risk of PTSD [10].

12.3 Epidemiology of PTSD in ICU Survivors

It has been estimated that somewhere between 10% and 50% of ICU survivors experience
clinically significant symptoms of PTSD during the first year after ICU discharge [3]. If
outliers are excluded, most studies estimate that PTSD occurs in between 20% and 30%
of ICU survivors. This range is comparable to what is typically reported in American
soldiers who experienced combat in Iraq or Afghanistan (23% according to a recent
meta-analysis) [11]. Of note is the fact that PTSD is also very common in ICU patients’
family members [12]. Symptoms experienced by family members and caregivers likely
are related to communication and decision-making processes with the healthcare team
and, more generally, to the profound trauma of watching their loved ones battle possible
impending death over days, weeks, and sometimes months. Family members experienc-
ing PTSD tend to possess a variety of risk factors, notably the existence of pre-existing
mental health problems [13].

As a brief aside, although PTSD is often thought of in “all-or-nothing” terms, the
truth, as most clinicians will attest, is far different than that, as symptoms of PTSD exist
across a spectrum [14]. To be sure, the DSM-V provides a strict definition of PTSD
which must be met for individuals to have a formal “PTSD” diagnosis. However, many
individuals have isolated PTSD symptoms - very severe symptoms of avoidance, for
example, in the absence of other symptoms — which can be profoundly debilitating even
if they do not, strictly speaking, reflect PTSD. Avoidance, alone, may restrict an indi-
vidual’s ability to engage in future healthcare to reduce future adverse events such as
rehospitalizations or limit medical adherence. It is unclear how many ICU survivors
have isolated but problematic post-traumatic stress symptoms, but this number is likely
quite large.
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12.4 Biological Mechanisms of PTSD

A detailed treatment of issues related to biology is well beyond the scope of this chapter,
but it is important to engage these issues, as biology is so central to PTSD. Briefly, stressful
life situations contribute to an immediate “fight-or-flight” response which is anchored in
concerns about survival. As a result, the hypothalamic-pituitary-adrenal (HPA) axis and
the sympathetic nervous system (SNS) are activated, leading to the release of catechol-
amines into the bloodstream. Even as this happens, the hypothalamus releases neuropep-
tides that, in turn, discharge cortisol, so that an individual’s response to trauma is reduced,
as homeostasis is restored. In some instances, however, dysregulation of the systems — col-
lectively referred to as the “fear circuitry” - persists and symptoms of PTSD emerge, along
with neurobiological abnormalities [15].

Key brain regions implicated in PTSD include the amygdala, the medial prefrontal cor-
tex, and the hippocampus [16]. The amygdala appears to respond in an aggravated fashion
in PTSD, leading to exaggerated reactions to fear and explaining the durability of traumatic
memories. This dynamic is made possible by the fact that the medial prefrontal cortex - in
contrast — is hyporesponsive, thus failing to inhibit the amygdala. With the combination of
an overactive amygdala and a hyporesponsive prefrontal cortex, individuals likely experi-
ence limitations in their ability to regulate emotions while displaying deficits in attention
and contextual processing. Reductions in hippocampal volume drive the creation of a
range of cognitive deficits including problems separating past and present experiences.

12.5 Acute Stress in Critical lllness Survivors

Acute stress symptoms experienced during the course of ICU hospitalization are a risk
factor for later development of PTSD [17]. Acute stress symptoms are PTSD symptoms
that occur within the first month following exposure to a traumatic stressor, which may
include exposure to the ICU environment, delirium, or the physical trauma prompting
hospital admission [17]. Among survivors of critical illness, acute stress symptoms during
ICU hospitalization following discharge are common among pediatric patients and their
parents [18, 19], adult survivors of critical illnesses [20], relative caregivers of adult
patients [12], and intensive care providers [21].

12.6 Unique Constellation of PTSD Symptoms in Critical lliness

While risk factors for the development of PTSD in ICU survivors are not particularly
well studied, even less is known regarding the unique constellation of symptoms experi-
enced by ICU survivors in comparison with the existing literature on risk factors for the
development of PTSD in ICU survivors. Briefly, not all individuals with PTSD “look
alike” - that is, even among individuals with a PTSD diagnosis, there are wide variations
in clinical presentation. Even as we recognize this, it should be acknowledged that there
are typical characteristics and behaviors that individuals report depending on the trauma
they have experienced. For example, combat veterans with PTSD are frequently
extremely “jumpy” and reactive to sounds. This translates into difficulties in certain
activities that families often enjoy - e.g., problems attending fireworks shows on the 4th
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of July, problems attending loud sporting events, as well as problems working in envi-
ronments such as loud and noisy factories. Patients with PTSD due to a near drowning -
to name just one trauma - likely don’t have the same triggers and their reactivity may be
expressed in different ways, in response to different things. In the same way, traumatized
survivors of intensive care may have certain notable clinical features such as re-experi-
encing symptoms focused on preoccupation with future-oriented enduring threats of
recurrence of the medical condition at hand rather than on a discrete event in the past
whose danger has passed. Among individuals with PTSD following critical illness,
avoidance symptoms - in our clinical experience — appear to be the most disruptive.
Avoidant patients may display a reluctance to seek help, a denial of difficulties, and
apprehension that disclosing problems to healthcare providers could lead to another
ICU admission. For an example of typical PTSD symptoms among ICU survivors based
on our anecdotal clinical experience, refer to » Box 12.2.

Box 12.2: A Clinical Vignette of an ICU Survivor with PTSD

Colin spent 6 weeks in intensive care with sepsis, delirium, and multiple organ failure. During
this time, he experienced vivid hallucinations and delusions as well as anxiety about his
possible impending death. After discharge, he developed a strong preoccupation with his
health and, in particular, became terrified of the prospect of having to be rehospitalized. This
led to concerns about “germs” and resulted in decreased social interaction, particularly in the
winter. He also refused to have a recommended ankle surgery - though it was quite minor and
crucial for his continued physically demanding employment - due to worries about going
“under anesthesia." He grappled with serious insomnia from regular nightmares of the many
images he remembered in the midst of his delirium episodes - specifically, he reported being
“haunted” by memories of a respiratory therapist trying to “cut off” his “wind pipe.” A deacon at
his small country church, he stopped “calling” on sick parishioners — though he has previously
loved doing this - as he could not bear to visit the hospital where he received treatment.

12.7 Impact of Critical lliness PTSD on Healthcare Engagement

One key potential consequence of PTSD that develops against the backdrop of illness and
hospitalization pertains to the way that healthcare is engaged in the future. Numerous
studies have focused explicitly on the impact of medically related PTSD on healthcare
engagement. In one of the first investigations to date, Newman and colleagues [22] found
that cardiac patients with PTSD took 2.5 times longer to seek emergency assistance than
without a diagnosis of PTSD (25.7 hours versus 10.7 hours, p = 0.005) and that the cogni-
tive and emotional representations of symptoms were primary contributors. In another
study, stroke survivors with PTSD symptoms were almost 300% more likely to be non-
adherent to their prescribed medications as those without PTSD symptoms years after the
index stroke event [23]. These studies highlight the impact of forward focused threats
which serve as potent reminders of chronic disease, illness, or injury [24], thus preventing
delivery and maintenance of care for patients who have developed PTSD after critical ill-
ness. Ironically, avoidance of care — whether simple care like a “well visit” or serious care
involving surgery or inpatient treatment — may create a maladaptive cycle in which symp-
toms worsen because care is avoided, a dynamic which may lead to the development of
even more severe anxiety, more serious illness, and, in some cases, death.
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12.8 PTSD Assessment in the ICU and Beyond

Assessment of PTSD in the ICU is difficult, as critically ill patients typically experience
problems with verbal communication as well as limited attention spans in a chaotic and
distracting environment in which assessments occur. Therefore, assessment measures
must be brief, easily administered, and easily understood. While PTSD is assessed in the
ICU in rare cases, more typically it is evaluated at various follow-up intervals. One issue
referenced in literature is that assessment of PTSD after critical illness tends to be nonstan-
dardized, limiting our ability to definitively identify appropriate measures to use [25] and
limiting our ability to make so-called “apples to apples” comparisons when comparing
studies. This trend has been improving, however, with more studies using identical mea-
sures, allowing for more accurate comparisons across investigations [3]. In particular, the
Impact of Events Scale-Revised (IES-R) and the Post-traumatic Stress Checklist (PCL)
have also been widely employed [26, 27]. Both of these are brief screening measures; and,
though robust assessment tools, they rely on patient self-report as opposed to clinician’s
insights and interpretation (which are often elicited in much longer and more comprehen-
sive diagnostic interviews like the Clinician Administered PTSD Scale, a much more sensi-
tive clinical tool but one that can take between 90 and 120 minutes to administer) [28].
Some screening tools may result in high false-positive rates, reducing their clinical utility
[25]; therefore, it is important to assess the psychometric properties and feasibility of their
use with patients who are critically ill.

12.9 PTSD Interventions in the ICU

Despite the high prevalence of critical illness related PTSD, there have been very few stud-
ies on non-pharmacologic interventions [29] that could prevent PTSD, and there is no
standard protocol for acute stress intervention in the setting of critical illness and ICU
care. Among the few studies conducted to date, Peris and colleagues evaluated psycho-
logical outcomes of two cohorts of trauma ICU patients, treated either prior to or follow-
ing the use of an in-ICU intervention by a clinical psychologist [30]. Those receiving the
intervention reported a substantially lower prevalence of PTSD symptoms (21% vs. 57%
at 12-month follow-up). The intervention addressed the psychological needs not only of
patients but also their caregivers (typically relatives). In particular, the intervention
emphasized stress management which involved cognitive and emotional restructuring,
well-known approaches from the world of clinical psychology in which individuals learn
to identify and challenge stressful thoughts. On average, patients received five or six inter-
ventions during their critical illness, all delivered by a clinical psychologist. The structure
of the intervention highlights a transition from an independent model of care to an inter-
professional plan of care that is collaborative and patient-centered.

Included in the recommended psychological treatments are cognitive-behavioral
based therapies (CBT), eye movement desensitization and reprocessing (EMDR), and
exposure treatments of various kinds [31]. Of these therapies, exposure therapy or combi-
nations of exposure with cognitive therapy or stress inoculation training have the most
robust evidence and are recommended as a first-line treatment for PTSD [32]. These
approaches have not yet been tested in the ICU or specifically with survivors of critical
illness. However, there are some recent studies to suggest that these strategies, and that
exposure techniques, including brief prolonged exposure and virtual reality, may be
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beneficial for treatment of early signs of PTSD and, therefore, prevention of long-term
adverse outcomes [33]. Because the most salient symptom in critical illness survivors
appears to be avoidance, cognitive behavioral techniques which include exposure therapy
could be beneficial. Additional studies of in-ICU psychological interventions that study
variables thought to facilitate or hinder recovery from critical illness, utilizing a patient-
centered and collaborative team approach, are crucial and should be pursued.

12.10 PTSD Prevention

While there is limited research on treatment of PTSD in ICU survivors, one intervention that
has been studied for prevention of ICU-related PTSD is the use of ICU diaries. ICU diaries
are a written daily account of procedures and the patient’s progress [34]. They are written by
hospital staft and family members in everyday language and are presented to the patient in
order to assist with developing an accurate narrative of intensive care hospitalization [35]
and to increase understanding. Several studies have shown positive effects of ICU diaries for
PTSD prevention, and improved quality of life, in survivors of critical illness and their family
members, though debate about their effectiveness is ongoing as other investigations have
been less supportive [34-36]. Other PTSD-related interventions evaluated for use in the ICU
have been less direct, and few studies to our knowledge have targeted PTSD in ICU survivors
after discharge (although at least one investigation is ongoing targeting acute stress) [37].

12.11  Long-Term Outcomes Associated with PTSD

In some cases, investigations of PTSD in ICU survivors have been done over an extended
period of time, but, more typically, these investigations have been done with patients in the
first year after their critical illness. Information that is available suggests that PTSD often
persists for many years after hospitalization [25] and is associated with a variety of difficul-
ties including cognitive impairment [38] and reduced health-related quality of life,
although the directionality and nature of these associations remain unclear. It could be, as
we've noted elsewhere, that PTSD can fundamentally change the brain in such a way that
induces cognitive impairment or, alternatively, that individuals with cognitive impairment
have particular susceptibility to experiencing and understanding trauma in a way that
leads to PTSD. Patients with delusional memories that occur during or are associated with
ICU hospitalization are at high risk of developing PTSD (a clinically relevant finding that
has helped contribute to evolving approaches to in-hospital care that emphasize decreas-
ing sedation and enhancing awareness as well as reducing the duration and severity of
delirium) [39]. Patients with a history of panic attacks, agoraphobia, general anxiety symp-
toms, or depressive symptoms have been shown to be at higher risk of experiencing para-
noid delusions and hallucinations in the ICU than patients without such a history [39].

12.12 Post-traumatic Growth in Survivors of Critical lllness

In the mid-1990s, psychologists Richard Tedeschi, PhD, and Lawrence Calhoun, PhD,
developed a construct now known as post-traumatic growth (PTG), which refers to a
widely observed phenomenon in which individuals experience a meaningful degree of
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personal growth and development following exposure to a traumatic situation [40].
This is not to imply that trauma is at all a good thing, but rather, that for some people,
it is a facilitator of transformation and growth. In particular, this growth is thought to
occur in areas including appreciation of life, relationships with others, new possibili-
ties in life, personal strength, and spiritual change. Although similar, PTG should not
be confused with resilience, which refers more to a set of intrinsic personality traits
that tend to exist in individuals who are remarkably sturdy and often unphased even by
exposure to events which would derail the lives of most people. In our clinical experi-
ence, many ICU survivors report (often long after discharge) that, upon reflection,
undergoing and surviving critical illness is transformative for them in key respects.
That is, they value their relationships more deeply, take less for granted, experience a
quality of gratitude that did not exist to the same degree before, place less importance
on material things, etc. This dynamic at its core represents a fundamental shifting of
belief systems about self, others, and the world and represents the essence of PTG, and
people who achieve this likely have better outcomes. A crucial goal, then, relates to
how to facilitate or teach PTG in individuals and their family members after critical
illness.

12.13 The Unique Stresses of Critical lliness: The Role of Mental
Health Professionals?

Critical illnesses and ICU hospitalization can be particularly stressful to patients, care-
givers, and hospital staff and against this backdrop; the potential role of psychology,
psychiatry, social work, and mental health, more generally, should be considered.
Mental health professionals are trained to provide ecologically valid assessments and
supportive services in a team-based environment, with a focus on assisting individuals
with newly acquired disabilities and health-related limitations to adjust to new limita-
tions and form new identities. In many cases, they possess a diversity of clinical skills
that allow them to engage the complexities of ICU patients and survivors — skills in
neuropsychological assessment, treatment planning, and in helping individuals develop
compensatory strategies for dealing with newly acquired cognitive and emotional
changes. To date, there have been limited studies to evaluate the role of the mental
health professionals in intensive care settings — as consultants or members of the treat-
ment team. Additional studies are needed to determine the ideal role of mental health
experts and to develop “best practice” guidelines for assessment, prevention, and treat-
ment of PTSD in the critical care environment. Yet another point of integration for
psychologists, psychiatrists, and others involves ICU recovery centers, specialty multi-
disciplinary clinics dedicated to the assessment and treatment of individuals with post-
intensive care syndrome (PICS) following critical illness [41]. Such clinics, which have
emerged in North America in the last 5 years or so (though they have been present in
the United Kingdom for some time), vary widely in their approaches to patient care. In
general, however, they target individuals with critical care-related sequelae including
PTSD. One potential benefit of treating individuals in the post-discharge space is that
their symptoms may have concretized to a degree - that is, medical providers know
what they are dealing with because symptoms are no longer transient to the extent that
they likely were at or around the time of hospital discharge. As such, mental health
conditions can be targeted more confidently.
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12.14 PTSD in ICU Survivors: A Modest Research Agenda

Approximately a quarter century of research has been done on PTSD in ICU survivors,

and this has resulted in the generation of important insights that have benefited individual

patients and their families while improving public health more generally. While much has
been done, key issues remain, and while these would require an entire chapter of their own
to even begin to engage, we will list a few of them here:

1. Developing ways to identify patients at highest risk for PTSD and identifying systems
that help target them for treatment.

2. Determining what strategies can be developed and utilized to help prevent acute
stress disorder and PTSD in ICU patients.

3. Creating approaches to build and foster resilience in ICU survivors with PTSD -
these individuals frequently return to the ICU, and the development of resilience may
help them withstand the adverse mental health effects of critical illness.

4. Focusing on helping traumatized individuals and their frequently traumatized family
members experience post-traumatic growth.

5. Understanding more fully the biological mechanisms that undergird the develop-
ment of PTSD after critical illness.

Conclusions

PTSD is common in survivors of critical illness and, according to some studies, occurs at
rates comparable to those seen in groups such as combat veterans, though estimates about
the prevalence vary widely. While research has focused on characterizing the prevalence of
this syndrome as well as identifying risk factors, it remains unclear whether there are clinical
distinctives that may be uniquely characteristic in patients after ICU care. One key goal of
future research efforts is to engage this question - that is, whether there are specific symp-
toms of PTSD secondary to critical illness that can be clinical targets. Theoretical sugges-
tions and limited evidence have suggested the potential prominence of avoidant symptoms,
coupled with delusional memories and a fixation on future rather than past trauma. While
the nature of PTSD symptoms after critical illness needs to be studied further, it is not too
soon to begin thinking critically about the ways that clinical interventions could target
specific symptoms, such as intense fear of recurring iliness and an irrational fear of hospital-
izations or surgery. The potentially unique clinical profile of PTSD after critical iliness
requires unique assessment and treatment practices for which empirical support at present
is sparse, and both current and future patients will be well served by research that focuses
on developing innovative approaches to evaluation and tailored approaches to treatment.

— Take-Home Messages

== PTSD is common in survivors of critical illness and represents a major public
health problem.

== PTSD in survivors of critical illness may have a unique clinical expression and is
reflected in avoidance of engagement in healthcare-related activities.

== A portion of survivors of critical illness — regardless of PTSD status — experience
post-traumatic growth and experience positive changes that they attribute to
the effects of their trauma.

== Models of care that integrate mental health professionals into the management of
ICU survivors with PTSD appear to be promising and deserve greater integration.
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Learning Objectives
Describe mood disorders after critical illness.
Provide an overview of the epidemiology of mood disorders in ICU survivors.
Describe the assessment of pre-ICU mood disorders.
Discuss factors associated with mood disorders after critical illness.
Review the pathophysiology of mood disorders after ICU.
Discuss the interventions for ICU survivors with mood disorders after
discharge from ICU.
Provide an overview of the epidemiology of dementia and long-term cognitive
dysfunction in ICU survivors.
Identify factors associated with dementia disorders after critical illness.

13.1 Mood Disorders and Dementia After Critical lllness

Due to improved care and reduction of mortality of ICU patients combined with an aging
population, more patients than ever before are being admitted to and surviving a stay in
ICU [1]. Historically, critical care physicians noted mental disorders along with physical
and cognitive dysfunctions that complicated the recovery process after ICU [2, 3]. These
descriptions included well-defined mental illness diagnoses as well as less specific psycho-
logical symptoms including insomnia, impaired memory, hallucinations, flashbacks,
recurrent nightmares, and feelings of guilt. These descriptions have also included cogni-
tive impairment severe enough to be defined as dementia. The idea of a common constel-
lation of problems encountered by intensive care survivors was defined as the
“post-intensive care syndrome” (PICS) [4]. PICS includes three domains: mental illness,
cognitive impairments, and physical impairments.

13.2 The Epidemiology of Mood Disorders in ICU Survivors

Mental illness after ICU primarily consists of mood disorders, generalized anxiety disor-
ders, and post-traumatic stress disorder (PTSD) [5]. Although all have been assessed,
recent research suggests that mood disorders may impact more patients than PTSD [6].
The approach to assessing patients for mood disorders has a large impact on the reported
incidence or prevalence. The majority of cohort studies use structured interviews or ques-
tionnaires to assess mood disorder symptoms rather than identifying specific diagnoses.
Alternatives include psychiatric diagnoses from healthcare data and prescriptions for psy-
chiatric medications.

In a 2009 systematic review of depression after a critical illness by Davydow et al. that
included 14 studies (n = 1213 ICU survivors), the median point prevalence of clinically
significant depressive symptoms among survivors was 28% (range 8-57%) 2 months after
hospital discharge [7]. The primary questionnaire used in the majority of included studies
(8/14) was the Hospital Anxiety and Depression Scale (HADS) [7]. Among the studies
included in the review, the occurrence of depressive symptoms ranged from 7.5% in a
Swedish study of 226 ICU survivors (using the HADS) up to 60% in 2 studies using the
Center for Epidemiologic Studies Depression Scale (CES-D) [8-10].
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In the more recent BRAIN-ICU cohort, a large prospective multicenter cohort study of
821 patients (with only 47% follow-up), 33% of those who were followed up met criteria for
depression at 12 months. However, it was notable that this study used the Beck Depression
Scale rather than the HADS [6]. The authors comment that many of the scores above the
cutoff for depression were driven by the physical symptoms assessed as part of the depres-
sion screening and raise the possibility that this may be more indicative of physical disability
[6]. The use of the HADS, rather than other depression scales, for detection of depressive
symptoms among ICU survivors may be important, as it was specifically designed to exclude
somatic symptoms so that it could be used in patients with physical illnesses [11, 12].

Using psychiatric diagnoses by psychiatrists, a Danish study of ICU survivors who had
no prior history of psychiatric illness and received mechanical ventilation (n = 24,717)
reported that only 0.5% of ICU survivors had a new psychiatric diagnosis in the year after
hospital discharge [13]. However, use of psychiatric medications, such as antidepressants,
was substantially higher (12.7%) suggesting that many patients may be diagnosed and
cared for by nonpsychiatrists (e.g., general practitioners) [13]. In the same study, a com-
parison was made to hospitalized individuals who did not require intensive care, and the
general population. Rates of diagnoses for ICU survivors were higher than for matched
hospitalized patients and general population at 3 and 6 months; by 1 year, rates were
higher than in the general population, but no different from hospital controls, suggesting
that some of the “post-intensive care syndrome” may, in fact, overlap with a more general
“posthospital syndrome” [14].

13.3 Accurate Assessment of Pre-ICU Mood Disorders

One challenge of interpreting rates of mood disorders is understanding how often they are
new diagnoses versus a chronic condition. Patients who are admitted to the ICU are dif-
ferent from the general population and therefore may have a higher prevalence of mood
disorders even before a critical illness [15]. Many studies are limited in their ability to
account for pre-existing mood disorders among ICU survivors [16], and some or most of
the burden of mental illness after ICU may not be related to the critical illness. The Danish
administrative study mentioned above excluded patients with previous mood disorders
and only accounted for new incidence of mental illness in ICU survivors [13]. Additionally,
in a study of Americans over the age of 50 who had severe sepsis (1 = 439), the prevalence
of mood disorders before and after the episode of severe sepsis remained high (at 28%)
[15]. However, it is important to note that all patients, irrespective of the timing of onset
or cause, are still in need of adequate mental health follow-up.

13.4 Factors Associated with Mood Disorders
After Critical lliness

Multiple studies of ICU patients have examined factors associated with a higher risk of
having a mood disorder after hospital discharge. Risk factors assessed can be divided
into patient characteristics and ICU-associated factors. Patient characteristics are gener-
ally fixed and therefore difficult or impossible to modify in the ICU environment, but are
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useful for identifying high-risk subgroups. Three distinct populations of ICU patients
have been examined in these studies. The first is the heterogenous population of all ICU
patients, the second is patients with lung pathology such as acute lung injury (ALI) or
acute respiratory distress syndrome (ARDS), and the third is patients with infection and/
or sepsis [15, 17, 18].

Most studies that have assessed patient characteristics have examined the heteroge-
nous population of all ICU survivors [10, 19]. Patient characteristics, such as a previous
diagnosis of a mental illness, female sex, alcohol dependence lower socioeconomic status,
and younger age, have all been associated with depression after hospital discharge across
a range of cohort studies [7, 10, 18-20]. ICU-associated factors identified include the
receipt of benzodiazepines during the hospitalization [18], episodes of hypoglycemia [21],
and sleep disruption [22]. High levels of stress or scores on depression screening question-
naires at discharge or shortly after discharge (5 days) have also been associated with
depressive symptoms at 2 months after discharge [10]. Of note, in a cohort study of 567
ICU survivors, delirium was not found to be associated with depression [23].

Two studies have specifically looked at factors associated with the development of
mood disorders in patients with lung pathology. The first study had a 1-year follow-up of
66 mechanically ventilated patients with ARDS [17] and identified alcohol dependence,
female sex, and younger age as factors associated with depression at 1 year (using the Beck
Depression Inventory) [17]. Another study focusing on 104 ALI survivors found that a
recorded mean ICU glucose of less than 100 mg/dL was associated with a positive depres-
sion screen (HADS) at 3 months after discharge. The study also found that hypoglycemic
readings (glucose <60 mg/dL) were associated with higher depression scores [21]. Finally,
the study identified ICU dose(s) greater than 100 mg of midazolam-equivalent benzodi-
azepine, baseline depression and anxiety, and BMI above 40 as all associated with a posi-
tive depression screen [21].

One study that included patients with pre-ICU depressive symptoms examined factors
associated with depressive symptoms after severe sepsis [15]. They found no association of
the incident severe sepsis with subsequent depressive symptoms. However, they did find
that pre-ICU depressive symptoms (relative risk (RR) 2.20, 95% CI, 1.66-2.90) and worse
post-sepsis functional impairment (RR 1.98 per limitation, 95% CI, 1.03-1.13) were inde-
pendently associated with substantial depressive symptoms following sepsis [15].

13.5 Pathophysiology of Mood Disorders After ICU

Of the risk factors described above, two that are ICU-related (exposure to benzodiaze-
pines and hypoglycemia) have possible mechanistic explanations that have recently been
described. Benzodiazepines modulate gamma-aminobutyric acid (GABA)-A receptors,
the most common inhibitory neurotransmitter in the central nervous system. These
receptors are found abundantly in the limbic system, which modulates mood [24].
Benzodiazepines work through the potentiation of the GABA-A receptors and have been
associated with depression as well as cognitive dysfunction [18, 21]. Studies conducted in
rats have shown that benzodiazepines also cause neurodegeneration [25]. Specifically, the
histological slides of rat brains after exposure to benzodiazepines demonstrated apoptotic
neurodegeneration [25].

Hypoglycemia causes a distinctive pattern of neuronal cell death unlike brain ischemia
[26]. The dentate gyrus of the hippocampus, which is important for mood regulation,
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along with the superficial layers of the cortex is very sensitive to hypoglycemia-induced
neuronal necrosis. This cell necrosis is mediated by aspartate efflux out of the cell causing
calcium fluxes that rapidly lead to necrosis. The cerebellum and the brainstem are spared
in hypoglycemic brain damage, keeping the vital life-maintaining functions of these
regions intact [26].

13.6 Interventions for ICU Survivors with Mood Disorders

It is important to note that some physical diagnoses or symptoms may be associated with,
or mimic, depression and should be assessed in conjunction with any concern regarding a
diagnosis of a mood disorder. For example, anemia, neuromuscular disorders, cardiovas-
cular disease, mobility issues, and endocrinological pathology can all cause depressive
symptoms that can be resolved by addressing the underlying medical problem [3].
Appropriate history, physical exam, and laboratory tests can diagnose medical causes of
many of the symptoms of depression, and subsequent treatment or referral to appropriate
specialists may be helpful [3].

During the ICU stay, minimizing modifiable risk factors that are known to be associ-
ated with mood disorders after discharge, such as hypoglycemia and exposure to benzodi-
azepines, may result in lower rates of mood disorders in ICU survivors [18, 21]. However,
it is important to note that while these risk factors have plausible mechanistic explana-
tions, no intervention studies have specifically demonstrated an improvement in mood
disorders with modification of these exposures.

Awareness by physicians encountering ICU survivors after discharge of mood disor-
ders and the benefits of early intervention may be important in order to initiate any early
intervention [2]. However, studies of close follow-up after hospital discharge have yielded
mixed results [27, 28]. Three studies have examined follow-up of patients after hospital
discharge and have not demonstrated improvements in mood disorder outcomes [27-29].
The RAPIT study by Jensen et al. was a pragmatic, non-blinded, multicenter, parallel-
group randomized controlled trial (RCT) with 190 patients in each arm that examined a
nurse-led intensive care recovery program for ICU survivors [28]. The study showed no
significant difference between the interventional group and the controls group when they
assessed HADS score for depression at 12 months after discharge [28].

Another small prospective, quasi-experimental non-blinded single-center study of
nurse-led follow-up with only 13 patients in the experimental group and 72 in the control
group also found no difference in the incidence of mental illness after ICU between both
groups [27]. Finally, an RCT of 175 patients examined an educational program from psy-
chologists for ICU survivors after discharge compared to a control group who had primar-
ily videos explaining PICS symptoms and recovery [29]. The psychologist interventional
group received six weekly 30-minute telephone sessions from a psychologist, while the
control group had access to videos and received two 30-minute sessions with a content
expert in the videos. They found that the CST did not improve psychological distress
compared to the education program [29]. However, in patients with high baseline distress,
the CST improved symptoms of distress at 6 months, while the education program
improved distress at 3 months among patients on a ventilator for greater than 7 days [29].

There are multiple reasons these follow-up strategies may not have shown benefit.
First, some experts advocate starting the screening process and interventions as early as
when patients are moved to the ward from ICU [2]. Second, the intensity of the interven-
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tion may not be sufficient. For example, a 30-minute session with a psychologist may not
be adequate to develop coping strategies for a mood disorder. Third, most of these studies
are small and may lack the power to demonstrate an effect. Finally, the patients in these
studies are a heterogenous group and the signal from high-risk ICU survivors who develop
mood disorders may be attenuated by the other ICU survivors who are at lesser risk. These
issues may be overcome by selecting an enriched population of ICU survivors who have
specific risk factors for developing mood disorders, by ensuring that the ICU survivors
enrolled do not have a medical or physiological derangement causing the mood symp-
toms, and by ensuring there is a large enough sample size to detect the impact of the
intervention.

The role of antidepressants for treatment of ICU survivors with symptoms of depres-
sion is unexplored. It is clear that antidepressants are being prescribed to individuals after
critical illness [13], but their utility either for early treatment of depression symptoms in
the ICU or after discharge has not been assessed. A pilot retrospective cohort study that
had follow-up data of only 27 patients prescribed antidepressants de novo while in the
ICU found no statistical difference in the rates of post-ICU depression compared to his-
torical controls [30]. Much more data are needed with larger studies to determine the
utility of medication in this population.

Physical therapy may also play a role in improving mood symptoms of ICU survivors.
ICU survivors may be experiencing mobility issues, and this can limit their ability to
work, their social activities, and their independence [20]. While purely speculative, by
improving their physical function and mobility issues and therefore improving engage-
ment in many aspects of their life, ICU survivors could also have improvement in mood
symptoms [20].

13.7 Dementia

While mood disorders may be transient, dementia is a progressive, irreversible clinical
syndrome that is a result of widespread impairment of mental function [31]. Yet anecdot-
ally, similar to mood disorders, incidence rates increase after an admission to ICU, as
many people view critical illness as a “trigger” resulting in cognitive dysfunction and a
downward spiral to dementia.

In Western countries 3-10% of people over 65 years of age have dementia and over 46
million are affected worldwide [32, 33]. Dementia is difficult to diagnose especially in the
early stages and when it is mild due to the insidious and variable onset of the syndrome
[32]. Family members also take over social roles of the patients, protecting them from
obstacles in daily life and as a result may delay the diagnosis of dementia [32]. Due to these
factors, detecting the incidence of new dementia remains difficult.

The Diagnostic and Statistical Manual of Mental Disorders V (DSM-V) elaborates on
the diagnosis of dementia as having problems with seven domains: complex attention,
executive function, learning and memory, language, perceptual-motor function, language,
and social cognition [34]. Dementia is diagnosed by history taking, cognitive and mental
state examination, physical examination, and review of medications [31]. There are vari-
ous dementia rating scales that screen for or rank severity of dementia from mild to severe
based on these seven domains and functionality [35]. The most well-known are the Global
Deterioration Scale (GDS), Clinical Dementia Rating (CDR), and the Mini-Mental State
Examination (MMSE) [35].
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There are several difficulties associated with assessing rates of dementia after critical
illness. First, there may be ICU-acquired cognitive impairment that is stable (i.e., not pro-
gressive) yet is not severe enough to be considered dementia. Second, undiagnosed
dementia may have been present prior to the critical illness but only detected when
screened after ICU discharge. Third, a true diagnosis of dementia requires in-depth assess-
ment that may be challenging after a critical illness associated with other disability or
disease [36]. Reversible causes of cognitive dysfunction such as delirium and medical
causes should be ruled out prior to a dementia diagnosis [31]. Structural imaging should
also be conducted to rule out other causes of brain pathology [31]. However, assessment
of dementia after critical illness is important since an increasing number of patients being
admitted to the ICU are elderly and dementia is a large concern for these patients and
their families [37, 38].

13.8 Epidemiology of Dementia in ICU Survivors

Admission to the ICU may be associated with an increased risk of dementia, but the
majority of work has focused on cognitive impairment rather than specifically dementia.
The prevalence estimates of long-term cognitive dysfunction after ICU range widely
[39, 40]. In a study of elderly individuals in the United States, rates of cognitive impair-
ment were increased after a hospitalization with severe sepsis, but specific diagnoses of
dementia were not reported [41]. Moreover, there was no “dose response” for those who
had a severity of illness necessitating ICU admission. Further, a large prospective study
found that 6% of patients enrolled had pre-existing mild cognitive dysfunction, and up to
24% of the ICU survivors had significant cognitive dysfunction that were similar to scores
obtained by patients with mild Alzheimer’s dementia 12 months after discharge [42]. Of
note, those with severe pre-existing cognitive dysfunction were excluded from the study.
A study that looked at 55 ARDS patients found that 30% of them had cognitive decline 1
year after discharge and all patients had cognitive dysfunction based on the Wechsler
Adult Intelligence Scale-Revised (WAIS-R) at the time of discharge [43]. Cognitive dys-
function in one domain such as memory, attention, or concentration was present in 78%
patients 1 year after discharge [43].

These epidemiological studies have shown an increase in long-term cognitive dysfunc-
tion after ICU; although the causal factors for this trend are still being explored. Very few
studies have assessed actual dementia. One study of 2929 individuals 65 years or older
found incident dementia was increased in individuals hospitalized (adjusted hazard ratio
(aHR) 1.4, 95% CI, 1.1-1.7) and was even higher for individuals following a critical illness
(aHR 2.3, 95% CI, 0.9-5.7), although the numbers with a critical illness were very small
[39]. Another larger study of 25,368 Medicare patients (>65 years of age) in the United
States assessed diagnoses of dementia in the 3 years following an ICU admission. These
individuals had a 15.0% incidence of a diagnosis of dementia. This was compared with
general population controls who were age, sex, and race matched, who had an incidence
of 12.2%. Although the adjusted hazard ratio for an increased risk after ICU admission
was high (1.43, 95% CI, 1.32-1.54), the absolute difference in 3-year incidence was only
2.8% [38]. It is important to note that this study likely underestimated dementia rates in
both the ICU and general population groups, as it relied on healthcare record diagnoses of
dementia rather than an in-depth assessment of all individuals. Further studies assessing
dementia rates are an area for future research.
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13.9 Factors Associated with Dementia After ICU

Dementia incidence doubles every 5 years from age 65 to 90 in the general population
[44]. Increasing age is certainly associated with higher risk of dementia in ICU survivors
[38]. However, it is notable in the Medicare study described above that the risk relative to
general population controls was consistent across age bands, suggesting no interaction
between age and intensive care.

The cohort study by Pandharipande et al. of 821 patients with 1-year follow-up identi-
fied the length of neurological dysfunction during ICU admission as a risk factor associ-
ated with the development of long-term cognitive dysfunction [42]. This is similar to the
signal for an increased risk of a diagnosis of dementia associated with neurological dys-
function during the hospitalization found in the Medicare cohort [38]. Other factors iden-
tified in this same study included diagnoses of infection or sepsis and receipt of (new)
acute dialysis.

It is notable that multiple studies have failed to show an association between severity
of illness in ICU and subsequent neurocognitive impairments or diagnosis of dementia.
The severity of illness has been assessed in many ways, including Acute Physiology and
Chronic Health Evaluation (APACHE) II score, duration of mechanical ventilation, and
the number of days in ICU [38, 40, 45, 46]. Finally, despite concerns regarding a relation-
ship between receipt of sedatives such as benzodiazepines and development of delirium in
hospital [47], the number of days receiving sedative(s), narcotic, or paralytic medication
was not associated with long-term cognitive impairment [40, 45, 46]. Specifically, more
recent work by Pandharipande et al. did not demonstrate a relationship between receipt of
benzodiazepines and long-term cognitive dysfunction [42]. These studies demonstrate
the complexity of potential exposures and the challenges of assessment of cognitive out-
comes and long-term follow-up. Large, longitudinal studies are still needed for further
exploration of this important area.

— Take Home Messages

Mood Disorder in ICU Survivors
Up to 30% of ICU survivors may experience mood disorders after discharge.
Most studies of post-ICU mood disorders do not adequately differentiate between
ICU-associated mood disorders and pre-existing conditions.
Somatic symptoms related to physical weakness and disability may be contributing
to higher scores on assessment for mood disorders.
The majority of ICU survivors are not assessed by psychiatrists and few receive
specific diagnoses of mood disorders.
Patient risk factors for mood disorders in ICU survivors include the following: a
previous diagnosis of a mental illness, female sex, previous alcohol dependence,
body mass index (BMI) >40, lower socioeconomic status, and younger age.
ICU risk factors for mood disorders in ICU survivors include the following:
benzodiazepines during the hospitalization, episodes of hypoglycemia, and sleep
disruption.
Studies to date of close follow-up by psychologist or nurses after discharge have not
reduced the incidence of mood disorders in ICU survivors.
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— Take Home Messages

Dementia in ICU Survivors
The majority of studies of follow-up of ICU patients assess cognitive dysfunction and
not specific diagnoses of dementia.
A large difficulty with studies of dementia related to critical illness is limited assess-
ment pre-ICU regarding possible mild dementia.
ICU risk factors associated with dementia after ICU include sepsis, infection, neuro-
logical dysfunction (delirium), and acute dialysis.
Severity of illness and exposure to sedatives do not appear to be associated with
subsequent cognitive dysfunction.

Financial Disclosure The authors have no commercial associations or financial disclosures to
declare.
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Learning Objectives

After reading this chapter, the learner will be able to:
Understand terminology related to functional status, disability, and impairments.
Understand major conceptual models of the disabling process.
Understand common instruments to measure disability in ADLs and mobility.

14.1 Introduction

The ability to live independently is the most important factor in healthcare resource utili-
zation and health-related quality of life [1]. Among community-dwelling older adults, the
single largest risk factor for loss of independence (i.e., disability) is hospitalization, in
particular those for a critical illness [2-7]. Sepsis, a common cause of critical illness, is
now a leading cause of hospitalization among older adults in the United States [8]. The
downstream costs of sepsis survivorship are considerable in light of the fact that up to 75%
of older adults who survive a hospitalization for sepsis will develop long-lasting disability
in one or more activities of daily living [8]. Because the incidence of sepsis increases with
age, the aging of the world’s population means a growing number of people will develop
sepsis (and therefore be at risk for developing disability) in coming years [9-15].

Among survivors of critical illness, outcomes the burden of poor outcomes such as dis-
ability have come to light only within the last two decades [16-20]. Thus, while ongoing
research seeks to describe, prevent, and treat this syndrome, those who care for patients
affected by critical illness across the spectrum from acute illness to recovery need a deeper
understanding of the processes which may result in disability and impaired function. In the
ICU literature and in clinical practice, key terms related to function and disability are often
used interchangeably. Moreover, conceptual models that can be used to understand better
how disability develops and methods by which to assess disability may be unfamiliar to
those caring for persons affected by critical illness. Therefore, this chapter will define
important terminology related to function and disability, introduce major conceptual mod-
els of the disability process, and describe instruments that can be used to assess disability.

14.2 Terminology

Functional status, disability, and impairments are related terms that describe how a person
performs in socially defined activities required to care for oneself. Confusion and misuse
of these terms limit cross talk between those caring for persons with critical illness and
survivors (e.g., ICU professionals, rehabilitation professionals, primary care providers)
and slow research collaboration. This section, therefore, will define these terms and pres-
ent a conceptual framework to understand better how these terms are used to describe a
persons ability to perform the activities needed to live independently.

14.2.1 Functional Status

Functional status is an overarching term which refers to the activities that people do in the
normal course of their lives to meet basic needs, fulfill usual roles, and maintain their
health or well-being [21]. Though in common usage, functional status refers to one’s phys-
ical functioning; in its broadest sense, functional status also incorporates the cognitive,
psychological, social, and spiritual aspects of oness life.
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Functional Status

Functional Capacity

(Maximum Potential) ™~ A
“Can DO”
Functional
Reserve
Functional Performance
(BADLs, IADLs, Mobility) ———
“Actually Do”
Functional
Capacity
Utilization

@ Fig. 14.1  Conceptual model of functional status. Functional status is an overarching term for what
activities people do in the normal course of their lives to meet basic needs. Functional status is
comprised of two components: functional capacity and functional performance. Functional capacity
represents a person’s maximum potential to perform an activity (top black horizontal line). Functional
performance (middle black horizontal line) represents the actual level at which one functions to perform
self-care activities such as basic and instrumental activities of daily living. When a person’s functional
performance is below a level at which he or she needs help to perform activities of daily living, disability
can be considered to be present. (Adapted with permission from Leidy [21])

Functional status is comprised of four components: functional capacity, functional per-
formance, functional reserve, and functional capacity utilization (8 Fig. 14.1) [21]. Func-
tional capacity is a person’s maximum potential to perform activities in any domain (e.g.,
physical, cognitive, psychological) [21]. Functional performance describes the activities
people need and want to perform to meet their basic needs and to maintain their health and
well-being [21]. In other words, functional capacity represents what one “can do,” whereas
functional performance represents what one “actually does” in his or her daily life. The next
two components center on the exertion needed to perform those activities. Functional
reserve is the difference between functional capacity and functional performance [21]. It
represents the store of abilities that can be called upon when high levels of exertion are
needed to accomplish a task. The inverse of functional reserve is functional capacity utiliza-
tion. Functional capacity utilization is the proportion of one’s functional capacity used to
achieve a level of functional performance [21]. High levels of functional capacity utilization
mean that high levels of exertion are required to perform the activities needed to meet one’s
basic needs (functional performance nears functional capacity, resulting in little functional
reserve). This level of exertion may not be sustainable or the “cost” of exerting one’s self
becomes too high. Therefore, either by necessity or by choice, the performance of the activ-
ities required for independent living decreases or stops all together, resulting in disability.

14.2.2 Disability

Disability is a state of decreased functioning associated with a disease, disorder, injury, or
other health conditions, which in the context on one’s environment is experienced as a
difficulty or dependency in performing the activities necessary to interact with one’s envi-

14
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B Table 14.1 Activities of daily living can be categorized into basic ADLs (BADLs), instrumental
(IADLs), and mobility activities. BADLs are those activities needed for basic physical self-

care, IADLs are more complex tasks that allow one to interact with his or her environment, and
mobility tasks are those necessary to move and travel. Examples of activies in each category are
presented in the table

Basic activities of daily ~ Instrumental activities of daily Mobility activities

living living

Bathing Use telephone Move around home/apartment
Dressing Shop Walk % mile (approx. 2-3 blocks)
Toileting Housekeeping Lift/carry 10 Ibs.

Transferring Laundry Travel outside of home
Continence Cook a meal Travel outside of neighborhood
Eating Manage medications Travel outside of town

Manage finances

Use transportation

ronment within the context of one’s socially defined role or roles [22]. In other words,
disability represents the difference between the activities one is able to perform and the
demands of a physical or social environment. At the most basic level, these are the activi-
ties required to live independently, and are classified as activities of daily living (ADLs).
ADLs can be categorized hierarchically into basic ADLs (BADLs), instrumental ADLs
(IADLs), and mobility activities (8 Table 14.1) [23].

Disability can be considered from both biomedical and social perspectives. A bio-
medical view of disability considers the disruptions of the structure or function of body
systems that lead to disability. The social view of disability considers the social, environ-
mental, and personal factors leading to disability. Thus, these complementary views of
disability can be used to understand better disabilites after critical illness and have impli-
cations for rehabilitaiton strategies.

14.2.3 Impairments

Impairments are anatomical, physiological, mental/cognitive, or emotional abnormalities
or problems in specific body structures or functions [24-27]. Impairments can reduce
physical, mental, or social functioning, therefore affecting one’s performance of ADLs
and/or mobility activities. In other words, severe impairments can result in disability.

14.2.4 Linking Functional Status, Disability, and Impairments

Because functional performance describes the actual activities one does, it is this compo-
nent of functional status that defines disability. Thus, following a critical illness if one’s
functional performance remains high enough, he or she is able to perform ADLs without
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Independent FP ——
Disabled FP ——
1 Month Hospital 1 Month 9 Months
Before Critical lllness Discharge After Critical lliness After Critical lliness

B Fig. 14.2 Functional status and critical illness. This figure illustrates changes in functional status for a
hypothetical patient with sepsis during a critical illness and recovery. Panel a shows functional status
before critical illness. Panels b, ¢, and d show changes to functional status at hospital discharge, T month
after discharge, and 9 months after discharge, respectively. See text for illustrative example

help from another. When an illness or injury results in a severe impairment, however,
functional performance may decline. If functional performance declines below the level at
which a person is able to perform ADLs without assistance, disability is present.

To illustrate how the components of functional status are affected by critical illness,
consider the case of a 62-year-old woman who develops influenza pneumonia with resul-
tant acute respiratory failure requiring 5 days of mechanical ventilation and 2 days of sep-
tic shock. Prior to her illness, she lived independently with her husband, worked as a
partner at a law firm, and was physically active playing in a tennis league two nights per
week. Her baseline functional status is depicted in B Fig. 14.2, panel a. Her critical illness
was complicated by the development of severe ICU-acquired weakness preventing her
from being able to bathe, transfer out of her bed, or ambulate to the restroom without the
help of another person. As a result of this impairment in her neuromuscular function, her
functional capacity and functional performance have declined to the point where she has
become disabled in two BADLs and in mobility (8 Fig. 14.2, panel b). Because of her dis-
ability, she is discharged to an inpatient rehabilitation facility. She sees you in the ICU
recovery clinic after 1 month of inpatient rehabilitation. She is now able to perform all her
BADLs and IADLs without help. She is also able to walk short distances without help, but
is unable to walk distances more than 10 meters because of fatigue. She states her day-to-
day activities also cause significant fatigue and she feels “worn down” (B Fig. 14.2, panel
¢). Note the improvement in her functional performance since discharge, but the persis-
tent decrease in her functional capacity compared with her baseline. Because of the
increased proportion of her functional capacity required to achieve her functional perfor-
mance level (i.e., functional capacity utilization is increased), she is experiencing symp-
toms of fatigue while performing her ADLs. You recommend that she resume a progressive
exercise program of daily walking in an attempt to increase her functional capacity. At her
visit with you 9 months after hospital discharge, she reports to you that she is now able to
walk 5-6 days per week for 30 minutes. She no longer feels fatigued performing her day-
to-day activities, though she is unable to play tennis. 8 Figure 14.2, panel d, demonstrates
a large increase in functional capacity with some improvement in her functional perfor-
mance. Thus, her functional capacity utilization has decreased and the exertion required
to perform her ADLs is less and her symptoms of fatigue are improved.

14
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143 Models of the Disability Process

With an understanding of terminology related to function, disability, and impairments,
we now shift our focus to understanding why and how disability can develop through the
use of three models: the vulnerability hypothesis, the Nagi model of the disability process,
and the International Classification of Function (ICF) model.

Why some persons affected by critical illness become disabled afterward while others
do not can be understood through the vulnerability hypothesis (B Fig. 14.3). Proposed
initially to explain the development of delirium in acutely ill persons [28], the vulnerabil-
ity hypothesis has been applied widely to explain other syndromes of aging, such as dis-
ability [3, 7, 29]. The vulnerability hypothesis states that disability develops as a function
of an acute stressor encountered by a vulnerable host [29]. As described in the introduc-
tion, hospitalization, particularly for a critical illness, is far and away the strongest risk
factor for the development of reduced functional performance resulting in disability in
older adults [7]. While critical illness is a strong predictor of disability, those caring for
persons with critical illness recognize that critical illness is not a homogenous event. Thus,
even among persons who are critically ill, factors such as the number and type of organ
failures, the duration of critical illness, and iatrogenic factors (e.g., immobility, sedation)
will affect the intensity of a critical illness. What may be less familiar are the factors that
increase vulnerability to the development of disability. In clinical practice, increased vul-
nerability to poor outcomes can be recognized as frailty. Frailty is a syndrome that is char-
acterized by the loss of physiological reserve across multiple organ systems that reduces
one’s ability to maintain or to restore homeostasis in the setting of an acute stressor [30].
Two recent cohort studies have found after considering a number of factors such as age
and the number of comorbidities that more severe frailty is independently associated with
disability after critical illness [31, 32]. Moreover, while considered to be a classic syndrome

A
°
Intensity of Disability
Critical lliness No Disability
C B
C °
Vulnerability

O Fig. 14.3 The vulnerability hypothesis. The vulnerability hypothesis states that disability develops as
a function of the intensity of a critical iliness (y-axis) and a patient’s underlying vulnerability (x-axis). The
diagnoal line shows the division between disability and no disability. Point A shows a person with low
vulnerability who suffered a high-intensity critical illness and develops disability. Point B shows a person
with high vulnerability who suffered a low-intensity critical illness and develops disability. Point C shows
a person with low vulnerability who develops a low-intensity critical illness and does not develop
disability. See text for illustrative example. (Adapted with permission from Gill [29])
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of aging, frailty was present in substantial numbers of persons in the 30s, 40s, and 50s,
indicating that increased vulnerability is present in among persons of all ages admitted to
intensive care units [32, 33].

To place the vulnerability hypothesis into clinical context, let us revisit the example of
our 62-year-old woman with influenza pneumonia. Prior to her illness, she was quite fit,
working in a cognitively demanding job, and was playing in a tennis league and therefore
had very low pre-illness vulnerability. Despite this low underlying vulnerability, she devel-
oped disability as a result of her intense episode of critical illness (B Fig. 14.3, point A).
Contrast her case with that of a second patient. An 87-year-old man with metastatic lung
cancer, coronary artery disease, and mild cognitive impairment, who has difficulty walk-
ing at baseline, develops septic shock for 2 days secondary to a urinary tract infection
(B Fig. 14.3, point B). He is hospitalized for 5 days and at the time of hospital discharge is
unable to bathe himself or to walk to the restroom. Because of his BADL disabilities, he is
discharged to inpatient rehabilitation. Despite having a low-intensity critical illness rela-
tive to our first patient, he became disabled as a result of his greater underlying vulnerabil-
ity. If our 62-year-old woman from the first case, who had low underlying vulnerability,
developed the same intensity critical illness that our highly vulnerable patient had, she
would not have developed disability (B8 Fig. 14.3, point C). Thus, it is the combination of
intensity of critical illness and underlying vulnerability that can explain why disability
develops in some people, but not others.

While the vulnerability hypothesis is helpful to understand why certain persons may
develop disability, it does not help to understand how disability develops after critical ill-
ness. Two complementary models, the Nagi model and the International Classification of
Function (ICF) model, can be used to link processess present during critical illness and
recovery with disability.

The Nagi model, originally proposed in the 1960s and modified by Verbrugge and Jette
in the mid-1990s, considers disability from a biomedical perspective [24, 25, 34]. Simply
put, the model states that diseases or injuries disrupt normal physiologic functions
(pathology) to result in dysfunction or structural abnormalities in body system(s) (impair-
ments) that cause restrictions in the performance of physical or mental activities (func-
tional limitations) which when placed into a specific context prevent the performance of
socially defined roles and tasks (disability) (8 Fig. 14.4a).

First proposed in 2001, the WHO ICF model incorporates both the biomedical and
social perspectives of disability [26]. The ICF model posits that disability arises out of an
interaction between a health condition, human factors (i.e., body functions and struc-
tures, carrying out tasks or activities, participation in life situations), and contextual fac-
tors (i.e., personal factors and environmental factors) (B Fig. 14.4b).

While the approach to the disabling process differs somewhat between these two
models, both have utility in understanding the disability process after critical illness,
depending on the context within which one is evaluating disability. For example, for a
clinical researcher focused on studying the biological mechanisms by which sepsis may
result in muscle weakness and wasting leading to disability in BADLs, the Nagi model
may be the most informative because of its focus on how a specific pathology can result
in disability. In contrast, the ICF model, with its focus on social factors such as a person’s
physical living environment, his or her social support, coping strategies, and governmen-
tal policies toward those with disabilities, would be more informative to a researcher
studying the potential association between health care disparities and prolonged disabilty
after sepsis.
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O Fig. 14.4 Conceptual models of the disability process. Panel a presents the Nagi model and panel b
presents the World Health Organization International Classification of Function model. See text for
descriptions of these models. (Adapted with permission from Verbrugge and Jette [34])

14.4 Assessing Functional Performance in BADLs, IADLs,
and Mobility

A number of instruments exist to measure functional performance of ADLs, IADLs, and
mobility [35-41]. These instruments vary with regard to the type (e.g., questionnaire vs.
performance-based), time needed to complete the instrument, activities assessed, and
training required. Thus, the choice of an instrument will depend on factors such as the
context of the assessment (e.g., clinical versus research) and the level of detail about a
person’s functional performance desired from that assessment (e.g., general assessment
versus detailed measure of levels of performance across multiple domains of activity). For
example, in a busy clinical ICU setting where a clinician is seeking to determine a patient’s
baseline level of performance, a quick disability assessment that asks the patient or family
members about the need for help or difficulty in bathing, dressing, transferring, and get-
ting around may be sufficient. In contrast, in the context of a research study, evaluating the
effect of an intervention on performance of ADLs where measurement of small, and



Functional Scores of Disability

209

B Table 14.2 Common intruments used to measure Functional Performance in BADLs, IADLs,
and Mobility in critical illness and recovery

Instru-
ment

Clinical
history

Katz Index
of ADL [35]

Barthel
Index [36]

Lawton-
Brody
Index [37]

FAQ [38]

Life-Space
Assess-
ment [39]

WHO-DAS
2.0 [40]

FIM [41]

Domain
assessed

BADLs/
mobility

BADLs

BADLs

IADLs

IADLs

Mobility

BADLs, IADLs,
mobility,
cognition,
social
interaction

BADLs,
cognition

Type of
instrument

Clinical history

Questionnaire

Questionnaire

Questionnaire

Questionnaire

Questionnaire

Questionnaire

Performance

Items

36

16

Time
required
(minutes)

1-2

2-3

2-3

2-3

2-3

30-45

Comments

Quick; few details
about specific help
needed to complete
activities

Quick; graded
assessment of help
needed to complete
BADLs

Quick; limited to
“independent” vs.
“with help”

Quick; graded
assessment of help
needed to complete
IADLs

Quick; graded
assessment of help
needed to complete
IADLs

Spectrum of mobility
activities assessed

Broad assessment of
multiple domains of
function; less detail of
function in specific
domains

Long; detailed
assessment of actual
performance; training
required to perform
assessments

BADLs basic activities of daily living, JADLs instrumental activities of daily living, FAQ Functional
Activities Questionnaire, WHO-DAS Il World Health Organization Disability Assessment Schedule
2.0, FIM Functional Independence Measure

potentially meaningful, improvements in functional performance may use a more detailed
assessment, such as observation of a patient performing ADLs, may be needed. 8 Table 14.2
compares some common instruments used to measure performance of BADLs, IADLs,
and mobility in persons with critical illness across the spectrum from acute illness to

recovery.
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14.5 Recovery from Disability

Despite often being thought of as a progressive or permanent condition, disability follow-
ing acute and critical illness is a dynamic condition characterized by high rates of recovery
[42]. Data from the Precipitating Events Project (PEP), a longitudinal study that per-
formed monthly assessments of disability from 754 community-dwelling older adults over
more than a decade, show that 80% those who developed disability after a hospitalization
for an acute or critical illness recovered within 1 year [42]. Though lower than patients
with acute illness, 52% of those hospitalized for a critical illness recovered [43]. Of those
patients who developed a disability, but who recovered, most maintained independent
functional performance for 6 months or longer. Thus, the majority of patients who become
disabled following hospitalization for an acute or critical illness will recover from their
hospital-associated disabilities.

Several important factors, however, affect the chances of recovery among those who
develop disability following a hospitalization. First, severity of illness reduced the
proportion of patients who recovered. In PEP, among those participants whose hospital-
ization included an ICU stay, the proportion of patients who recovered to their pre-illness
functional performance was nearly 30% lower [43]. Second, the duration of the disability
episode affects recovery. Among those whose disability episode persisted for greater than
2 months after discharge, only 70% recovered to independence by 1 year, 10% lower than
the overall cohort [2]. Third, even though the majority of patients recover at 1 year and
shorter episodes increase the chances of recovery, over time, even short episodes of dis-
ability are associated with the development of future disability [44]. Finally, the presence
of sensory impairment (e.g., vision or hearing loss) is associated with lower probability of
recovery whereas higher body mass index and greater confidence in performing physical
tasks (e.g., physical self-eflicacy) are associated with greater probability of recovery [43].

Conclusion

The ability to live independently depends on the ability to perform basic self-care activities.
Functional status, disability, and impairments represent distinct (but interrelated) concepts
related to ability to live independently. Because the development of disability after critical
illness is complex and not well understood, complementary models of the disability process
can be used as a framework to guide research and interventions. How best to measure per-
formance of ADLs and mobility should be guided by the purpose of the assessment and
detail of information needed.

— Take-Home Message

The development of disability after critical illness is a complex process that is not well
understood. Improving use of terminology and an understanding of the major
conceptual models of the disability process by those of care for persons with critical
illness are important first steps in reducing this component of post-critical iliness
suffering.
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Learning Objectives
Understand the content and limitations of current evidence in providing effective analgesia
to adult ICU patients.
Appreciate the limitations and potential side effects of opiate use in the critically ill.
Recognize the risks for opiate withdrawal and dependency after exposure in the ICU.

15.1 Introduction

Routine pain assessment and the procurement of effective analgesics are of paramount
importance to critical care patients. Constant evaluation underpins the important balance
between pain relief and the pharmacological side effects of administered agents. The sig-
nificance of these issues was highlighted during the production of the most recent Society
of Critical Medicine’s (SCCM) Pain, Agitation, Delirium, Immobility, and Sleep (PADIS)
Guidelines [1]. Patients who partnered as authors and contributors in the SCCM PADIS
effort ranked this dimension of clinical care as essential to their well-being, leading to its
prioritization for these guidelines [2].

Opioids restrictions in the intensive care unit (ICU) setting, and in the hospital,
because of fears related to the opioid epidemic, led many International Pain Summit
worldwide delegates to produce the “Declaration of Montreal” [3]. This position paper
advocates considering pain management as a basic human right and pain assess-
ment and symptom-based management as a fundamental health-care professional
obligation.

In this chapter, pain assessment and evidence to support its safe and effective manage-
ment in the ICU setting will be addressed. Data addressing the risks of opiate exposure in
critical care will also be reviewed.

15.2 Pain Assessment in ICU Practice

Routine pain assessments are mandated by most hospital accreditation processes and are
assumed to be part of providing critical care [4]. The current [1] and previous [5] SCCM
guidelines recommend routinely asking patients to score their pain intensity if they are
able to do so. In patients whose illness or sedation precludes pain assessments using a
reliable verbal or written scale, tools to assess behavioral pain indicators have been vali-
dated in the ICU environment [6, 7].

Pain is frequent in the critically ill [8], occurs in up to 50% of medical and surgical
patients at rest [9], and can increase to over 80% during common care procedures [9].
Procedural interventions in the ICU cause both pain and emotional distress [10].
Anticipating this distress and having insufficient analgesia heighten pain severity [11].
Survivors of critical illness have corroborated this concern and focused on pain assess-
ment and management as a top priority during the PADIS guidelines [1].

The data on how pain is measured and managed in the critically ill suggest there is
considerable room for improvement. A recent survey of all Dutch adult critical care units
reported that among nurses, 36% believed nursing opinion about pain severity trumped the
patient’s self-report, even in clinical contexts where pain scales were routinely used and
recorded [12]. Despite solid evidence that a reproducible behavioral pain scale remains the
best metric to evaluate pain in patients unable to communicate their pain severity directly
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[13-16], Dutch nurses overwhelmingly (98%) judged themselves to be more accurate than
any such tool [12]. Similarly, a substantial proportion of Canadian ICU nurses did not use
pain assessment tools for patients who were unable to communicate and were unaware of
the pain management guidelines advocating their use in published professional society
“best practices” [17]. Routine communication during bedside rounds as to whether analge-
sia was adequate occurred 61% of the time. Adjusting analgesics based on the patient’s pain
score, another tenet of pain management quality, was even less frequent (42%) in this study
[17]. Evidence does not appear to drive either overall nursing practice [18] or the provision
of adequate analgesia. Documentation of the underestimation of pain by critical care
nurses, and failure to administer analgesics despite their patient’s discomfort, contrasts with
the commitment they express wishing to provide to ensure pain relief. The delineation of
the mechanism of this paradox and recommendation of a pathway to its resolution are
explored in very few studies and remain unaddressed in most of those, cited above, that
demonstrate its existence. A recent review suggests that beliefs (concerning opioids, gender,
culture, and subjective norms), rather than knowledge and data, significantly drive nurses’
pain management-related behaviour. One publication proposes belief-altering interven-
tions as a focus for interventions that may better improve the observed knowledge-to-
action gaps [19].

15.3 Support for Pain Assessment and Symptom-Based
Adjustment Literature in the Critically Il

Of all the clinical dimensions related to pain and its management in critical illness, none
are as well described as those pertaining to routine pain assessments and adjusting anal-
gesic interventions accordingly. Tallying pain and adjusting medications to patient needs
ensure pain relief, reduce the likelihood of lasting traumatic memories [16], and shorten
the duration of mechanical ventilation and ICU length of stay [20, 21]. In addition, it
reduces costs [22] and opiate exposure [21]. As discussed above, pain can readily be eval-
uated using validated tools in the majority of critically ill adults, including delirious
patients who are unable to self-report [23].

15.4 Pharmacologic Management Overview

Guidelines providing an overview of non-pharmacological and pharmacological analge-
sic management in critically ill adults were recently published [1]. A summary of the cur-
rent relevant ICU pharmacological literature, general comments about guideline
recommendations, as well as important “unknowns” will be summarized here.

The 2018 SCCM PADIS guideline questions were based on patient-partner rank-
ordering priorities from an item list generated by expert panel members [2] based on
clinical relevance. Analgesia and its management included non-pharmacological, multi-
modal analgesia, and opiate-based interventions. Evidence synthesis and recommenda-
tions were based on Grading of Recommendations, Assessment, Development, and
Evaluation (GRADE) [24]. The GRADE method’s reliability, reproducibility, and limita-
tions were untested until recently [25] when a guideline panel of GRADE-trained experts
prospectively validated these features [26]. In six (of nine) GRADE domains, expert con-
cordance could, at best, be considered fair [26]. This caveat, the dearth of publications

15
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addressing adult ICU pain management, and the unaddressed challenge of nursing beliefs
limit translating the content of these guidelines to bedside practice.

15.5 Opiates

The most recent SCCM effort limited its description of opiate use for analgesic purposes
to procedural pain management [1]. The 2013 guidelines, however, recommended this
drug class as the primary analgesic for non-neuropathic pain in the ICU [5] on the prem-
ise based on acute pain literature that they are effective.

Continuously infused opiates are the most commonly administered analgesic to the
vast majority of critically ill adults [27-31]. However, no prospective or comparative stud-
ies evaluate their effectiveness and comparative safety during or after critical illness. The
2013 guidelines highlighted pharmacologic characteristics of readily available molecules
[32] and cited two ICU studies. One trial evaluated 152 mostly (95%) postoperative
patients who were treated with fentanyl or remifentanil until extubation with a 24-hour
follow-up [33]. The second compared remifentanil, fentanyl, and morphine infusions in
161 neuro-critically ill patients [34]. Although neither study focused on adequate analge-
sia as an end point, there were no significant differences in reported pain scores between
the opiate regimens. Accordingly, the authors pointed out that “High-quality study data
are scarce in support of using one opiate over another in ICU patients”

How frequent opiate administration in adult ICU contrasts with how weak the data
are to support their analgesic efficacy in the critically ill and the dearth of safety data
reporting well-established opiate side effects (constipation, excessive sedation, toler-
ance, and psychological effects). One study compared non-protocolized patient man-
agement with a protocol specifically precluding opiate administration without
documenting the presence of pain above pre-established pain thresholds. In this popu-
lation (nearly half were surgical ICU patients), 36% never required opioids. Pain scores
improved, while opioid administration was reduced by 80% in comparison to the non-
protocolized group [21].

Administering opiates continuously may counter the intent to procure effective anal-
gesia. Opiate tolerance occurs most predictably with continuous exposure to high-dose
high-potency opioids [35]. The risk is highest when unadjusted opiate administration
accompanies inadequate pain scale titration and de-escalation of narcotics.

Mu receptors are believed to mediate opioid analgesic effect. With continuous or
repetitive opiate exposure, mu-opioid receptor-mediated changes associated with opiate
tolerance [36] occur through alterations in the expression of the cell surface receptor and/
or transcription-related downstream regulation [35]. This feature also occurs in delta opi-
ate receptors. Animal models evaluating delta receptor downregulation suggest that
diminished receptor sensitivity and transcriptional and post-translational changes may
occur after as little as 48 hours and predictably take place within 7 days of agonist receptor
exposure [37].

Whether mu receptors behave using similar mechanism is unclear [38]. Mu- and
delta-opioid receptors are co-expressed in a many small neurons in the dorsal root gan-
glion. Their expression in nociceptive afferents is enhanced by stimulus-induced
cell-surface expression of 8-opioid receptors and contributes to morphine tolerance [39].

Opiate tolerance is believed to result primarily from receptor desensitization and
upregulation of the cAMP pathway; many other biological and pharmacological and
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genetic clinical features may also contribute to what translates into ineffective analgesic
effect of opioids [40]. Gender and other interindividual variability also influence anal-
gesic effectiveness. “Standard” opiate doses may not account for individual patient fea-
tures such as sex differences in pain perception [41] and opiate efficacy [42]. In addition,
pharmacokinetic features (volume of distribution, drug accumulation [32], the effect of
critical illness on clearance, and drug-drug interactions [43]) can influence opiate effec-
tiveness and the incidence of adverse drug events in critically ill adults.

Numerous biological changes accompany opiate exposure, which substitutes mor-
phine or morphine-like molecules to the brain’s natural ligand endorphins, beta endor-
phins, and dynorphins. Opiate molecules binding to their receptors not only impact
analgesia but also mood and immunity [38]. Descriptions of interindividual receptor
characteristic and biological variability have challenged “single model” constructs [36].
The recent discovery of mu, kappa, and delta genetic variability [44] has led to a better
biological understanding of the opiate receptor’s complex three-dimensional structure
and of the modulatory interplay between intrinsic or extrinsic ligands and the number
of potential stimulated sites. Basic research investigators are shedding unprecedented
light on the relationship between biology, effective analgesia, and addiction “gateways”
[36, 45]. Although these opiate receptor-related findings may not be ripe for bench-to-
bedside translation, their identification provides another compelling argument for
assessing and managing pain and using opioids on an individualized and “as-needed”
basis.

Moreover, in the perioperative setting, intraoperative administration of high doses of
opioids increases postoperative opioid requirements and worsens pain scores through a
mechanism thought to be due to acute tolerance and/or perioperative opioid-induced
hyperalgesia (OIH) [46]. Remifentanil infusion is commonly used in the ICU and in the
intraoperative setting. Remifentanil infusion rates of above 0.25 pg kg™! min™' are associ-
ated with higher postoperative opioid consumption, suggesting tolerance infusion rates
greater than 0.2 pg kg™! min™" are characterized by lower experimental pain thresholds
that point to OIH [47].

Opioid-induced hyperalgesia is generally thought to result from neuroplastic changes
in the peripheral and central nervous system (CNS) that lead to sensitization of pronoci-
ceptive pathways allodynia and waning efficacy or previously effective opioid manage-
ment. There are many proposed molecular mechanisms that underlie OIH, but the
majority implicate the N-methyl-D-aspartate (NMDA) receptor. Treatment supplementa-
tion with NMDA receptor modulators reduces the reliance on opioid analgesia [48].
Whether this complicates analgesia in the critically ill has not been studied.

15.6 Multimodal Analgesia (Co-analgesia)

The paucity of literature addressing pharmacological co-analgesic agent use and its effi-
cacy and safety in critical illness contrasts with how commonly these agents are used [28].
The sparse literature that exists reports the safety and efficacy of single pharmacological
interventions; it is unsurprising that no publications report as to the effectiveness and/or
risks of analgesic combinations in the ICU. However, there is substantial evidence in other
settings for synergy between many analgesic classes that could be useful in limiting the
dose-limiting side effects of any single agent [49-52]. These concepts underlie the WHO
pain ladder [53].
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Considering the general safety concerns associated with opioid use (sedation, delir-
ium, respiratory depression, ileus, and immunosuppression), the SCCM PADIS panel
evaluated multimodal interventions aiming to minimize opiate administration while
ensuring adequate pain control. The SCCM PADIS pain section panel thus reviewed acet-
aminophen, non-steroidal anti-inflammatory agents, ketamine, intravenous lidocaine,
nefopam, and (grouped) agents commonly used for neuropathic pain (gabapentin, carba-
mazepine, and pregabalin). The available literature and their recommendations for each
molecule are described below.

Acetaminophen: Two studies (113 cardiac surgery and 40 abdominal surgery patients)
evaluated acetaminophen and recommended its administration to decrease pain intensity
and minimize opiate exposure [1]. A recent editorial pointed out these ICU-based data are
insufficient to support this recommendation [54] as “data for reduced opioid require-
ments, improved analgesia and reduced analgesia-related adverse events appear to be
lacking within the critical care literature.” Benefits outside the ICU, acetaminophen’s ubig-
uitous administration [55], and its reputation for safety were considered. However, com-
mon conditions in critical illness including liver and kidney dysfunction may limit this
molecule’s safety, particularly in the perioperative setting where it is most commonly
administered.

Ketamine: One single-center study, and two non-ICU publications, supported the
panel “suggest(ing) low-dose ketamine as an adjunct to opioid therapy when seeking to
reduce opioid consumption in post-surgical adults admitted to the ICU” A subsequent
larger study, published after the guidelines, contradicts ketamine’s usefulness in minimiz-
ing opiate exposure [56]. Whether the molecule may help OIH management is unclear in
the critically ill.

Lidocaine was described in a single cardiac surgery study where 50/100 randomized
patients had no analgesic benefit [1]. Non-ICU data suggesting lidocaine may be useful in
postoperative abdominal surgery pain notwithstanding the suggestion was to “not rou-
tinely use IV lidocaine as an adjunct to opioid therapy for pain management in critically
ill adults” The risk versus benefit may vary interindividually, considering that of renal
function impacts lidocaine clearance directly.

The panel also recommended not using non-steroidal anti-inflammatory medications
based on two small (abdominal and cardiac surgery) studies, given minimal benefit and
perception of risk related to drug-induced renal function or worsening or pre-existing
renal dysfunction. These complications are not clearly associated with this drug class in
adult ICU patients and are beneficial in pediatric ICU patients [57].

Anti-neuropathic analgesic evaluation was based on four studies, two in Guillain-Barré
patients (gabapentin, and gabapentin vs. carbamazepine vs. placebo) and two in cardiac
surgery patients (pregabalin). A recommendation and a suggestion supported this mole-
cule class” administration in neuropathic and post-cardiac surgery pain, respectively.

Finally, nefopam was recommended with the caveat of its limited availability in North
America.

Dexmedetomidine is an alpha-adrenergic antagonist with a safer hemodynamic profile
in the critically ill. Its role as a potential multimodal co-analgesic was not retained as a
priority topic in the PADIs guidelines, despite the number of studies suggesting its admin-
istration is associated with a significant improvement in pain scores and reduction in opi-
ate requirements [58-61].

This summary highlights the impressive absence of data on opioid and non-opioid
analgesic effectiveness and safety in the critical care setting. Recent biologic and pharma-
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cokinetic research suggests significant complexity underlying variability in, and conse-
quences of, opiate analgesia. In the ICU, analgesics, specifically opioids, are usually
prescribed in fixed doses rather than in incremental and (importantly) decremental
adjusted doses. This practice profile suggests a knowledge gap that was not addressed in
the recent guidelines [1].

The SCCM PADIS critical care guideline recommendations integrated non-
pharmacological management. Music and massage [62] were noted to help pain manage-
ment and serve to highlight that holistic approaches improve pain management [1] and
should be integrated into the overall care plan.

Long-term outcomes related to pain management and its efficacy remain undescribed
in the critically ill. Although posttraumatic stress disorder (PTSD) has been attributed to
painful memories of ICU pain in a few studies [63-65], it is not known whether inade-
quate pain relief during critical illness predicts long-term effects such as chronic pain.

Administering opiates in pediatric ICU patients has long been equated with with-
drawal symptoms, although symptom-driven scales do not distinguish between sedative
and opiate withdrawal [66]. Indeed, pediatric patients are routinely screening for iatro-
genic withdrawal if they have received opiates for 72 hours or longer. Only two published
address opiates as a drug class [31, 66, 67] and suggest that withdrawal occurs in 15-55%
of ICU patients. No opiate withdrawal scale has ever been validated in adults. Finally, do
we cause opiate addiction with the high doses of continuous opioids we prescribe? The
small quantity of data available suggests not [68]. In this single-center 5-year retrospective
review, opiate infusions during critical illness did not predict opiate prescription at dis-
charge [68]. However, the consequences with longer follow-up and among a population
known to be at risk should be evaluated with long-term quality assurance programs.

Conclusion and Take-Home Message
The critical care community faces considerable challenges in ensuring that patients get
assessed for pain and that these assessments guide therapy. Several gaps have been identified:
Assuring that evidence-based guidelines are followed for assessment and assessment-
guided treatment
Establishing which pharmacological approach(es) are most effective in which population
Better understanding of the mechanistic pathways underlying opiate effectiveness and
adverse drug reactions
Which assessments and therapeutic choices are most patient-centered
Addressing long-term benefits and outcomes of various analgesic paradigms
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Learning Objectives

The focus of this chapter is to analyze the characteristics of both post-traumatic stress
disorder (PTSD) and post-intensive care syndrome (PICS), discuss the current forms of treat-
ment and therapy for PTSD, and suggest novel behavioral therapies for the treatment of
PICS. Two novel therapies, musical therapy and collaborative songwriting, have had previ-
ous success in improving the mental and physical health of other vulnerable populations,
such as prisoners. A critical aspect of these forms of therapy is understanding the creative
processes and benefits of lyrical and non-lyrical composition. Finally, with any form of ther-
apy, itis important to assess their effectiveness, as well as the recovery and functionality of
those suffering from PTSD and PICS.

16.1 Introduction

How can prison activities dictate what is done with patients in the intensive care unit
(ICU)? How can common practice therapies come together with novel techniques and
help treat serious disorders? People who have experienced some form of trauma,
people who are considered part of a vulnerable population, are at risk for developing
PTSD. This is a condition characterized by a trauma- and stressor-related disorder
and is commonly linked to anxiety and other mental health issues. Similarly, patients
discharged from the ICU can experience a trauma- and stressor-related disorder
known as PICS.

16.2 Soldiers and ICU Patients: How Do They Relate?

16.2.1 Vulnerable Populations: What and Where They Are

Trauma occurs throughout life, and for most people, it is a temporary challenge; how-
ever, in 3.6% of men and 9.7% of women who experience a traumatic event, symptoms
of fear and anxiety persist beyond the trauma itself [1]. This is characteristic of post-
traumatic stress disorder (PTSD). In 1980, after the overwhelming number of soldiers
from the Vietnam War experienced flashbacks and terrible distress, PTSD was officially
added to the Diagnostic and Statistical Manual of Mental Disorders 3 (DSM-3). Recently,
the investigation of PTSD has expanded its scope from just those serving in the mili-
tary to include a number of other vulnerable populations - such as prisoners, victims
of abuse, and those with chronic health conditions. A vulnerable population is deter-
mined to the degree to which a population or individual is unable to anticipate, cope
with, resist, and recover from the impacts of disasters [2]. Included within the scope of
vulnerable populations who experience post-trauma symptoms are patients admitted
into ICUs.
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O Fig. 16.1 Occurrence of PTSD in several vulnerable populations [3]

16.2.2 Post-traumatic Stress Disorder

The most recent DSM-5, published in 2013, defines PTSD as a disorder that develops in
some people who have experienced a shocking, scary, or dangerous event who continue to
experience problems such as stress or fear even when they are not in danger [4]. The
flowchart shown in B Fig. 16.2 demonstrates a potential model of PTSD. This figure shows
the initial trauma being exacerbated by triggers and intrusive thoughts, further resulting
in diagnosable PTSD. The symptoms of PTSD include physical, cognitive, and psychiatric
factors. The psychiatric effects can range from an unprovoked fear response to anxiety and
depression. In addition, the cognitive symptoms include decreased attention and memory
recall. Finally, people may experience physical symptoms such as insomnia, nightmares,
rapid weight loss, and increased startle response. According to the DSM-5, a diagnosis of
PTSD requires satisfying criterion A-H, listed below.

A. The person was exposed to the following: death, threatened death, actual or
threatened serious injury, or actual or threatened sexual violence.
B. The traumatic event is persistently re-experienced, in the following way(s):
- Intrusive thoughts
- Nightmares
- Flashbacks
- Emotional distress after traumatic reminders
— Physical reactivity after traumatic reminders
C. Avoidance of trauma-related stimuli after the trauma, in the following way(s):
— Trauma-related thoughts or feelings
— Trauma-related reminders

16



16

226 K. J. Burdick et al.

D. Two required: Negative thoughts or feelings that began or worsened after the
trauma, in the following way(s):

E. Two required: Trauma-related arousal and reactivity that began or worsened after

Inability to recall key features of the trauma

Overly negative thoughts and assumptions about oneself or the world
Exaggerated blame of self or others for causing the trauma

Negative affect

Decreased interest in activities

Feeling isolated

Difficulty experiencing positive affect

the trauma, in the following way(s):

Irritability or aggression
Risky or destructive behavior
Hypervigilance

Heightened startle reaction
Difficulty concentrating
Difficulty sleeping

F. Symptoms last for more than 1 month.

o

Symptoms create distress or functional impairment (e.g., social, occupational).

H. Symptoms are not due to medication, substance use, or other illness [4].

B Fig. 16.2 Potential model

of PTSD showing effects of Model of PTSD
predisposition, traumatic event,

and resultant PTSD Previous Experiences
symptoms [5]
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Diagnostic criteria are not met until at least 6 months after the trauma, although the onset
of symptoms may occur immediately. Symptoms may last for 3 months to over a year [4].
With a combination of these psychiatric, cognitive, and physical PTSD symptoms, those
affected experience a significant intrusion into their daily life.

16.2.3 ICU Patients: A Vulnerable Population

While the ICU is imperative to improving a patient’s health, the ICU environment can
simultaneously cause a threat to a patient’s neuropsychological health, mimicking trauma
experienced outside of the hospital. This environment of a patient’s room is crowded and
disruptive. @ Figure 16.3 shows the physical space of the ICU, depicting the general layout
of closed rooms with the maximum number of beds that will fit. Care is provided to
patients 24 hours a day, 7 days a week, by closely monitoring vital signs throughout the
night with continuous monitor beeping and series of diagnostic tests. 8 Figure 16.4 shows
the proximity of these monitors to the patient, making the constant beeping even more so
invasive.

This environment severely disrupts sleep and, furthermore, impacts cognitive perfor-
mance, memory, concentration, and the patients mood [6]. With impaired cognition,
patients also commonly experience delusional memories regarding their ICU stay, which
may further disturb their emotional stability and recovery [7]. In the ICU, 61% reported
sleep deprivation, 94% said the analgesics requests did not relieve their pain, 62% had
been afraid or anxious, and 46% had felt lonely or isolated [6].

This disruption, combined with the emotional stress and general concern for the
patient’s health that comes with being admitted to the ICU, can trigger high stress in both
patients and family members. This prolonged stress can be equal to trauma in any other
situation referenced before, such as being incarcerated or battling a chronic health condi-
tion. The treatment provided in an ICU is imperative; however, patients and family in this
environment for an extended period of time are at risk for experiencing post-traumatic
effects, just like prisoners and abuse victims develop PTSD.

@ Fig. 16.3 ICU floor plan
showing the central nursing
station with surrounding patient
rooms [8]
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O Fig. 16.4 Bed environment
for a patient during their stay in
the ICU. Pictured is the patient
monitor in the top right. Below
are the infusion pump and
patient-controlled analgesia
infusion device. To the left is the
mechanical ventilator [9]

16.2.4 Post-intensive Care Syndrome (PICS)

Each year, 5 million patients in the United States and 300,000 patients in the United
Kingdom are treated in an ICU. Of these patients, 50-70% will experience symptoms of
post-intensive care syndrome (PICS) [10, 11]. Despite these high statistics, PICS is only
now being recognized as a public health burden. PICS is defined as new or worsening
impairment in physical, cognitive, or mental health status after critical illness and persist-
ing beyond discharge from the ICU [12, 13]. PICS is a grouping of complications that
include persistent cognitive dysfunction, debilitating weakness, and delusional and dis-
turbing memories - similar to PTSD [14]. In addition to the disability of the patient, the
families are also at risk to experiencing similar symptoms and developing post intensive
care syndrome-family (PICS-F) [15, 16]. Many families may experience these symptoms
when they feel they were left uninformed throughout the ICU stay or are grieving the loss
of a loved one [13]. However, since the focus is on the patient, these family members are
left unscreened and their symptoms unaddressed. To prevent this, it has been suggested
that healthcare workers should focus on having inclusive conversations with families and
allowing members to be part of the decision-making process.

As shown in @ Fig. 16.5, also similar to PTSD, the symptoms of PICS include physical,
cognitive, and psychiatric effects. Physical symptoms may present as ICU-acquired neuro-
muscular weakness and pulmonary or neuromuscular impairment. Cognitive symptoms
include declines in executive function, memory, and attention. Patients who experience
delirium in the ICU, a severe state of confusion, are at a higher risk of developing worse
cognitive symptoms of PICS [17]. Finally, the psychiatric symptoms include anxiety, depres-
sion, and, in the case of PICS-F the burden of survivorship. Overall, PICS symptoms
decrease patients” health-related quality of life (HRQoL) [6, 18, 19]. B Figure 16.6 shows the
various other factors that feed into the trauma and psychological disturbance experienced
while in the ICU. These include, but are not limited to, prolonged sedation, hypoxemia, and
sleep disturbances. Sleep disturbances are described as the occurrence of nightmares or
insomnia, which prevent recovery and are detrimental to cognition and emotional regula-
tion. Lack of sleep hinders physical recovery as it reduces the body’s ability to function
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properly and can, therefore, extend the illness of a patient in the ICU [20]. Current research
indicates prolonged sedation, ventilation, and immobilization as leading risk factors for
ICU patients developing PICS [21].

Similar to PTSD, symptoms may last months or years past discharge, depending on the
patient. The main characteristic of PICS is that these symptoms arise or are worsened after
recovering from a critical illness. These symptoms interfere with the patients’ quality of
life and, therefore, should be addressed and/or prevented.

Educational Feature: ICU Delirium Testimonial - | Was So, SO Consumed by Anxiety

“I don't remember most of the 40+ days | spent
fighting ARDS in the ICU. | do remember bits,
like snapshots — my Dad’s warm wave and
greeting when he arrived; | remember my Mom
and sister lovingly giving me a bed-bath; |
remember Dr. Wheeler and others talking. | also
remember being asked questions over and over
and answering by squeezing the questioner’s
hand. And | remember having my chest tube
removed.

Unfortunately, | also remember being so
overwhelmed by anxiety that my feet were in
almost constant motion, back and forth, back and
forth. My family began to recognize that when |
shook my hands like that with my fingers splayed

it meant that | wanted medication to help me
tolerate the anxiety. They couldn’t always give me
anything.

Part of the time, | thought | was being
restrained by elastic bands that held me down
so that | couldn’t move. The walls around me
looked like | was being held in a multi-level
pagoda. In my mind, | was plotting my escape to
home, thinking | could pick at the threads of the
imagined sewn elastic restraints and set myself
free. Randomly | saw small Asian people who
wouldn't look at me and | saw a black cat and a
black pot-bellied pig. All the while, | was so, SO
consumed by anxiety. Just remembering brings
back shadows of anxiety.”— Anonymous [23]

16.2.5 PTSD and PICS: Possible Treatment Overlap

As discussed in the previous two sections, there exist many similarities between PTSD and
PICS. Both conditions are under the category of trauma- and stressor-related disorders and
are characterized by lasting and inhibiting physical, cognitive, and psychological symp-
toms caused by some form of trauma. PTSD can be triggered by any traumatic event and
may only affect the person who is directly involved. On the other hand, PICS is exclusive to
post-ICU stays and may also present in other members in relation to the admitted patient.
The invasive nature of these symptoms in behavioral and cognitive function highlights the
importance of timely diagnosis and rigorous treatment of these post-trauma symptoms in
order to achieve effective therapy. With these correlations, therapies currently used for people
struggling with PTSD should have a positive effect on both treating and preventing PICS.

— Take-Home Messages

Vulnerable populations include prisoners, abuse victims, chronically ill patients,
and ICU patients.

PTSD and PICS are two similar trauma- and stressor-related disorders triggered
by some form of trauma or stressful incident and present with psychiatric,
cognitive, and physical symptoms.

PICS is caused exclusively after an ICU stay and is largely influenced by the length of
sedation, ventilation, and immobilization. PICS can also affect more than just the
patient experiencing the stressful stay in the ICU, for example, their family.
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16.3 Multiple Modalities of Treatment and Therapy for PTSD

16.3.1 Established Therapy for PTSD

Many modalities of therapy have been established and researched that reduce the symp-
toms of PTSD. Such therapies include interpersonal, behavioral, technological, pharma-
cological, and musical, all of which may be incorporated into a treatment plan individually
or in combination [24]. A patient may, therefore, be prescribed medications to reduce
depression and anxiety, or pharmacological therapy, which is supplemented with social or
cognitive behavioral therapy to encourage healthy thoughts and behaviors. While the
many therapeutic options for PTSD and related disorders vary by efficacy, some are lim-
ited by the lack of study into their effects. Some treatments have been researched in trials
that focus on the individual, some in group settings, and some have been researched in a
very limited capacity. The effectiveness of the selected therapy, or combined therapy
efforts, depends in part on the individual and their specific circumstances and symptoms.
Variables such as age, gender, and proximity to trauma must be considered in the diagno-
sis and treatment of such disorders. Therefore, there is not one exclusive method for treat-
ing all patients with PTSD, but rather a range of established treatment options that may be
recommended depending on physician discretion. Research trials continue to collect data
that inform medical providers on the benefits and drawbacks of each mode of treatment,
as well as investigate novel treatment options for PTSD [25].

16.3.2 Therapeutic Modalities

16.3.2.1 Behavioral Therapy

Behavioral therapy, specifically individual cognitive behavioral therapy (CBT), is a com-
monly prescribed treatment option for patients with PTSD. This approach addresses a
patient’s cognition or thought patterns, as well as behavior, or patterns of action. Mental
healthcare professionals work with patients to understand their impaired thoughts, often
attached to traumatizing memories and stimuli, and adjust their thinking to encourage
healthy thoughts and emotional expression. This therapy aims to teach coping skills so
that patients can manage and reduce symptoms on their own. In modifying the thoughts,
emotions, and behaviors of an individual, this method minimizes the tendency of dis-
torted cognitions to manifest as damaging behaviors. The category of behavioral therapy
also encompasses eye movement desensitization and reprocessing (EMDR). This form of
psychotherapy incorporates exposure to triggering stimuli and uses eye movements to
allow a patient to experience their symptoms of fear and anxiety, understand the roots of
such emotions, and begin to store memories of their experiences with a new and more
positive perspective. Practices such as mindfulness, yoga, and acupuncture are also con-
sidered behavioral therapies that can aid in the management of PTSD symptoms and are
especially popular in Eastern cultures [26]. CBT is typically administered over a period of
months or years and, while an extensive time commitment, can offer a gradual path to
healing via consistent support and guidance.

When assessing treatment options for PTSD, cognitive behavioral therapy is generally
considered efficacious. Especially in initiating cognitive recovery, CBT has proven to be a
crucial step in adjusting distorted cognitions and redirecting behaviors. While CBT is
beneficial to many, Bryant et al. published findings that suggest some limitations to this
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therapy. In patients that exhibit extreme amygdala activity, CBT is far less effective in
providing coping skills. In patients who were less receptive to this treatment, the amyg-
dala, or the component of the brain responsible for regulating fear, experienced an abnor-
mal surge of activity in response to the presentation of feared stimuli [27]. This is assessed
via fMRI, or functional magnetic resonance imaging. Therefore, individual differences
must be considered when devising an individualized treatment plan to treat PTSD. The
implications on PICS are comparable to those of PTSD, as patients in the ICU are exposed
to trauma and experience similar symptoms that impair cognition and behaviors.

16.3.2.2 Technological Therapy

Technological therapy can be used to describe treatment that is implemented through
technology. Internet-based therapy provides a treatment option for patients who are
geographically isolated or hindered from obtaining in-person treatment due to fear of
stigmatization. However, technological therapy often requires access to computers and
various electronics, which creates a barrier to those with financial limitations. Patients
with such limitations are able to receive coaching and gain access to mental healthcare
professionals. New technologies also allow for the exploration of virtual reality. This mode
of therapy immerses the patient in a sensory experience that mimics their trauma, which
can be recreated in a visual, auditory, or haptic manner. Repeated exposure to a given
feared stimulus can allow for an individual to manage their emotions surrounding the
traumatic experience. Facing such anxiety in a safe environment supports a decrease in
stress and increase in emotion management [26].

16.3.2.3 Pharmacological Therapy

Pharmacological therapy is commonly used in symptom management for PTSD and
psychological disorders. The primary focus of pharmacological therapy is on antidepres-
sant medication, with an emphasis on selective serotonin reuptake inhibitors (SSRIs) [25].
While cognitive behavioral therapies have a greater long-term efficacy, medications can be
crucial in creating stability and reducing anxiety while a permanent treatment plan is
established. Other varieties of medication have also been considered as an option in the
prevention and treatment of PTSD. Propranolol, a beta-adrenergic blocker, acts as a pro-
tective measure against the onset of PTSD. As it blocks the reception of the neurotrans-
mitter epinephrine, it allows memories to be stored with less emotional stress. This
dissociation between memory and emotion may help reduce symptoms in PTSD patients.
Prazosin, an alpha-1 adrenergic blocker, works to block excess norepinephrine, a neu-
rotransmitter commonly released at night and correlated with nightmares. This medica-
tion may be beneficial in treating patients experiencing frequent flashbacks and nightmares
[26]. Because PTSD symptoms stem from a fear response, medication can be ineffective in
the presence of traumatic stimuli. Although pharmaceuticals do not address the psycho-
logical origins of PTSD, they assist in symptom management for many patients [26].

16.3.2.4 Group Therapy

Group therapy is often used in the treatment of PTSD and other psychological disorders
to emphasize the importance of social relationships in recovery and promote interper-
sonal connection. Additionally, it identifies the direct impacts of trauma on such relation-
ships and aids in mending or strengthening them. The family members of patients with
PTSD often experience deep grief that can evolve into depression or anxiety. This mode of
relational therapy can help both patients and their family members cope with the trau-
matic experiences that led to PTSD, as well as manage the symptoms of PTSD in a way
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that fosters healthy relationships. Similarly, families of ICU patients experience distress
and can benefit from participating in group therapy. Group cognitive behavioral therapy
(GCBT), while not as well researched as individual cognitive behavioral therapy (CBT), is
also used in treatment plans for PTSD patients. This approach teaches skills that allow
patients to regulate their symptoms of stress and anxiety. The group context in which these
skills are introduced allows for a collaborative learning environment and provides a more
cost-efficient alternative to individual CBT. While the focus of group therapy supports a
patient’s social relationships, GCBT offers cognitive skills and training in a way that can
also facilitate personal connection with others.

16.3.2.5 Therapeutic Music

Collaborative songwriting as therapy has proven to be effective in several vulnerable
patient populations, such as prisoners, soldiers, and those with Parkinson’s disease or
traumatic brain injury. The resulting benefits in these populations can translate to indi-
viduals afflicted with PTSD or PICS. The application of this therapeutic model involves
mentally and emotionally engaging the patient in the process of writing lyrics and music.
The cognitive stimulation of the writing paired with the release that accompanies emo-
tional reflection offers a dynamic combination. In addition to providing an outlet for
expression and a coping mechanism to confront trauma, therapeutic music triggers mul-
tiple sensory pathways and results in an improvement of motor function [28]. While col-
laborative songwriting is not yet broadly practiced, it offers the potential to simultaneously
improve cognitive, emotional, and motor functions in vulnerable populations. This thera-
peutic option will be explored in further detail in the remainder of the chapter.

16.3.3 Translation of PTSD Therapy to PICS: Symptomatic Overlap

While many treatment options exist for patients with PTSD, meta-analyses indicate a lack
of partiality in the literature toward a singular treatment option [26]. As each of the thera-
peutic options previously discussed has proven efficacious in managing some aspect of
PTSD for a given patient population, they have potential in managing and treating compa-
rable afflictions such as PICS. The presentation of PICS, and its similarity to that of PTSD
as shown in @ Fig. 16.5, allows for significant overlap in treatment options. As patients of
both conditions commonly exhibit mental health deterioration in the form of anxiety and
depression, the prescription of antidepressant drugs can help day-to-day management of
depressive symptoms. In both patient populations, behavioral and interpersonal therapies
have the potential to increase the quality of life and aid in the reintegration into society
after a traumatic experience. Patients can also present with cognitive and physical deficien-
cies that result from trauma. In both PTSD and PICS patients, lapses in executive function
and memory can be improved through cognitive behavioral and technological therapies.
Finally, motor delays and other physical impairments can be addressed via pharmacologi-
cal treatments and/or collaborative songwriting. Collaborative songwriting has also proven
beneficial in treating cognitive symptoms of PTSD through emotional reflection and has
significant potential in treating PICS. Because PTSD and PICS pose a multifactorial prob-
lem, as cognitive, emotional, behavioral, and physical consequences must be considered, it
often requires a treatment approach that integrates the strengths of several healthcare pro-
fessionals. Involving an interdisciplinary group of people, in and out of the hospital, proves
important in both addressing symptoms and devising treatment from all angles.
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— Take-Home Messages

PTSD patients may be prescribed some combination of interpersonal, behavioral,
technological, pharmacological, and musical therapy to manage and treat their
symptoms.

CBT can be effective in preventing PTSD and PICS as well as improving individual
functionality that has been impaired by such disorders.

Therapeutic music offers an innovative approach to treat the psychological,
emotional, social, and physical effects of PTSD and merits further study.

16.4 Previous Collaborative Songwriting and Musical
Therapy Studies

Previous research with novel behavioral therapies, specifically musically related, have
proven to be effective in treating both mental and physical post-trauma symptoms in
other vulnerable populations, such as prisoners and ICU patients [29-31]. The musical
and songwriting process is used to reflect on the traumatic experience and the surround-
ing emotions associated. This serves as an outlet for emotion and tool for reflection. With
this evidence, musical therapy treatments could also be beneficial for ICU patients
experiencing post-trauma symptoms or, furthermore, work to prevent these symptoms.

16.4.1 Songwriting with Prisoners

Time spent in jail can be stressful and traumatic. Educational programs have been
shown to support prisoners enter back into society [32, 33]. Group musical therapy
with prisoners was found to be effective in improving anxiety, depression, and self-
esteem [34, 35]. Other groups specifically researched songwriting with prisoners. Their
sessions consisted of group songwriting where the patients could socialize, express
their feelings, and give each other advice and encouragement throughout the songwrit-
ing process. Songwriting therapy was found to improve pro-social skills, self-expres-
sion, relaxation, coping mechanisms, and anger management [29, 30]. The lyrics of
songs written by the inmates in another songwriting program were analyzed using a
coding strategy looking for development of certain positive themes. Their study con-
cluded that the social and collaborative nature of songwriting with incarcerated men
was beneficial in educational, psychological, social, and emotional avenues [36]. This
previous implementation of collaborative songwriting and other forms of musical ther-
apy prove to be effective in improving anxiety and overall self-esteem for the vulnerable
population of incarcerated men.

16.4.2 Musical Therapy for Parkinson’s Disease

Parkinson’s disease (PD) is a neurodegenerative disorder that primarily causes a num-
ber of movement complications, including tremors, bradykinesia, and rigidity. There are
several pharmacological treatments for PD that can also be complemented by behav-
ioral therapies, such as musical therapy. To implement music into therapy for physical
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conditions, there must exist a link between the motor and auditory systems that has a
true effect on physical conditions as it does with psychological. This link between the
motor and auditory system is demonstrated at every concert, music lesson, and even car
ride. When we hear music, it is a natural response to tap a finger or foot in rhythm with
the beat. Rhythm is the local organization of musical time. It is the pattern of temporal
intervals within a musical measure or phrase that in turn creates the perception of
stronger and weaker beats [37].

To confirm this auditory-motor connection, researchers conducted two functional
magnetic resonance imaging studies (fMRIs) to confirm that an auditory-perceptual event
dissociated from an action process can still engage the motor system. In other words, it is
known that thinking about a movement activates motor regions, but without the cognitive
thought of a movement, is there still activation in the motor regions? The study was split
into two groups. The first group participants were told to listen to the music in anticipa-
tion of tapping and, then later, to tap their finger along with the rhythm. The second group
participants began by naively listening to the music without any instruction or action of
finger tapping and then later were told to tap along with the rhythm. The findings indi-
cated that the same motor regions of the brain were activated for study 1 with anticipation
and study 2 naive listening, showing similar brain activation for motor and perceptual
events initiated by the auditory system. This indicates that there exist an action-perception
process and an inherent link between auditory and motor systems [35].

Through this research, the auditory-motor connection that would prove to be crucial
to therapy in patients with PD is confirmed. With this auditory-motor connection in
mind, musical therapy was used to improve both the motor and emotional symptoms of
patients with PD. The musical therapy sessions included choral singing, rhythmic and free
body movements, and active music involving collective invention. The effectiveness of the
therapy was assessed by comparing pre-and post-test scores of the Unified Parkinson’s
Disease Rating Scale, Parkinson’s Disease Quality of Life Questionnaire, and Happiness
Measure. Overall, this study found musical therapy to be effective for motor, emotional,
and behavioral functions in patients with PD. [28] The results of this study emphasize the
impact that musical therapy has not only on emotional symptoms but also the physical
symptoms of patients with PD and other vulnerable populations.

16.4.3 ICU Diaries: Proactive Self-Reflection

Knowing that PICS may develop during a patient’s ICU stay, is there something a patient
could do while in the ICU to prevent PICS symptoms from developing? In other terms -
proactive therapy rather than reactive. A number of ICUs have conducted studies of dia-
ries kept by healthcare providers recording the treatment for the duration of a patient’s
stay to assess its effectiveness on patient recovery. The requirements for the diary included
secure diary storage, Polaroid camera, and diary guidelines at every bed space. The diary
was kept by relatives, nurses, and others in simple language. A photograph was taken of
the patient at the start and points of change. The diary contained daily information about
their physical condition, procedures and treatments, events occurring on the unit, and
significant events from outside the unit [38].

After their discharge from the hospital, patients were given the diaries to review.
In 2010, study assessed patients using the ICU Memory Tool (ICUMT) on any delusional
memories that had formed, and patients were given the diary that had been kept for them
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during their ICU stay [31]. The study found that a diary explaining what happened to the
patient in ICU was able to help patients fill in gaps in their memories, place any delusional
memories into context, and aid psychological recovery. The study also notes that the dia-
ries were beneficial to family members in their memory of the ICU stay to communicate
better with the patient about their treatment. Other ICU diary studies also found a reduc-
tion in incidence of depression and anxiety for the patients and families based on the
Hospital Anxiety and Depression Scale [38-40].

This study indicates that the practice of self-reflection and memory rehearsal are
effective in not only treating but preventing post-trauma symptoms in ICU patients.
The approach is similar to one of the goals of cognitive behavioral therapy, that the
therapy serves to change how a patient thinks about their traumatic experiences. With
this knowledge and detailed record of one’s ICU stay, collaborative songwriting
therapy can be more effective in reflecting and understanding the traumatic stress the
patient experienced during their stay. The practice of diary keeping along with
memory rehearsal is similar to the self-reflection implemented into collaborative
songwriting therapy. In this sense, collaborative songwriting is the musical exposition of
the ICU diary.

Educational Feature: Case Study, M.

— Take-Home Messages

M., an 18-year-old Caucasian female, began
individual musical therapy sessions at the age of
16. M. was placed in foster care at the age of 13
after growing up with an abusive and alcoholic
father. She continued to be abused in foster case
and was once again removed from her living
situation and placed into another foster home,
where she resided at the time of this study.

M!s communication skills were limited at
the beginning. She often spoke softly and
rapidly and was very self-critical. M. attended
musical therapy in a private practice setting 1
session per week for a |-hour period for a total
number of 75 sessions spanning a 26-month
period.

To write the lyrics, M. and the therapist used
brainstorming to make lists of and identify
keywords and phrases to describe specific
topics. After completing four songs and using

musical therapy sessions to process her
conflicting feelings, M. began to find things
about herself that she liked. Creating songs
provided M. with a much-needed means for
expressing some of her painful and hidden
emotions. As she was able to express some of
these feelings, she began to discover her own
strength and value. As a result, M. became more
assertive with her ideas, and she experienced a
newly found confidence in her ability to make
decisions.

This study of the musical therapy experi-
ence of one adolescent suggests that songwrit-
ing can be an effective therapeutic tool when
working with the sexual abuse survivor. Ms
progress in musical therapy demonstrates ways
in which songwriting can help build self-esteem
and provide survivors with a much-needed
outlet for self-expression [41].

Songwriting with prisoners is effective for improving emotional issues.
Musical therapy is effective on motor, emotional, and behavioral functions in

patients with Parkinson’s disease.

ICU diaries were effective in aiding psychological recovery to prevent the onset
of PTSD symptoms in ICU patients. They can also be used as reference points for

songwriting therapy.
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16.5 The Creative Process in Therapeutic Music: Benefits of Lyrical
and Non-lyrical Composition

16.5.1 The Importance of the Creative Process

The ultimate goals of therapeutic music parallel the objectives of all modalities of psycho-
logical therapy. In short, it aims to improve mental health by introducing coping mecha-
nisms that can be used to manage stress, anxiety, and depressive symptoms. Based on the
existing literature on therapeutic music, this method of treatment improves the psycho-
logical well-being of the recipients as well as increases emotional regulation, motor func-
tionality, and social reintegration. Additionally, it is shown to minimize psychological
disorders, suicides, and overall economic burden in post-ICU patients [42]. The efficacy
of this treatment in a wide range of applications prompts further investigation into the
importance of the creative process of songwriting in an individual’s healing.

The creative process of collaborative songwriting requires patients to deeply engage
with their emotions, as well as describe what they are feeling through language. Even in
non-lyrical musical therapy, the creative process involved in making music offers an emo-
tional release, an outlet to express oneself in an artistic and meaningful way, as well as the
ability to create a positive acoustic space. In this way, songwriting prompts coping and
healthy emotion management, especially while revisiting emotions that characterize
trauma. The exercise of songwriting, with or without lyrics, also requires a trained music
therapist, as it involves the composition of music and creates an acoustic environment. As
such, it requires interpersonal interaction and therefore fosters greater social functioning.
Patients not only practice confronting their psychological burdens, but they do so in the
presence of others, learning to expose their fears in a healthy and constructive way.

PICS patients, like PTSD sufferers, struggle to manage the fear response to stimuli that
remind them of a traumatic experience. While the triggering stimuli may differ, both
populations must learn to reintegrate into society despite psychological disturbances that
cause anxiety, stress, and lack of emotion management. The creative process of songwrit-
ing redirects the emotion attached to trauma from internal stress toward a production of
lyrics and instrumentals to encourage coping. In addition, the successful creation of a
song as a product of therapy can lead to improvements in self-esteem and overall happi-
ness [41]. Insight into the application and results of collaborative songwriting can be
offered by the educational feature of “patient M.” above. The benefits of such therapy
extend beyond the intended psychological improvements to increase social and emotional
functioning, enhancing the quality of life for post-ICU patients.

Finally, the benefits from the non-lyrical aspect of musical therapy include improve-
ments in motor function as well as increases in relaxation and overall mental health. The
link between auditory engagement and movement, investigated via auditory-motor neu-
rons, incorporates an element of physical well-being to musical therapy, which is espe-
cially crucial for ICU patients with motor impairments [35]. The mental outlet for
enjoyment and rest that music provides allows patients to temporarily escape their unde-
sirable surroundings to focus on mental healing, rather than purely physical [29]. While
the process of music creation has proven beneficial as a therapeutic method, the aspect of
lyrical composition and expression of emotion through language may offer additional
advantages.
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16.5.2 Comparing Lyrical Versus Non-lyrical Therapeutic Music

Within the umbrella of musical therapy and collaborative songwriting exist several treat-
ment approaches, including lyrical and non-lyrical composition techniques. Non-lyrical
musical therapy can include active participation in music composition as well as active
listening, in which one allocates their attentional resources to music as therapy. Non-
lyrical musical therapy also plays a more general role when it establishes the tone of the
acoustic environment in the ICU. Exposure to music in a setting such as the ICU is thera-
peutic in its promotion of relaxation and mental escape, which may alleviate stress and
anxiety and, in turn, promote improvement in the mental stability and well-being of
patients with PICS symptoms. As it induces relaxation, it may consequently improve
physiological outcomes as well. An increase in relaxation may help stabilize the heart rate
and breathing of critically ill patients, allowing the origin of an illness to be addressed and
treated [43]. It also improves quality and quantity of sleep, allowing the body extended
time to heal. Because it is the auditory-motor pathway that allows musical therapy to
improve motor function, non-lyrical music may be sufficient to stimulate a motor response
and encourage physical rehabilitation [28].

Finally, a study in 2009 provides evidence that musical therapy is beneficial to patients
that have sustained traumatic brain injuries by improving aspects of executive functioning
[44]. Thaut, prolific in the field of musical therapy, also stresses that one’s behavior is influ-
enced both by music and how it is both perceived and experienced. This finding supports
musical therapy, not only as a means of achieving social and emotional improvement for
patients but also as a central mode of neurobiological treatment and recovery for PICS
[44]. Music perception stimulates cognitive processes and thus promotes improvement in
executive function and mental flexibility. This increases a patient’s ability to manage and
shift attention between different tasks. Cognitive stimulation also improves emotional
adjustment with regard to overcoming depression and anxiety [44]. A second finding
reports that patients who suffer from disorders of consciousness demonstrate more pro-
gressed cognitive functioning when they are exposed to music they prefer, as opposed to
an alternative sound experience [45]. Such studies recognize the potential of music to
advance the cognitive recovery of patients. While non-lyrical musical therapy provides a
myriad of neurocognitive benefits, the positive consequences of collaborative songwriting
may be more extensive for some patients due to the added emotional and psychological
benefits.

In addition to all the benefits previously discussed, collaborative songwriting provides
an outlet for individuals to express their emotions. Because it often involves a patient’s
composition of words, it demands a deep level of emotional engagement. While address-
ing thoughts and emotions that are associated with trauma can be emotionally taxing at
times, it provides an opportunity for greater psychological healing. It also allows for the
healthy expression of grief and anger and contributes to a more positive overall effect. If
collaborative songwriting is established as a long-term course of treatment, it can reveal
the psychological progress of the patient. As original thoughts are the product of each
therapy session, each song, or the evolution of sequential songs, can be assessed and used
to gauge mental status and stability [41].

While lyrical musical therapy has added benefits, it is not always the most practical
treatment option. As it combines the composition of both music and lyrics, it is typically
accomplished with a professional songwriter, which can be a limiting factor in terms of
time and availability. Considerations must also be made regarding cost, patient age and
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background, as well as patient literacy; however, even for patients who lack proficiency in
writing, practicing attaching words to emotions provides an added educational benefit
[36]. Collaborative songwriting, although typically implemented with lyrics, can be done
with or without a lyrical aspect involved. Whether lyrical or non-lyrical, musical therapy
offers an innovative treatment option with minimal risk and maximal reward. Its potential
to improve patient outcomes within the ICU as well as prevent and manage symptoms of
PICS warrants further exploration and research.

16.5.3 The Acoustic Space of the ICU

As hospitals are designed to be sterile and efficient, they lack a sense of comfort that pro-
motes healing and relaxation. Especially for critically ill patients that are cared for in the
ICU environment for extended periods of time, the physical space could possibly contrib-
ute to symptoms of anxiety and depression. One way to transform the ICU into a more
positive and healing atmosphere involves changing the acoustic space. Due to the monot-
onous beeping of patient monitors and medical devices, the ICU creates a stressful envi-
ronment for the critically ill and their families. The incessant noise disrupts sleep and
recovery, yet slight changes in the chirping of a monitor may generate fear. Because patient
monitors have a low positive predictive value, an increase in volume of an alarm is rarely
an indication of a real threat to patient safety; however, patients and families may feel
neglected when caregivers respond to their alarms with a lack of urgency or timeliness.
Although a delayed response time is typically a reflection of the caregiver’s awareness of
their patient’s true urgency of care, it may be perceived as a lackadaisical approach [46].

The noise pollution of beeping monitors can also be detrimental to a clinician’s ability
to detect and effectually respond to shifts in patient alarms. Excessive environmental
noise, such as slamming doors, people talking, and unattended monitors, can also hinder
the accuracy and response time of a physician or nurse when responding to an urgent
patient need [47]. To address this, the literature has suggested redesigning patient moni-
tors with the expertise of an interdisciplinary group including, but not limited to, music
therapists. Well informed on the cognitive aspects of pitch and tone, these professionals
may offer ideas and insight into redesigned patient monitors that accurately reflect urgency
and fluctuations with more pleasant sound [48].

16.5.3.1 The Sound Experience

After a prolonged hospital stay during which she was overwhelmed by the dissonance of
typical hospital noise, sound alchemist, Yoko Sen, began her work, entitled “Transforming
the Sound Experience in Hospitals” [49] As a patient, Sen experienced sound in a way that
she believed negatively interfered with her recovery. In her attempts to improve the sound
experience, Sen created meaningful ways to integrate music into hospitals for both patients
and clinicians. Her novel research includes investigating the potential effects of designated
tranquility rooms for healthcare providers. Even brief immersion in a tranquil environ-
ment that includes soothing music, dimmed lights, and pleasant scent may promote their
own restoration and focus [49]. This may subsequently improve patient interactions and
outcomes. Finally, she proposes that patients prefer “human-centered” sound, including
music and sounds of nature, rather than the “disease-centered” sounds of monitors and
machines. An adjustment to the overall sound of the ICU could prove very beneficial in
improving the health and happiness of the critically ill.
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The introduction of musical therapy, tranquility rooms, and adapted patient alarms
that better convey physiological information at a noise level that reflects the urgency of
patient need would not only produce therapeutic results, but it would also shift the dynamic
of the ICU to a more pleasant one. As Yoko Sen acknowledges, a human’s auditory abilities
are the last of the five senses to cease upon death. As sound is the final earthly connection
that patients experience when dying, a more positive acoustic space is necessary.

16.5.4 Implementation and Cost Considerations

The implementation of a musical therapy program into an ICU or an entire hospital
requires significant cost considerations. Whether lyrical or non-lyrical music composition,
a board-certified music therapist is necessary to conduct treatment. Like many psycho-
logical therapies, this cost could fall under the responsibility of the individual patient; how-
ever, those with low socioeconomic status or no insurance are at a disadvantage and are
economically unable to comply with their prescribed treatment plan. If the hospital were to
absorb the salary of a full-time music therapist, it may have to adjust costs elsewhere, but it
would be more widely beneficial. One possible method of integration could involve the
presence of a music therapist during rounds with the ICU team. This approach would allow
the therapist to become familiar with each individual patient so that they can best generate
a musical therapy plan that targets specific patient needs. Increased access to musical ther-
apy also allows for further research into its value as a method of treatment. Furthermore,
the long-term economic impact of more PICS patients in the workforce because of musical
therapy may merit government funding to assist in implementation of the program. While
there is no current model of implementation or application of musical therapy on a large-
scale, the effects of the treatment suggest that its benefits would extend beyond the patient.

— Take-Home Messages

The process of music creation offers therapeutic benefits to PTSD and PICS
patients.

Collaborative songwriting can include lyrical and non-lyrical, both of which
provide patients with cognitive stimulation and allow them to express their
emotions in a creative way.

The acoustic space of the ICU can be detrimental to both patients and physicians
but may be improved through implementing therapeutic music, introducing
tranquility rooms, as well as adjusting patient monitors.

The application of musical therapy in hospitals may differ based on cost consid-
erations.

16.6 Assessing Effectiveness of Novel Therapies

There needs to be a method for assessing the benefit of these novel approaches to treat-
ment. When examining the symptoms of post-traumatic disorders, they all interfere the
daily life of those who are experiencing these symptoms. One possible option is an assess-
ment of a patient’s ability to complete their activities of daily living (ADLs) and instru-
mental activities of daily living (IADLs).
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ADLs can be represented by the acronym “DEATH”: Dress, Eat, Ambulate, Toilet,
Hygiene. “If you can’t do your ADLs, you're dead” [50]. While a bit morbid, these post-
trauma symptoms may present serious life impairments and challenges. ADLs are
assessed using the Katz Index of Independence in Activities of Daily Living. Clients are
scored yes/no depending on independence of six daily activities. A 1 is given if the client
can complete the activity independently, and a 0 is given if they cannot. Impairment is
assessed on a 0-6 scale, with 2 or below indicating severe impairment and 6 indicating
full function [51].

IADLs are more advanced skills and assess ability for independent living, such as using
transportation, taking medicine, and managing money. The IADLs are assessed using the
Lawton-Brody Instrumental Activities of Daily Living Scale. Similar to the Katz Index,
patients are scored 0-1 in eight different categories of daily activities that are more
advanced than those assessed on the Katz Index. Impairment is assessed on a 0-8 scale,
with 0 indicating low function, high dependence, and 8 indicating high function, low
dependence [52]. Both the ADLs and IADLs are critical for self-care and must be addressed
in a patient to determine their level of individual function.

Take-Home Messages

ADLs and IADLs are critical assessments to determine level of individual function
and, therefore, benefit of therapy treatment.

PTSD and PICS both severely impair day-to-day functionality, and individual
considerations must be made when devising treatment plans.

16.7 Recovery and Functionality

The symptoms of PTSD and PICS are debilitating and often impede daily living. In popu-
lations with high rates of PTSD in children, such as war-torn nations, the use of narrative
exposure therapy shows potential to improve neurocognitive recovery [53]. Furthermore,
preventing PTSD from manifesting in children who have been exposed to trauma is a
challenge. Some studies argue that early interventions focused on cognitive behavioral
therapy minimize the risk of developing chronic PTSD [54].

Like many psychological disorders, both PTSD and PICS have the potential to severely
impair an individual’s physical and emotional functionality. This includes the ability to
operate normally in social relationships, manage emotions, cognitively process informa-
tion, and maintain physical health. The functional recovery process for patients with
PTSD and PICS can be extensive and require several methods of therapy used in conjunc-
tion. Just as war veterans and trauma victims are challenged with the repercussions and
ongoing symptoms of PTSD, PICS patients must prepare to integrate into normal life after
their release from the hospital.

In a study by Maier, the pattern of functional recovery was evaluated in healthy patients
after the administration of general anesthesia. By measuring brain function with electroen-
cephalography, researchers could monitor the order in which cognitive functions, such as
memory, attention, and logic, return. Neurocognitive testing can be administered by com-
puter and can include assessments such as the “Motor Praxis Task,” which is a time-sensitive
test of the sensorimotor cortex and requires patients to track and click certain areas of the
screen. The “Psychomotor Vigilance Test” records reaction times to a presented stimulus and
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does not produce scores that improve with practice, while the “Digital Symbol Substitution
Test” analyzes the functionality of the temporal and prefrontal cortices through the decoding
of symbols. Furthermore, the “Fractal-2-Back” challenges a patient’s ability to engage their
working memory, the “Visual Object Learning Test” measures the memory of three-dimen-
sional structures, and the “Abstract Matching Test” tests the ability of a patient to exercise
executive function in abstract object classification [55]. This evaluation goes beyond the
typical assessment of cognitive functioning that is based on simple commands to gauge a
person’s neurocognitive capabilities and better understand their recovery progress. While a
lack of clear understanding still exists regarding the timeline of patient’s cognitive functional-
ity when emerging from anesthesia, a similar protocol could be developed to assess the
regaining of cognitive abilities in PICS patients. Establishing a standard pattern of neurocog-
nitive recovery could aid caretakers in devising practical treatment plans as well as provide
patients with awareness and expectations of their recovery.

Take-Home Messages

== Searching for a pattern in cognitive recovery and functionality could be benefi-
cial for patients and physicians.

Conclusion

Trauma- and stressor-related disorders such as PTSD and PICS are invasion to multiple ave-
nues of a person’s life. There are various forms of treatment used to treat PTSD, including
behavioral and pharmacological; however, the novel musical approach to both stress disor-
ders proves effective and promising.

In vulnerable populations, such as prisoners, people with chronic disease, and ICU
patients, the central theme of self-reflection and changing the way a person views their
traumatic experience are crucial to the effectiveness of their therapy and, eventually, recov-
ery. In cases like the ICU diaries, patients were able to create a concrete account of their
experience and, when coupled with collaborative songwriting, can turn their experience
into something beautiful and reflective. The creative process involved in music composi-
tion, both lyrical and non-lyrical, is the key to accessing its therapeutic benefits. Musical
therapy, collaborative songwriting, in particular, allows ICU patients a healthy outlet to
express emotion and offers both cognitive stimulation and social interaction. It is also
shown to improve motor function and diminish PICS symptoms such as depression and
anxiety but teaching coping skills.

Musical therapy also has the potential to induce a positive shift in the acoustic space of
the ICU. Noise pollution from patient alarms and the overall hectic atmosphere of a hospital
can be detrimental to recovery. As musical therapy has the power to establish a more posi-
tive acoustic environment, it can improve the health and sound experience of the critically
ill. While the implementation of this therapy is dependent on different cost considerations,
integrating a music therapist into patient rounds could generate an individualized and
maximally beneficial therapy plan.

Finally, it is important to establish methods of measurement for patient progress as well
as maintain perspective regarding the path to recovery. Scales such as the Katz and Lawton-
Brody help provide insight on the effectiveness of an individual’s treatment. Future research
is necessary to establish a standard for recovery and a timeline of functionality but would
be highly beneficial in creating awareness among PICS patients and caretakers.
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PICS poses a threat to the emotional, mental, physical, and social well-being of the criti-
cally ill. Standard treatments show success in some patients, but not all. To address all
patients and continue to advance in medical care, novel therapies need to be utilized.
Collaborative songwriting demonstrates success in improving a patient’s symptoms, quality
of life, and overall treatment. Where traditional treatments fall short, collaborative songwrit-
ing and other novel behavioral therapies are there to continue on the road to full recovery.
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Learning Objectives

After reading this chapter, the learner will be able to understand:

== That anxiety, depression, and post-traumatic stress disorder (PTSD) symptoms are
frequent in relatives of ICU patients

== The importance to decrease family burden and how to implement several strategies to
lessening them

== That up to 40% of family members suffer from at least one psychiatricillness 1 year
after the patient’s ICU stay

== How a family information leaflet, an appropriate waiting room, and the use of an ICU
diary and of an ICU communication facilitator should be implemented by the ICU team

17.1 Introduction

In recent years, while technical improvements have been translated into increase of sur-
vival rates in critically ill patients, physicians and nurses in intensive care units (ICUs)
have developed a strong interest in family members, creating the concept of family-centred
care [1-4].

Awareness of the distress experienced by families of ICU patients is increasing, and
family members are no longer considered as simple visitors to the ICU. On the contrary,
family members receive dedicated communication aiming to reduce their psychological
burden during and after the ICU stay. Studies have been conducted both to assess the
health impact of the ICU experience on family members and to measure the effects of
preventive interventions. Anxiety, depression, post-traumatic stress disorders (PTSD),
and cognitive dysfunction are the main psychological impairments observed in family
members. These conditions are known as post-intensive care syndrome - family, or
PICS-F [5]. Strategies aiming to decrease family burden in ICUs [6] will be detailed in this
chapter and are summarized in @ Figs. 17.1 and 17.2.

Family information
leaflet

Patient o Appropriate waiting room
discharge o ICU diary
o Consider ICU
communication facilitator

Post-ICU availability

Perform LRy

end-of-life care
conferences

End-of-life During the
situations patient’s stay

Referent physician

Regular nurse-physician meetings
Avoid contradictions
Nurse-physician availability
Assess family burden

Formal family meeting at Day 3

o Ensure patient comfort
o Discuss family presence

O 0 00 0O

Empowerment of the family:
decision-making and implication

O Fig. 17.1 Tools and strategies available to decrease family burden in intensive care units. ICU
intensive care unit
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o Discuss spiritual needs ( Possible presence during

o Discuss presence at III cardiopulmonary resuscitation
time of death in prehospital cardiac arrest

o If needed, ask for Enciealire
post-death meeting

situations

Consider
participating in
research
protocols!

FAMILY

At patient
admission

o Involvmentin every day Durllng the
patient care patient’s stay

o Stay in contact with
family doctor

o Consider writing in the ICU diary

o Read the
information leaflet
o Ask questions

@ Fig. 17.2 Empowering family members to decrease their burden in intensive care units. ICU
intensive care unit

17.2 Anxiety and Depression

Anxiety and depression are symptoms that can considerably alter a person’s quality of life
and can hinder their understanding of a situation. Symptoms of anxiety and depression
can be detected using the Hospital Anxiety and Depression Scale (HADS) developed by
Zigmond and Snaith in 1983 [7] which is a 14-item self-screening questionnaire. Seven
items evaluate depression and seven items assess anxiety. Each item is scored on a 0-3
scale, so that scores can range from 0 to 21 for anxiety and 0 to 21 for depression. The
HADS takes only 2-5 min to complete. These symptoms are common in relatives of ICU
patients, as shown in many studies.

In a French prospective multicentre study [8], symptoms of anxiety or depression were
present in 73% of family members and 84% of spouses. Risk factors for anxiety and depres-
sion symptoms were identified, including non-modifiable factors such as age and female
gender. Modifiable factors were the absence of regular physician and nurse meetings, the
absence of a room used only for meetings with family members, the absence of a waiting
room, and perceived contradictions in the information provided by caregivers. When
defining the organization and policies of their ICU, caregivers should bear in mind the
need to decrease the risk of anxiety and depression in family members. Based on these
data, these steps should include holding regular nurse-physician meetings to discuss
patient and family needs, having a dedicated information room, having a waiting room,
and ensuring that there are no contradictions in the information given to families. In a
complementary study [9], it was found that in 54% of cases, the representative failed to
understand the diagnosis, prognosis, or treatment of the patient. Physician-related factors
of poor comprehension were a first meeting with representative <10 min and failure to
give the relative an information brochure.

In order to improve family members’ experience, a preventive strategy, aimed to
increase family understanding and satisfaction and decrease symptoms of anxiety and
depression, was assessed, using a family information leaflet (FIL), in addition to standard
information [10]. The leaflet aims to give simple, practical information to people whose
relatives are admitted to the ICU. It includes general information about the ICU and hos-
pital, with phone numbers, visiting hours, a diagram of a typical ICU room, and a glossary.
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A prospective randomized controlled trial [10] was performed in 34 French ICUs, assess-
ing comprehension of diagnosis, prognosis, treatment, satisfaction with information, and
anxiety and depression according to the providing or not of the FIL. Interestingly, anxiety
and depression rates were not significantly different between the two randomized groups,
whereas comprehension and satisfaction in the representatives with good comprehension
were significantly improved in the FIL group.

In spite of an increase in ICU survival rates, end-of-life in these units remains fre-
quent. The implications are major not only for patients but also for relatives, with impor-
tant consequences for our health-care system. Family burden (i.e. the negative impact of
ICU experience) increases when the patient dies in the ICU [11]. Different strategies have
been tested, both during the patient’s hospitalization and after the patient’s death, to
improve family experience in the months that follow the patient’s death.

Among these strategies, end-of-life family conferences have been developed. These are
formal, structured meetings between intensivists (physicians, nurses, etc.) and family
members. During these conferences, family members and ICU caregivers discuss the
patient’s situation in a quiet room. Ideally, family members are given opportunities to ask
questions, express concerns, and confront painful emotions with the help of empathetic
professionals. End-of-life conferences were specifically assessed in family members of 126
patients dying in 22 ICUs in France in a randomized controlled study [12], showing that
these meetings are associated with a significant decrease in anxiety and depression symp-
toms 3 months after the patient’s death. These results further highlight that quality of com-
munication is at the heart of family members’ experience.

Strategies to improve family experience are most often developed during the patient’s
ICU stay. However, a recent multicentre randomized controlled trial [13], the first strategy
testing outside the ICU, was designed to test the hypothesis that a condolence letter, com-
pared to no condolence letter, could reduce grief symptoms in families of patients who
had died in the ICU. Among the 242 patients, 123 were included in the intervention letter
group and 119 in the control group. After 6 months, the results were unexpected: the
HADS score was significantly worse in the intervention group than in the control group.
The prevalence of depression symptoms and the HADS-depression subscale score were
also higher in the intervention group. The use of a systematic condolence letter does not
seem useful to reduce symptoms of anxiety and depression in families.

Different end-of-life situations coexist in ICUs, including brain death followed by
organ donation request. Family members are at the centre of the decision process as within
a limited time frame the team will first announce brain dead and approach relatives about
organ donation. Experience of the organ donation process and grief symptoms in relatives
of brain dead patients who discussed organ donation in the ICU was recently assessed in
a multicentre longitudinal study in 28 ICUs in France [14]. Relatives of non-donor patients
reported less support both from the ICU team and during discussions with the coordina-
tion team. They were less satisfied with communication with the ICU team and reported
less communication about organ donation with the ICU clinicians than relatives of donor
patients. More than half of the relatives of non-donors described the decision as difficult
and were dissatisfied with the process. Interestingly, the decision to consent to or to refuse
organ donation was not associated with anxiety or depression over the 3 months that fol-
lowed the patients death. However, this study highlights the importance of quality com-
munication whatever the family’s decision.

The main studies assessing anxiety and depression of families are shown in @ Table 17.1.
Clinicians should be aware that anxiety and depression symptoms are frequent in relatives
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B Table 17.1

Study

Pochard et al.
CCM 2001 [8]

Azoulay et al.
AJRCCM 2002
[10]

Azoulay et al.
CCM 2004 [15]

Lautrette et al.

NEJM 2007
[12]

Garrouste et al.

CCM 2012 [16]

Jabre et al.
NEJM 2013
[17]

Curtis et al.
AJRCCM 2016
[18]

Type of study

Prospective
multicenter study
in 43 ICUs

Prospective
randomized trial
in 34 French ICUs

Prospective
multicenter study
in 78 1CUs in
France

Prospective
multicenter study
in 22 ICUs

Prospective
single-center
study

Randomized
multicenter study
in 15 prehospital
emergency
medical service
units

Randomized
bicenter trial in
two hospitals

Number
of family
members

920

175

357

126

143

570

268

Main studies assessing anxiety and depression

Main results

Symptoms of anxiety or depression were
present in 72.7% of family members.

Three groups of factors associated with
symptoms of anxiety were identified:
patient-related (absence of chronic disease),
family-related (spouse, female gender, desire
for professional psychological help, help
being received by general practitioner), and
caregiver-related (absence of regular
physician and nurse meetings, absence of a
room used only for meetings with family
members).

Three groups of factors associated with
symptoms of depression were identified:
patient-related (age), family-related (spouse,
female gender, not of French descent), and
caregiver-related (no waiting room,
perceived contradictions in the information
provided by caregivers).

If comprehension and satisfaction were
improved in family information leaflet group
compared to control group, anxiety and
depression assessed using HADS score did
not differ between groups.

The HADS score indicated anxiety in 399
(73%) family members and depression in
192 (35%).

The median HADS score was lower in the
intervention group (end of life family
conference), and symptoms of both anxiety
and depression were less prevalent.

An ICU diary significantly decreased anxiety
at 3 months, but not depression.

In the intervention group, 211 of 266 relatives
(79%) witnessed CPR, as compared with 131
of 304 relatives (43%) in the control group.
Relatives who did not witness CPR had
symptoms of anxiety and depression more
frequently than those who did witness CPR.

An ICU communication facilitator was
associated with decreased depressive
symptoms at 6 months.

(continued)
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B Table 17.1 (continued)

Study Type of study Number Main results

of family

members
Kentish- Multicenter 242 In relatives of patients who died in the ICU, a
Barnes et al. randomized trial condolence letter failed to alleviate grief
ICM 2017 [13] in 22 ICUs in symptoms and may have worsened

France depression symptoms.

Kentish- Multicenter 202 Experience of organ donation processes
Barnes et al. longitudinal varies between relatives of donor versus
AJRCCM 2018 study in 28 ICUs non-donor patients, the latter experiencing
[14] in France more difficulty and burden. However, the

decision to donate (consent/refusal) is not
associated with grief symptoms.

ICU intensive care unit, HADS hospital anxiety and depression scale

of ICU patients, especially during and after end-of-life situations. A family information leaf-
let at the ICU patient admission [10], an appropriate waiting room, regular nurse-physicians
meetings to discuss patient and family needs and to avoid contradictions [8], and end-of-life
family conferences [12] could help reduce anxiety and depression symptoms of ICU patients’
relatives (B Fig. 17.1). Interestingly, a recent qualitative study showed that participation in
bereavement research is often beneficial for family families and can be developed [19].

17.3 Post-traumatic Stress Disorder

PTSD is a psychological reaction resulting from a situation in which the physical and/or
psychological integrity of the patient and/or his/her relatives has been threatened and/or
actually affected (including serious accident, violent death, rape, aggression, illness seri-
ous, war, and attack). The coping skills of the subject are overwhelmed. The immediate
reaction may have been intense fear, helplessness, or horror. In DSM-5, PTSD belongs to
the trauma and stress-related disorder category. Individuals who suffer from PTSD sys-
tematically avoid any event or discussion leading to his emotions. Despite these strategies,
the event keeps coming back to the person’s mind in flashback or nightmare. PTSD can
lead to clinical impairment in important areas of functioning.

PTSD is not rare for families of ICU patients. In a longitudinal European study of
Azoulay et al. [20], the stress-related morbidity among family members 90 days after ICU
discharge or death was assessed and showed that post-traumatic stress reaction, defined as
an impact of event scale (IES) score greater than 30, was found in one-third of family
members 90 days after ICU discharge or death of a relative. Risk factors for post-traumatic
stress reaction were information perceived as unsatisfactory and sharing end-of-life deci-
sions, as confirmed in another study of the same FAMIREA group [15]. It was also sug-
gested that empowerment of relatives, involving them in every day patient care, bathing,
feeding, and aspiration [20], could help reduce the occurrence of PTSD.
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PTSD of relatives of dying patients in ICU has been specifically evaluated. An
American study [21] assessed PTSD in family members of patients who died in 11
Washington State hospitals. Families with psychological symptoms were more likely to
report that access to a counsellor (P < .001) and information about spiritual services
might have been helpful while the patient was in the ICU (P = 0.024). The identification
and correction of these factors may help decrease the rate of PTSD symptoms in fami-
lies of end-of-life patients. Another study of the same group [11] focused on PTSD
symptoms among family members of patients who died in the ICU. Family members of
older patients had lower scores for PTSD (P = 0.026). Family members that were pres-
ent at the time of death (P = 0.021) and family members of patients with early family
conferences (P = 0.012) reported higher symptoms of PTSD. When withdrawal of a
ventilator was decided, family members reported lower symptoms of depression
(P =0.033). In order to assess, in a reproducible and standardized manner, the experi-
ence of relatives of patients who die in the ICU, the CAESAR study [22] aimed to
develop a specifically designed instrument. The CAESAR score was computed and was
strongly associated with post-ICU PTSD in the relatives. This score could be used to
identify families at risk and as a primary endpoint in clinical studies. In particular, as
also underlined in the study by Kross et al. [11], the finding that family members pres-
ent at time of death have higher symptoms of PTSD suggests that it may be important
to counsel family members accordingly and to allow each individual to make the choice
that is best for him or her.

Other strategies have been developed to increase both the patient’s and the relatives’
well-being, such as an ICU diary [16]. The ICU diary is written for ICU patients during
their time of sedation and ventilation. It is written by relatives, nurses, and others. Once
conscious, the patient can read the diary in order to better understand what happened in
the ICU. Although the ICU diary was initially developed for the patient, this study shows
that it also affects family members’ well-being and decreases symptoms of PTSD 12 months
after the experience.

As found for anxiety and depression symptoms, end-of-life family conferences may
also help to reduce PTSD symptoms [12]. In a study mentioned above [12], customized
end-of-life family conferences, including provision of a brochure on bereavement, resulted
in longer meetings in which families felt more supported in making difficult decisions,
had more opportunities to speak and to express emotions, were more likely to accept
realistic goals of care, and experienced more relief from guilt. These combined effects
allowed the decrease incidence of PTSD.

In the particular setting of cardiopulmonary resuscitation (CPR) performed outside
the hospital, with subsequent admission to the ICU, a multicentre randomized trial [17]
showed that giving family members of patients undergoing CPR the option of witnessing
the resuscitation sequence was associated with a significantly lower incidence of PTSD-
related symptoms than the standard practice regarding family presence. It is worth noting
that whether or not the family members were offered the choice, more favourable results
of psychological testing were noted when family members were present. This study high-
lights that relatives can sometimes be considered as active partners rather than passive
observers.

Communication with the family of critically ill patients is often insufficient [23], and
poor communication is associated with family distress [12]. In light of these findings, an
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American research team [18] has developed the concept of an ICU communication facili-
tator, i.e. a social worker or a nurse trained to improve communication between the family
and the ICU team. Their interventional study aimed to improve discussions about goals of
care and palliative care in the ICU by improving communication between the families and
the ICU team. However, there were no significant differences in psychological symptoms
at 3 months or anxiety or PTSD at 6 months. The intervention was associated with
decreased depressive symptoms at 6 months.

The main studies assessing PTSD symptoms in family members are shown in
@ Table 17.2. Relatives of patients hospitalized in ICU are at high risk of PTSD symptom:s.
PTSD occurrence significantly alters family, social, and professional life on a daily basis.
To reduce this risk, it is important to improve the quality of communication with the
patient and his family: using an ICU diary to make sense of the stay in intensive care,
psychological support, and improvement of end-life-care and communication. Raising
clinicians’ awareness to this risk makes it possible to identify high-risk individuals and
develop appropriate care for patients and/or their relatives during the ICU stay (8 Fig.17.1)
and in the months following the ICU stay.

O Table 17.2 Main studies assessing post-traumatic stress disorder and cognitive dysfunction

Study Type of study Number Main results
of family
members
Azoulay Prospective 284 Post-traumatic stress symptoms were found in
etal. multicenter 94 (33.1%) family members.
AJRCCM study in 21 ICUs . )
2005 [20] Higher rates were noted among family

members who felt information was incomplete
in the ICU (48.4%), who shared in decision-
making (47.8%), whose relative died in the ICU
(50%), whose relative died after end-of-life
decisions (60%), and who shared in end-of-life
decisions (81.8%).

Lautrette Prospective 126 The participants in the intervention group
etal. multicenter (end-of-life family conference) had a signifi-
NEJM 2007 study in 22 ICUs cantly lower median IES score than the 52
[12] participants in the control group (27 vs. 39,

P =0.02) and a lower prevalence of PTSD-
related symptoms (45% vs. 69%, P = 0.01).

Siegel et al. Prospective 41 In a cohort of bereaved next of kin of patients
CCM 2008 monocenter who died in the ICU, 34% met criteria for at
[24] study least one psychiatric illness: major depressive

disorder (27%), generalized anxiety disorder
(10%), panic disorder (10%), or complicated
grief disorder (5%). Disorders were more
common in spouses than other kinship
relations, those experiencing additional
stressors after the loss, those who said the
patient was ill <5 years, and those who said the
patient’s physician was not comforting.
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O Table 17.2

Study

Gries et al.
Chest 2010
[21]

Kross et al.
Chest 2011
[11]

Garrouste
etal.
CCM 2012
[16]

Jabre et al.
NEJM 2013
[17]

Curtis et al.
AJRCCM
2016 [18]

Kentish-
Barnes et al.
ICM 2016
[22]

Kentish-
Barnes et al.
ICM 2017
[13]

(continued)

Type of study

Substudy of a
randomized
multicenter trial
in 15 1CUs

Substudy of a
randomized
multicenter trial
in 15 1CUs

Prospective
single-center
study

Randomized
multicenter
study in 15
prehospital
emergency medi-
cal service units

Randomized
bicenter trial in
two hospitals

Prospective
multicenter
study in 41 ICUs
in France

Multicenter
randomized trial
in 22 1CUs in
France

Number
of family
members

226

226

143

570

268

600

242

Main results

Prevalence of PTSD and depressive symptoms
were 14.0% and 18.4%, respectively. Family
characteristics associated with increased
symptoms included female gender (PTSD; depres-
sion), knowing the patient for a shorter duration
(PTSD, depression), and discordance between
family members’ preferences for decision-making
and their actual decision-making roles (PTSD;
depression). Depressive symptoms were also
associated with lower educational level.

Family members of older patients had lower
scores for PTSD. Family members that were
present at the time of death and family
members of patients with early family
conferences reported higher symptoms of
PTSD. When withdrawal of a ventilator was
ordered, family members reported lower
symptoms of depression.

An ICU diary significantly affected posttrau-
matic stress-related symptoms in relatives and
surviving patients 12 months after ICU
discharge.

In the intervention group, 211 of 266 relatives
(79%) witnessed CPR, as compared with 131 of
304 relatives (43%) in the control group. The
frequency of PTSD-related symptoms was
significantly higher in the control group than
in the intervention group and among family
members who did not witness CPR than
among those who did.

An ICU communication facilitator was not
associated with significant differences in
psychological symptoms at 3 months or
anxiety or PTSD at 6 months.

The CAESAR score 21 days after death in the ICU
is strongly associated with post-ICU burden in
the bereaved relatives. The CAESAR score
should prove a useful primary endpoint in trials
of interventions to improve relatives’ well-being.

In relatives of patients who died in the ICU, a
condolence letter failed to alleviate grief
symptoms and may have worsened PTSD-
related symptoms.

ICU intensive care unit, CPR cardiopulmonary resuscitation, PTSD post-traumatic stress disorder
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17.4 Cognitive Dysfunction

Though data on long-term outcomes in families is limited, it appears that up to 40% of
family members suffer from at least one psychiatric illness 1 year after the patient’s ICU
stay. Siegel and coworkers [24] performed a small study on the incidence of psychiatric
illness in 41 relatives who were primary surrogate decision-makers before the death of a
relative in a medical ICU. Among the 41 relatives, 34% presented criteria for at least one
psychiatric illness: major depressive disorder (27%), generalized anxiety disorder (10%),
panic disorder (10%), or complicated grief disorder (5%). These disorders were more fre-
quent in spouses (63% vs. 16% of other relatives) and in relatives reporting that the physi-
cian had not been comforting (71% vs. 23%).

While family members are initially relieved that their loved one is “out of the woods”
and leaving the ICU, a new world is just beginning, and adjustments can be difficult to
navigate, let alone recognize. The person who was in the ICU is no longer “just” the
spouse, parent, or child, he or she often becomes a person with multiple needs and, in
some way, remains a patient. Three months after their ICU stay, 40% of patients have
global cognition scores of 1.5 SD which is below the population means [25]. The relative
thus becomes a caregiver and is trusted into a role that he or she is not necessarily
equipped to deal with, especially without the support and all-encompassing care of the
ICU staft. After discharge from the ICU, caregivers frequently realize just how exhausted
they are: physically and emotionally, and perhaps there is a financial toll, as well. The
focus is intently on the patient, as is necessary, while the needs of the caregiver are often
ignored [26]. This can lead to a set of psychological symptoms that family members fre-
quently experience but do not have a means to express, as anxiety, depression, PTSD, or
cognitive dysfunction. Little is known about the real incidence of cognitive dysfunction
in families of ICU patients, in particular in the long run after the patient’s ICU discharge
or death.

17.5 Time Points for Family Management

International guidelines for family-centred care in the ICU have recently been developed
[6]. The time points which are crucial for family management are threefold [27]. First, in
the 48 h following ICU admission, comprehension, satisfaction, and symptoms of anxiety
and depression should be assessed to answer the family’s specific needs, to improve the
likelihood that timely and adequate information is provided, and to screen for symptoms
of anxiety and/or depression which might affect participation in the decision-making pro-
cess. Second, at day 3, a routine formal family meeting should be held, using a communi-
cation strategy that best fits the family’s needs. Specific information requested by families
must be provided, comprehension should be evaluated by reviewing the medical facts, a
care plan should be scheduled, and the family’s hopes should be discovered and discussed.
Third, in case of shift from curative care to comfort care, a formal end-of life family con-
ference helps reduce family burden and may decrease the risk of subsequent complicated
grief. In light of recent interventional studies [13, 28, 29], new communication strategies
for patients discharged alive from the ICU and for their relatives should be developed and
evaluated.
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Conclusion

Anxiety, depression, and PTSD symptoms are frequent in relatives of ICU patients. In order
to decrease family burden, several strategies can be implemented by the ICU team
(8 Fig. 17.1), including empowerment of family members (8 Fig. 17.2). A family informa-
tion leaflet, an appropriate waiting room, and the use of an ICU diary and of an ICU com-
munication facilitator should be implemented by the ICU team. The information given
should be complete, avoiding contradictions. In end-of-life situations, the family may
choose to share or not the decision and to be present or not, the comfort of patient con-
tinuously ensured, and the end-of-life conferences performed. Family members can also be
proactive by asking questions, reading the information leaflet, writing in the ICU diary,
being involved in every day patient care (feeding, bathing, aspiration), and staying in con-
tact with the family doctor.

— Take Home Messages

== The information given should be complete, avoiding contradictions

== Anxiety, depression, and post-traumatic stress disorder (PTSD) symptoms are
frequent in relatives of ICU patients

== |n order to decrease these symptoms, some fundamental steps should be
followed, including regular nurse-physician meetings to discuss patient and
family needs, having a dedicated information room, having a waiting room, and
ensuring that there are no contradictions in the information given to families

== End-of-life family conferences should be developed. These are formal, structured
meetings between intensivists (physicians, nurses, etc.) and family members
during which the patient’s situation is discussed in a quiet room. Ideally, family
members are given opportunities to ask questions, express concerns, and
confront painful emotions with the help of empathetic professionals

= As found for anxiety and depression symptoms, end-of-life family conferences
may also help to reduce PTSD symptoms

== New communication strategies for patients discharged alive from the ICU and for
their relatives should be developed and evaluated

== Physicians, nurses, and family doctors have to stay in contact with family members
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ICU caregivers including physicians, nurses, and nurse assistants are at high risk of moral
distress and burnout [1, 2]. The incidence of burnout among the caregivers varies accord-
ing to medical specialties and differs slightly between the professions. It occurs in 20-50%
of physicians in emergency, surgery, or internal medicine [3-5] and in 30-50% of ICU
caregivers including physicians, nurses, and nurse assistants [1, 6, 7]. The readers might
wonder why the editors inserted a chapter about ICU caregivers inside this book designed
for patients and family members. The reason is that the mental well-being of ICU profes-
sional is of major importance for the care of the patients [8] and at the same degree of their
relatives. Indeed, the caregivers in mental distress are unable to take care of the patients,
are disengaged, and become insensitive to others’ suffering [3].

The preceding chapters report how important is the sustained care for the critically ill
patients, especially when the length of ICU stay is prolonged. In addition, the care for the
chronic critically ill patients can be cumbersome, and their relatives are demanding [9].
These patients require not only the ICU acute care skills but also an additional humane
approach that is time consuming and difficult to provide in this special environment. This
requirement can be a source of stress for intensive caregivers [10].

Other psychological impairments were described among the ICU professional. Indeed,
the prevalence of post-traumatic stress disorder (PTSD) is increased among the ICU
nurses compared to general nurses [11]. The repeated confrontation with suffering
patients and relatives may lead to compassion fatigue [12] that in turn can increase the
feeling of dissatisfaction in the job.

Learning Objectives

The following paragraphs will present the factors associated with the psychological impair-
ment in ICU caregivers and the essential arguments leading to the care of the caregivers.
The diagnostic tools to approach the mental distress among healthcare professionals and
the potential treatments will be addressed.

18.1 The Associated Factors

The factors associated with the occurrence of moral distress and burnout in ICU caregiv-
ers are numerous (8 Table 18.1). Some are general in many healthcare services, whereas
some are specific to the ICU.
Two major factors lead the ICU caregivers to high risk of mental health
disturbances.
Their special personality: the profile of the personal who choose critical care is
remarkable. He/she is conscientious, self-critical, very demanding with oneself,
perfectionist, and (too) much involved in whatever the task and sensitive to others’
feelings but not enough with themselves [18].
The special working environment: the ICU is an incredibly psychologically and
physically aggressive and burdensome work environment for the clinicians. The
critical medicine is a very demanding specialty: it requires a high standard of
knowledge and technicity and actions in tight timeliness, in parallel with human
competence such as empathy. It needs high skills in communication for interpersonal



Psychological Impairment in Professional Caregivers

263 1 8

B Table 18.1 Associated factors with the occurrence of burnout, moral distress, compassion
fatigue, or PTSD among the ICU caregivers

Type of Type of
psychological  caregivers
impairment affected
Burnout Physicians

Nurses, nurse
assistants

Physicians,
nurses, nurse
assistants

Nurses, nurse
assistants

Nurses

Moral distress, Physicians
depression

Associated factors favoring the occurrence

Female gender

Workload (nights, period of work)
Conflicts (with nurses, colleagues)

Older age

Inability to choose days off

No participation in an ICU research group
Conflicts (with patients, head nurse, physicians)
Care for dying patient

Decisions to forgo life-sustaining therapy
Male gender

Being a nurse assistant

Proportion of male nurse among the team
No child

Young age below 40

End-of-life care

Mortality

Lack of patients’ cooperation

Managing work constraints and private life
Always performing

Relationship (patients, families, colleagues)
Staffing

Dissatisfaction with career

Lack of recognition

Too much responsibility

Stress on personal/family life

Keeping up to date with knowledge

Making the right decision alone

References

[13]

[6]

[1]

[14]

[15]
[16]

(continued)
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B Table 18.1 (continued)

Type of Type of
psychological  caregivers
impairment affected
Physicians,
nurses
Physicians,
nurses, and
other (PICU)
Physicians
Compassion Nurses
fatigue or STS

18

Associated factors favoring the occurrence

Perceived inappropriateness of care
Too much care
Symptoms control only by physicians

No involvement of nurses for EOL
decision

Bad collaboration between nurses and
physicians

Freedom to decide how to perform tasks
Poor teamwork
Ethical dimensions of practice

Fear, mistrust, hostility in the management-
staff relationship

Hierarchy

Difficulties in team work

No liberty of expression

Lack of emotional support
Repeated stressful experiences
Organization:

Workload

Impaired relationships
Burnout
BO and CF predict STS
Negative coworker relationship
Years in current position
Hours per shift
Time in direct patient care

Medication

References

[2]

[17]

[12]
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O Table 18.1 (continued)
Type of Type of Associated factors favoring the occurrence References
psychological  caregivers
impairment affected
PTSD Nurses End-of-life care [11]

Postmortem care
Seeing patients die

Verbal abuse (family members, physicians,
nurses)

Wounds, bleeding, injuries
Performing “futile” care
Performing CPR

Workload

PTSD post-traumatic stress disorder, EOL end-of-life, PICU paediatric ICU, STS secondary traumatic
stress, BO burnout, CF compassion fatigue, CPR cardio pulmonary resuscitation

collaboration and supporting patients and relatives in great distress in an atmosphere
of stress and fear of death, where conflicts are frequent. End-of-life decision [19] and
care [1, 6, 13], conflicts [20], and the heavy workload [17] are the most impacting
factors associated with the occurrence of burnout. Lack of meaning of everyday work
contributes to the moral distress of caregivers [2, 11, 21].

18.2 Consequences of Psychological Impairment
Among ICU Caregivers

18.2.1 Why It Is Important to Take Care of the Caregivers

There are two essential reasons why caregivers should be taken cared of: one regards the
quality of care and the second is managerial.

18.2.1.1 Quality of Care

The ICU caregivers need to be in a good mental health to be able to deliver a high quality
of healthcare for the patients. In contrast, when overwhelmed by stress and burned out,
they are prone to lose their sensitivity toward the emotion of patients, relatives, or col-
leagues [22] and may become uninterested by the situation. The doctors in burnout confess
that they changed their practice or attitudes toward patients [3]. For example, they would
discharge patients to make the service “manageable,” order restraints on agitated patient

18
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without evaluating him/her, and not pay attention to the personal impact of an illness on
patient, letting them feel becoming less humane. Under stress, they tended to install limita-
tion of therapy earlier than usual [23]. When the physicians are unwell, the performance of
their care can decrease and be suboptimal [7, 24]. They confess that they would decide
early limitation of therapy when submitted to stress [23].

18.2.1.2 Managerial Concerns
Safety of the Caregivers

Physicians under heavy workload suffer from fatigue and are more at risk of self-injuries
[25], and extended work shifts increase the probability of car crashes on the way back
home [26]. Both risks can lead to absence from work. Fatigue can decrease the concentra-
tion of faculty, eventually leading to medication error [27].

Burnout is also recognized to be associated with other mental ill-being such as sleep
disruption, irritability, cognitive troubles, libido disorders, and depressive symptoms [6].

All these elements may converge into a vicious circle of bad feeling among the caregiv-
ers and entertain the psychological burden.

Caregivers suffering of burnout are more prone to depression [24].

Consequences of Burnout on the Patients and the Service

Professionals subject to burnout tend to abandon their task, regress toward ancillary hab-
its, communicate badly, and show disorganization in their teamwork. The ensuing risks
are conflicts and errors [28]. Such behavioural deterioration of the personal impacts on
the organization of a service increases the delay of action, decreases the performance, and
increases absenteeism and the turnover of the staff that is difficult to recruit. Moreover,
nurses unsatisfied of their job and in burnout perform less well and fail to rescue promptly,
increasing the mortality of patients [15].

Shortage of Caregivers

Professionals suffering from psychological impairment such as burnout want to leave their job
[2, 13, 29]. This is a real concern since the shortage of ICU professional is a real threat for the
quality of care of patients. This shortage was announced long ago [30], and present analysis by
the national centre for health workforce analysis [31] seems to indicate that, in the USA, the
demand in ICU caregivers will be fulfilled. The prediction in other countries is unknown.

18.3 How to Diagnose Mental Distress in an ICU Team

The answer resides in the approach that the service manager would like to install in his/
her service. Indeed, as in the care of patients in critical care, monitoring itself cannot
achieve any result, any improvement for the patient.

However, monitoring is necessary to detect the problem, and the deviation from the
normal ranges may raise the alarm and trigger a corrective action.

Monitoring psychological impairment among caregivers requires a real commitment
from the managers and some manpower.

The tools to measure the degree of burnout [22], PTSD [11], compassion fatigue [12], or
moral distress [2] do exist and are reported elsewhere. All these tools are questionnaires that
can be distributed to the caregivers who will be invited to fill them. The challenges in ICUs
are time and method. The numerous questions with regard to such survey are as follows:
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Who will be installing the survey?

On papers or on a web site?

At what frequency?

To all the caregivers? To selected caregivers?

Who will collect the answers?

Who will analyse the results?

At what response rate the answers would be credible?
How to give the feedback to the caregivers?

Who will seek for the potential corrective actions?
Who will decide of the one to be installed?

Who will implement the corrective measure?

As demonstrated, this is a true work that should be recognized as such. This means that
the heads of the service should be aware that such enterprise needs resources, time of
dedicated personal in particular. Because of the time and energy required for this enter-
prise, it seems unreasonable to test all possible impairments, and the choice of the one to

be followed should be made carefully.

Considering that monitoring can be automatized, a long-term follow-up of the mental

health of the caregivers would be easier.

This type of project can refer to a quality improvement program with the approved
methodology that has been proven efficient [32]. The most important aspect of such pro-
gram is the continuous improvement of a structure or system with the PDCA circle that

integrates the results of the monitoring into corrective actions (8 Fig. 18.1).

Act according to the measurements Plan the action to implement

- Decide of corrective actions - Choose an achievable aim

- Discuss alternative solutions - Provide the necessary resources
to existing actions - Communicate to the team

Check the effects of the actions Jpaned action, i.e.
- Measure moral distress - Organize differently the service (workload)

- Measure burnout - Workshops on EOL care
- Follow indicators of associated factors - Psychological support groups

O Fig.18.1 PDCAcircle
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18.4 How to Prevent/Treat the Problem

Among the different known factors associated with the psychological impairment of ICU
caregivers, some are inherent to the type of service and can hardly be modified. Indeed,
the heavy workload and the unpredictable rush of patients with their dreadful history
cannot be prevented.
In contrast, many of them, belonging to the human factors, can be worked out.
Unfortunately, there is no evidence of efficient preventing measure or treatment of
psychological impairment of ICU caregivers.

18.4.1 The Modifiable Factors and Potential Targets
for Improvement

The numerous works that investigated the psychological burden of ICU caregivers report
the difficulties with regard to the relationships between caregivers themselves and the
patient and/or family members.

The known factors of conflicts that were well described in the CONFLICUS study
[20] are similar to the factors related to burnout: job strain, workload, inadequate
communication, and end-of-life care. In answer to these human difficulties, it seems
reasonably appropriate to think of solutions that take the humane dimensions in
account.

Many potential solutions were proposed on a theoretical basis.

18.4.1.1 Team Building
Because of the special type of work, night and days for 7/7 days throughout the year, the
complexity and burden of the cases, and the turnover of all caregivers, nurses, nurse assis-
tants, and physicians, the ICU is an unfavourable milieu for the development of a team
spirit. However, precisely because of all these barriers, effort for team building should be
reinforced in this particular environment.

Team building can decrease risks of interprofessional conflicts and may eventually
improve the relationships of patients and family members and patients’ outcome, decreas-
ing the causes which lead the caregivers to burnout [33].

18.4.1.2 Communication

A major challenge in the ICU is communication. Indeed, personnel under stress con-
fronted with patients and family members under high pressure are natural ingredients for
communication errors including aggressiveness and verbal abuse.

It is noteworthy that nurses complain of physicians’ language, whereas these latter
think that they are performing well with regard to communication. Communication
around end-of-life decision is particularly difficult and can be a source of tension among
the team [34].

In contrast, training in communication can help the ICU caregivers to take better deci-
sions. In the work of Lilly, it allowed to better discern patients who might benefit of ICU
from those who will be dying anyway [35].
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18.4.1.3 Training in Ethics, Palliative, and End-of-Life Care

Deaths and end-of-life care are now part of the everyday practice of critical care. However,
and because the ICU professionals do not choose this profession, that is to take care of
dying patients, this part of the ICU mission might be a source of difficulty for them. Since
end-of-life care and death of patients are part of the reasons of psychological suffering of
ICU professional, it is essential that they would be given sufficient training and support in
ethics, palliative, and end-of-life care. In particular, procedures that can help support
colleagues caring for dying patients and facilitate rituals for the staff to recognize the death
of patients should be installed. The nursing staff and medical rotation schedules should be
adjusted to maximize continuity of care. The team should be encouraged to communicate
regularly within the interdisciplinary team with regard to goals of care. A staff support
group (facilitators) should be established, and the list of palliative care experts, that is
pastoral care representatives, should be made easily available. These professionals could
also teach and model end-of-life care to the ICU caregivers [36]. Palliative care is not only
care after decision to withholding or withdrawing treatments but also includes explicit
discussion about goals of care, patient- and family-centred decision-making, pain and
symptom assessment and control, communication, and collaboration among the interdis-
ciplinary team [37].

18.4.1.4 Admission Controls

Since the perception of inappropriate care can be burdensome for the ICU caregivers and
lead to lack of sense of their profession [2], each admission into the ICU should be
watched carefully. However, even the critical care physicians disagree on the justification
of use of ICU for end of life [38]. The “Contra” protagonists argue that patients should not
be submitted to aggressive but unnecessary technical measures. To note, in the USA, a
fifth of US residents receive ICU care at EOL, and a fourth of the total healthcare expen-
diture is spent for the last year of life. In this context, use of ICU for the last days of life
seems unreasonable. The “Pro” protagonists argue that it is impossible to determine in
advance when the last year of life started, whether the present admission is due to an
acute but reversible deterioration or a sign of downbhill for the patient. We all know that
acute event leading to ICU changes the prognosis of chronic disease. However, patients,
especially elderly patients [39], and family members are not aware of this reality and
process the potential changes of the future quite differently. Many family members hope
that the patient would recover and are unaware of the suffering that they might impose to
their beloved. Moreover, the sufferings of family caregivers who care for patients can be
recognized after an ICU stay, whereas the family members continue to be unaware of
such burden when they take the decision of pursuing treatments at any cost during the
patients’ ICU stay [40].

Finally, since ICU professionals became expert of pain control and palliative care,
some would argue that ICU is the best place to die. This is without considering the burden
of the ICU professionals and cost.

18.4.1.5 Psychological Support

Since there is now good evidence that ICU caregivers suffer psychologically, it seems rea-
sonable to think that these professionals should benefit of some kind of support. However,
no proven method of psychological support has been proposed [41]. The task of demon-
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strating the potential benefit of such procedure is difficult. Indeed, in a single randomized
controlled trial that we lead, we tested the impact of group support using two psycholo-
gists for ICU nurses. This 9-month project could not show a significant improvement of
the burnout of the treated nurses for many organizational reasons among which 40% of
caregivers had changed throughout the study period. There was a decrease in the burnout
scores in the whole ICU team (“personal unpublished data”).

More studies should be lead in order to assess the way to implement psychological
support for ICU caregivers. Team supervision by a skilled psychiatrist or the presence of a
psychologist or psychiatrist in the unit, which is implicated in the everyday life of the
caregivers, is an example that should be explored in the context.

18.4.1.6 Hints for Management

There is probably no single preventive or therapeutic mean for the psychological
impairment of ICU caregivers. However, recent advances in management and studies
in other fields of medicine lead to the hope that some of the approaches might work in
ICU too.

One important condition is the deep belief and commitment of the heads of ICU
services that the psychological wellness of the caregivers is an inescapable priority in
the management of their services, since it conditions the care for patients and family
members.

The quality of care provided is essential in that it will determine not only their survival
in ICUs but also the quality of life thereafter.

Also, we may not want to wait until we get scientific evidence before moving toward to
care for ICU caregivers. Indeed, trials in our environment are difficult and may not reflect
reality. Qualitative type of studies should also be considered to move forward.

A multimodal approach might include the following:

== Constitution of psychological support groups [42, 43]
== Education and development of mindfulness [44, 45]
== Team building [33]

== Self-help intervention [46]

= Therapeutic alliance [47]

Conclusions
ICU caregivers are at high risk of developing psychological impairment as shown in this
chapter.

Since their psychological welfare impacts on their behaviour including their human
ability to support patients and family members, everything should be done to protect ICU
caregivers. The present state of knowledge does not allow determining a single recognized
way to support this personal in the very special environment of ICU. However, there is no
time to wait for the results of studies to start to take care of the ICU caregivers.
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— Take Home Messages

ICU caregivers including physicians, nurses, and nurse assistants are at high risk
of psychological impairment
The psychological impairment of these professionals is directly related to the
type of care that they are providing

The ICU environment is aggressive

The ICU patients’ and families’ suffering is burdensome.

Death is ubiquitous in ICU
The psychological well-being of the caregivers impacts on the survival and
quality of life of the patients
Heads of ICUs should be aware of the necessary care of their personal
A multimodal management approaches might be interesting

Team building

Education on communication

Education on ethics, palliative and end-of-life care

Psychological support
Some promising future approaches are

Mindfulness

Development of resilience

» Not everything that can be counted counts, and not everything that counts can be

counted. —Albert Einstein
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Learning Objectives
To understand the various steps in the assessment and treatment of physical decon-
ditioning of the critically ill patients in the acute and chronic phase of their recovery
To understand the different modalities of physical rehabilitation and their effective-
ness in acute and chronic critical illness
To understand the multidisciplinary approach of physical rehabilitation, specifically in
the acute critically ill patient

19.1 Introduction

The progress of intensive care medicine has dramatically improved survival of critically ill
patients, especially in patients with acute respiratory distress syndrome (ARDS) and sep-
sis [1, 2]. However, this improved survival is often associated with general deconditioning,
muscle weakness, prolonged mechanical ventilation, dyspnoea, depression, anxiety, and
reduced health-related quality of life after intensive care unit (ICU) discharge [3, 4].
Deconditioning and specifically muscle weakness have a key role in impaired functional
status after ICU stay [5, 6]. Bed rest and limited mobility during critical illness result in
profound physical deconditioning and dysfunction of the respiratory, cardiovascular,
musculoskeletal, neurological, renal, and endocrine systems [7]. These effects can be exac-
erbated by inflammation and pharmacological agents, such as corticosteroids, neuromus-
cular blockers, and antibiotics associated with critical illness and its treatment. The
prevalence of skeletal muscle weakness in the intensive care unit (ICU-acquired weak-
ness) varies up to 50%. Skeletal muscle wasting appears to be the highest during the first
2-3 weeks of ICU stay [8-11] and is associated with weaning failure, ICU and hospital
length of stay, and increased 1-year mortality [5, 12].

The abovementioned changes in functional performance as well as limb muscle and
respiratory muscle function indicate the need for assessment and measures to prevent
deconditioning and loss of physical function during and after ICU stay [13]. It is impor-
tant to prevent or attenuate muscle deconditioning as early as possible in patients with
prolonged critical illness and expected extended bed rest. Over the last decade, increasing
scientific and clinical interest and evidence have given support to a safe and early physical
activity and mobilisation approach toward the critically ill patient by ICU team members
[14, 15]. Although early mobilisation and physical activity have been shown to be effec-
tive on short-term outcomes in several studies [16-19], other studies were unable to show
effectiveness on long-term outcomes [20, 21]. Several reasons, such as differences in
populations, interventions, comparators, and outcomes, might account for these different
findings [22].

The post-ICU discharge recovery period has been relatively ignored. Several longitu-
dinal observational follow-up studies of survivors of critical illness have shown profound
impairments including not only physical but also psychological, cognitive, and health-
related quality of life [23]. Given the observed residual impairments in physical function,
there is rationale for the ongoing delivery of exercise-based rehabilitation interventions in
the post-ICU discharge period. However, the outcome of post-discharge rehabilitation
including exercise training is at least unresolved [24]. Appropriate assessment and super-
vised exercise training following the guidelines from the American College of Sports
Medicine [ACSM] [25], lacking in most of the studies so far, are probably important fac-
tors in the effectiveness of post-discharge rehabilitation.
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19.2 Assessment

The detrimental physiological effects of recumbency and restricted mobility on all systems
and the benefits of being upright and moving have been widely reported. However, issues
related to early physical activity and mobilisation of patients in the ICU as a therapeutic option
including safety, dose, and implementation have only recently been a shared focus of interest to
interdisciplinary teams practising in the ICU [17, 26-28]. Accurate assessment of cardiorespi-
ratory reserve and rigorous screening for other factors that could preclude early mobilisation
is of paramount importance [29]. In addition to assessment of the safety and readiness of the
patient for exercise and physical activity, specific measures of function (e.g. muscle strength,
joint mobility), functional status (e.g. outcomes for functional performance such as the
Functional Independence Measure [FIM], Berg Balance Scale [BBS], Functional Ambulation
Categories [FAC], Physical Function ICU Test [PFIT], Chelsea Critical Care Physical
Assessment [CPAX]), and quality of life (e.g. Medical Outcome Survey Short Form 36 [SF-36],
disease-specific questionnaires) must be considered (» Box 19.1). See overview [30, 31].

Box 19.1 Assessment of the (Post) Critically Ill Patient
Cooperation - level of confusion, agitation, sedation, and consciousness
= Glasgow Coma Scale (GCS)

== Confusion Assessment for the ICU (CAM ICU)

= Richmond Agitation and Sedation Scale (RASS)

== Standardised five questions

Joint mobility
= Active and passive range of motion

Respiratory and Limb Muscle function

== Medical Research Council 0-5 scale/Medical Research Council sum score
Hand held dynamometry

Muscle twitch stimulation force

Muscle thickness with ultrasonography

Maximal inspiratory and expiratory pressure

Mobility - functional status

Barthel Index

Functional Independence Measure
Katz ADL Scale

Berg Balance Scale

Functional ambulation categories
4-meter gait speed test

Physical Function ICU Test (PFIT)

Quality of Life
= SF-36
= EuroQol

Exercise testing (post ICU)

= 6-min walking distance

== Shuttle walk test

= |ncremental cycle ergometer test

19
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19.3 Modalities for Physical Rehabilitation

19.3.1 Critically Ill Patients

Acutely ill, uncooperative patients are treated with modalities that do not need coopera-
tion of the patient and will not put stress on their vulnerable cardiorespiratory system,
such as passive range of motion, muscle stretching, splinting, body positioning, passive
cycling with a bed cycle, or electrical muscle stimulation. On the other hand, the stable
cooperative patient, beyond the acute illness phase but still on mechanical ventilation,
will be able to be mobilised on the edge of the bed, to do transfers to a chair, perform
resistance muscle training or active cycling with a bed cycle or chair cycle, and walk with
or without assistance. A flow diagram was developed by Gosselink et al. [32] based on the
scheme of Morris et al. [17] (B Fig. 19.1). The flow diagram has face validity and is an
example of such a step-up approach. The following paragraphs will deal with modalities
of exercise training with progressive intensity and increasing need of cooperation of the
patient.

19.3.1.1 The Uncooperative Critically Ill Patient

Body positioning has been used prescriptively to remediate oxygen transport deficits such as
impaired gas exchange by altering the distribution of ventilation (V) and perfusion (Q),
V/Q matching, airway closure, work of breathing and cardiac workload, as well as mucus
transport (postural drainage). To simulate the normal perturbations that the human body
experiences in health, the patient who is critically ill needs to be positioned more upright

»
>

Fig. 19.1 “Start to move” - protocol Leuven: step-up approach of progressive mobilisation and physical
activity programme. (Adapted from Gosselink et al. [32]). 'S5Q: response to five standardised questions
for cooperation: Open and close your eyes; look at me; open your mouth and stick out your tongue;
shake yes and no (nod your head); | will count to 5, frown your eyebrows afterwards. 2 FAILS when at
least 1 risk factor is present. 3: If basic assessment failed, decrease to level 0. % Safety - each activity
should be deferred if severe adverse events (cv., resp. and subject. intolerance) occur during the
intervention. MRC (Medical Research Council) muscle strength sum scale (0-60), BBS: Berg Balance Score
Sitting to standing

4 able to stand without using hands and stabilise independently

3 able to stand independently using hands

2 able to stand using hands after several tries

1 needs minimal aid to stand or stabilise

0 needs moderate or maximal assist to stand
Standing unsupported

4 able to stand safely for 2 min

3 able to stand for 2 min with supervision

2 able to stand for 30 s unsupported

1 needs several tries to stand for 30 s unsupported

0 unable to stand for 30 s unsupported
Sitting with back unsupported but feet supported on the floor or on a stool

4 able to sit safely and securely for 2 min

3 able to sit for 2 min under supervision

2 able to able to sit for 30 s

1 able tositfor 10 s

0 unable to sit without support for 10 s
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(well supported), or rotated when recumbent. These perturbations need to be scheduled
frequently to avoid the adverse effects of prolonged static positioning on respiratory, car-
diac, and circulatory function. The potent and direct physiological effects of changing body
position on oxygen transport and oxygenation are exploited when mobilisation is contrain-
dicated. This evidence comes primarily from the space science literature in which bed rest
has been used as a model of weightlessness. Other indications for active and passive posi-
tioning include the management of soft tissue contracture, protection of flaccid limbs and
lax joints, nerve impingement, and skin breakdown. Although a specific body position may
be indicated for a patient, varied positions and frequent body position changes, particularly
extreme body positions, are based on the assessment findings. The efficacy of 2-hourly
patient rotation, which is common in clinical practice, has not been verified scientifically.
Medically unstable patients who require a rotating or kinetic bed benefit from continuous
side-to-side perturbation, which supports the hypothesis that patients may benefit from
frequent and extreme position changes rather than fixed, prolonged periods in given posi-
tions [33]. Bed design features in critical care should include hip and knee breaks so that the
patient can approximate upright sitting as much as can be tolerated. Heavy care patients
such as those who are sedated, heavy, or overweight may need chairs with greater support
such as stretcher chairs. Lifts may be needed to change a patient’s position safely.

Passive stretching or range of motion exercise may have a particularly important role in
the management of patients who are unable to move spontaneously. Studies in healthy
subjects have shown that passive stretching decreases stiffness and increases extensibility
of the muscle. Evidence for using continuous dynamic stretching (and counterbalancing
the ‘silencing’ of the muscle in critically ill patients [34]) is based on the observation in
patients with critical illness subjected to prolonged inactivity. Nine hours of continuous
passive motion per day reduced the loss of muscle strength, muscle atrophy, and protein
loss in critically ill patients [35, 36].

Splinting may be indicated for patients who cannot be actively mobilised and have high
risk of soft tissue contracture, such as following severe burns, trauma, and some neuro-
logical conditions. Splinting of the periarticular structures in the stretched position for
more than half an hour per day was shown to have a beneficial effect on the range of
motion (ROM) in an animal model [37]. In burns patients, fixing the position of joints
reduced muscle and skin contraction [38], while in patients with neurological dysfunc-
tion, splinting may reduce muscle tone [39].

Neuromuscular electrical stimulation (NMES) has been used in patients unable to perform
voluntary muscle contractions, to prevent disuse muscle atrophy. Daily NMES for at least 1 h
during an immobilisation period reduced the decrease in cross-sectional area of the quadri-
ceps and enhanced normal muscle protein synthesis in patients with lower-limb fractures
and cast immobilisation [40]. For patients in the ICU who are not able to move actively,
NMES was also introduced to preserve muscle strength and muscle mass. Although the trend
of the effectiveness on muscle strength and muscle mass is positive, results of the studies are
conflicting [41, 42]. Several reasons may account for these findings, such as patient character-
istics (sepsis, oedema, use of vasopressives [43]), timing of NMES related to ICU admission,
protocol for stimulation (devices, stimulation duration, and frequency), and varying meth-
odology for assessment of muscle function (muscle mass, strength). NMES of the quadriceps,
in addition to active limb mobilisation, enhanced muscle strength and hastened independent
transfer from bed to chair in patients with prolonged critical illness [44].

The application of exercise training in the early phase of ICU admission is often more
complicated due to lack of cooperation and the clinical status of the patient. Technological
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Fig.19.2 Bed cyclingin
critically ill patient on mechanical
ventilation and renal dialysis

development resulted in a bed cycle ergometer for (active or passive) leg cycling during bed
rest (B Fig. 19.2). The application of this training modality has been shown to be a safe and
feasible exercise tool in (neurological) ICU patients [18, 45, 46]. The bedside cycle ergom-
eter enables a prolonged continuous mobilisation, allowing rigorous control of exercise
intensity and duration. A randomised controlled trial of early application of daily bedside
leg cycling in critically ill patients showed improved functional status, muscle function,
and exercise performance at hospital discharge compared with patients receiving standard
physiotherapy without leg cycling [18].

19.3.1.2 The Cooperative Critically lll Patient

Mobilisation refers to physical activity sufficient to elicit acute physiological responses
such as increased ventilation, central and peripheral perfusion, circulation, muscle metab-
olism, and alertness. Strategies — in order of intensity - include sitting on the edge of the
bed, standing, stepping in place, turning from side to side in bed and transferring from
bed to chair, and walking with or without support. The approach of early mobilisation has
face validity, and it was shown that patients receiving early mobility therapy had reduced
ICU and hospital stay, improved functional status at hospital discharge, shortened dura-
tion of delirium, and increased ventilator-free days [16, 17]. The team approach (doctor,
nurse, physiotherapist, and occupational therapist) is an important and strong point in
establishing an early ambulation programme [15, 47]. These early intervention attempts
are, although challenging, specifically for patients still in need of supportive devices
(mechanical ventilation, cardiac assists, extracorporeal membrane oxygenation) or unable
to stand without support of personnel or standing aids, a worthwhile experience for the
patient [17, 48]. The risk of adverse events during these interventions is very low [49].
Standing and walking frames enable the patient to mobilise safely with attachments for
bags, lines, and leads that cannot be disconnected (8 Fig. 19.3). The arm support on a
frame or rollator has been shown to increase ventilatory capacity in patients with severe
chronic obstructive pulmonary disease [50]. The frame needs to be able to accommodate
either a portable oxygen tank or a portable mechanical ventilator and seat, or a suitable
trolley for equipment can be used. Not only walking and standing aids but also tilt tables
enhance physiological responses [51] and enable early mobilisation of critically ill patients.
Therefore, the tilt table may be used when the patient is unable to move his legs to counter-
dependent fluid displacement and might be at risk of orthostatic intolerance. Abdominal
belts applied in patients with spinal cord injury improve vital capacity and need to be
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Fig. 19.3 Assisted transfer from
bed to standing position of a
critically ill patient on mechanical
ventilation

carefully positioned to support, not restrict, respiration during mobilisation [52]. Transfer
belts facilitate heavy lifts and protect both the patient and the physiotherapist or nurse.
Noninvasive ventilation (NIV) during mobilisation may improve exercise tolerance for
non-intubated patients, similar to that demonstrated in patients with stable chronic
obstructive pulmonary disease [53]. In ventilated patients, the ventilator settings may
require adjustment to the patient’s needs (i.e. increased minute ventilation or FiO,).
Aerobic training and muscle strengthening, in addition to routine mobilisation,
improved walking distance more than mobilisation alone in patients with chronic critical
illness on long-term mechanical ventilation [54, 55]. A randomised controlled trial
showed that a 6-week upper- and lower-limb training programme improved limb muscle
strength, ventilator-free time, and functional outcomes in patients requiring long-term
mechanical ventilation compared to a control group [54]. These results are in line with a
retrospective analysis of patients on long-term mechanical ventilation who participated in
whole-body training and respiratory muscle training [56]. In patients recently weaned
from mechanical ventilation, the addition of upper-limb exercise enhanced the effects of
general mobilisation on exercise endurance performance and dyspnoea [57]. Low-
resistance multiple repetitions of resistive muscle training, including the use of pulleys,
elastic bands, and weight belts, can augment muscle mass and strength (B Fig. 19.4). Sets
of repetitions (3 sets of 8-10 repetitions at 50-70% of one repetition maximum [IRM])
within the patient’s tolerance can be scheduled daily, commensurate with their goals.
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The chair cycle (B Fig. 19.5) and the bed cycle allow patients to perform an individualised
exercise training programme. The intensity of cycling can be adjusted to the individual
patient’s capacity, ranging from passive cycling via assisted cycling to cycling against

Fig. 19.4 Resistance muscle
training with elastic bands in a
critically ill patient

Fig. 19.5 Chair cyclingina
patient admitted to the ICU

19
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increasing resistance. The prescription of exercise intensity, duration, and frequency is
response-dependent rather than time-dependent and is based on clinical challenge tests,
such as the response to a nursing or investigative procedure or to a specific mobilisation
challenge. Exercise should be safely tolerated in any treatment session, and if the patient
responds positively, greater intensity and duration can be applied. For acutely ill patients,
frequent short sessions (analogous to interval training) allow greater recovery than the
less frequent, longer sessions prescribed for patients with chronic stable conditions [58].

19.3.1.3 Clinical Implementation

The amount of rehabilitation performed in ICUs is often inadequate [59-61], and as a rule,
rehabilitation is better organised in weaning centres or respiratory ICUs (RICUs) [27, 56].
Different (modifiable) barriers for mobilisation and rehabilitation were identified by
nurses, physiotherapists, and physicians: limited (experienced) staff and supporting
equipment, no protocol, no mobility culture, lack of planning and coordination, no ‘cham-
pion’ in the team, or ‘standing bed rest’ order [62, 63]. However, the risk of moving a
critically ill patient should be weighed against the risk of immobility and recumbency, and
when employed, it requires stringent monitoring to ensure that the mobilisation is insti-
tuted appropriately and safely [29]. Several strategies to improve the implementation of
early mobilisation were suggested for patient-related, structural, procedural, and cultural
barriers [63]. This will enable the ICU team, in a multidisciplinary and multiprofessional
environment, to prioritise and identify aims and parameters of treatments, ensuring that
these are both therapeutic (also in the long term) and safe [64].

19.3.1.4 Weaning and Respiratory Muscle Training

Twenty to thirty percent of patients fail liberation from mechanical ventilation and require
a disproportionate amount of resources [65]. Several factors are likely to contribute to
weaning failure including inadequate ventilatory drive, respiratory muscle weakness,
respiratory muscle fatigue, increased work of breathing, airway and lung dysfunction,
brain dysfunction, cardiac failure, and endocrine and metabolic dysfunctions [66]. The
inability to breathe spontaneously relates to an imbalance between load on the respiratory
muscles and the capacity of the respiratory muscles [67]. High rate of respiratory muscle
effort (ratio of workload and muscle capacity (P,/P, ) is a major cause of ventilator
dependency and predicts the outcome of successful weaning [68]. Severe inspiratory
muscle weakness (PImax: 13-25 cmH,0O) in mechanically ventilated patients is observed
in 80% of patients with ICUAW [69]. The decline in transdiaphragmatic pressure is
approximately 2-4% per day in the first weeks of ICU stay [11] and is associated with
severe sepsis or severe shock [70, 71]. Since inactivity contributes considerably to muscle
atrophy, “mechanical silencing” has been identified as an important contributor to the loss
of contractile properties [35]. A lower contractile activity of the diaphragm during
mechanical ventilation was associated with further reduction of diaphragm thickness
[72]. Additionally, patient-ventilator dyssynchrony and overloading the respiratory mus-
cles during the weaning phase can also lead to prolonged weaning [73]. This observation
supports the idea that well-balanced, intermittent loading of the respiratory muscles dur-
ing the process of mechanical ventilation might be beneficial to prevent or ameliorate
muscle atrophy. Indeed, modalities inducing (intermittent) loading of the respiratory
muscles such as spontaneous breathing trials increase muscle strength [74], and early
mobilisation has been shown to shorten the duration of mechanical ventilation [16].
Surprisingly, little attention has been given to specific interventions to enhance strength
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Fig. 19.6 Inspiratory muscle
training with feedback in a
patient with difficult weaning
from mechanical ventilation

A,

and endurance of the respiratory muscles. Indeed, daily inspiratory muscle training with
6-8 contractions repeated in 3-4 series at moderate to high intensity was safe and
improved both inspiratory muscle strength and weaning success in patients with difficult
weaning [75, 76]. The studies performed so far on IMT in mechanically ventilated patients
were heterogeneous with regard to specific inclusion criteria, training modalities, and out-
comes evaluated. Not all studies specifically focused on patients with known weaning dif-
ficulties, and not all studies evaluated weaning-related outcomes. Timing of inclusion of
patients was also not consistent between studies. Specifically, patients with known wean-
ing difficulties seem more likely to benefit from an IMT intervention during mechanical
ventilation [75]. In addition, most of those RCTs used a mechanical threshold-loading
(MTL) device for IMT which might not offer the ideal loading characteristics in this spe-
cific setting. An alternative, potentially more optimal way of loading the respiratory mus-
cles is tapered flow resistive loading (TFRL) IMT [77]. This isokinetic loading approach
during TFRL is better adapted to the length-tension characteristics of the inspiratory
muscles than the isotonic muscle loading applied during MTL. Consequently, TFRL
results in a contraction that is performed at constant velocity (i.e. constant inspiratory
flow rate). This characteristic and visual feedback on the screen will allow larger tidal
volumes to be achieved during IMT (@ Fig. 19.6). In analogy with data presented previ-
ously in patients with COPD, it is expected to result in better tolerance of higher training
intensities with subsequent larger improvements in respiratory muscle function in com-
parison to MTL [78]. One of the challenges of IMT is that patients who might benefit from
the intervention are oftentimes not sufficiently capable to collaborate during the training
sessions.

19.3.2 Post Critically Ill Patients

The post-ICU discharge stages of recovery have been relatively ignored. Several longitudi-
nal observational follow-up studies of survivors of critical illness have shown profound
impairments not only in physical but also in psychological, cognitive, and health-related
quality-of-life domains [23]. Given the residual impairments in physical function, there is
arationale for the ongoing delivery of exercise-based rehabilitation interventions. Although
post-discharge rehabilitation was associated with a reduced risk of 10-year mortality [79],
the outcome of exercise training programmes was unanswered [24]. Most of the evaluated

19
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programmes consist of home-based programmes [80], guided by self-help rehabilitation
manuals [81] and/or intermediate telephone calls [82]. A more recent partially supervised
exercise training programme lasting only 6 weeks resulted in significant larger short-term
improvements of role physical function, functional exercise performance, and self-efficacy
and readiness to exercise compared to a control group [83]. The lack of supervised exercise
training in most of these studies, ignoring the guidelines from the American College of
Sports Medicine [25], is probably an important factor in the lack of effectiveness. The
ACSM recommends a comprehensive programme of exercise including cardiorespiratory,
resistance, flexibility, and neuromotor exercise of sufficient volume (intensity, duration,
and frequency) for healthy adults of all ages (» Box 19.2) [25, 84]. Exercises performed in
this manner have been reported to improve physical and mental health and/or fitness in
healthy subjects and patient populations [25]. The exercise prescription is best adjusted
according to individual responses because of the considerable individual variability in
response to exercise. Basically, there is no reason why post-intensive care syndrome (PICS)
patients, oftentimes suffering from (pre-existent) cardiopulmonary disease, would not be
able to follow the same guidelines. This was concluded in a recent expert consensus state-
ment [31]. Evaluation of participants, as practiced in cardiopulmonary rehabilitation,
including exercise testing (> Box 19.1), allows screening of causes for exercise limitation
(cardiovascular, respiratory, muscle weakness, or psychological impairment). Specifically,
patients with PICS are suffering from muscle weakness as an important cause for exercise
limitation [4]. Since there is considerable individual variability in the response to exercise,
this information is important for the exercise prescription in an individualised training
programme supervised by an experienced physical therapist or exercise physiologist.
Finally, exercise is only beneficial if a person engages in it, and oftentimes (at least partly)
supervised training is necessary to improve physical fitness in patient populations. To this
end, focusing on individual preferences and enjoyment and incorporating health behav-
iour theory and behaviour change strategies into exercise counselling interventions and
programmes can enhance adoption and short-term maintenance of regular exercise.

— Take Home Messages

Critical illness is associated with short- and long-term morbidity: muscle
weakness, weaning failure, impaired functional status, and quality of life.

(Early) physical activity and rehabilitation are key in the prevention, attenuation,
or reversion of the deconditioning.

A variety of evidence-based modalities for exercise training and early mobility
may be applied, depending on the stage of critical illness, comorbid conditions,
and cooperation of the patient.

Physical rehabilitation includes a wide range of modalities including passive,
active, and resistance exercises, aiming to improve whole body endurance,
muscle strength, flexibility, and coordination to enhance functional perfor-
mance. The guidelines of the American College of Sports Medicine provide an
adequate framework also for the (post) critically ill patient population.

Physical rehabilitation is teamwork and should be administered jointly with medical,
physical therapy, and nursing staff. The physical therapist should be responsible for
implementing mobilisation plans and exercise prescription and make recommenda-
tion for progression of these in conjunction with the other team members.
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Box 19.2 Summary of American College of Sports Medicine’s Physical Activity
Recommendations for Older Adults. Adapted from: Garber et al. [25] and Pascatello

et al. [84]

Cardiorespiratory

Muscle strength/
endurance

Flexibility

Other consider-
ations

References

At least 5 days per week for moderate-intensity PA (5-6 on a scale of 0-10 for
level of physical exertion)

At least 30 min daily of moderate intensity PA for >10 min each for a total of
at least 150 min per week

Exercise can include any modality that does not impose excessive orthopae-
dic stress, with walking being the most common type of activity

Stationary cycling and aquatic exercise are beneficial for those with limited
tolerance for weight-bearing activity

At least 2 days per week

Light intensity (40-50% of 1-repetition maximum) for subjects beginning a
resistance training programme, slowly progressing to moderate intensity
(60-70% of 1-repetition max). RPE = 5 to 6 (0-10 scale)

Exercises should involve progressive weight training or weight-bearing
calisthenics (either standing or seated) that include 8-10 exercises involving
the 8-10 major muscle groups and at least 1 set of 10-15 repetitions per
exercise or 2-4 sets of 8-25 repetitions

Stretch to the limits of discomfort within the ROM, to the point of mild
tightness without discomfort

>4 repetitions per muscle group

Static: 15-60 s; PNF: hold 6 s, then a 10-30 s assisted stretch or dynamic
(ballistic may be fine for individuals who participate in ballistic activities)

Physical activity sessions should begin with a warm-up and end with an
appropriate cool-down

Intensity and duration of exercise should be light at the beginning for
deconditioned individuals or those with chronic conditions or functional
limitations

Progression of exercise should be individualised

Initial strength training sessions using weight lifting machines should be
supervised

Obese or weight older adults may benefit to a progression of >250 min per
week of moderate-intensity exercise
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Learning Objectives
To understand the rationale for feeding the critically ill patient in relation to muscle
wasting and functional recovery.
To detail the steps to be undertaken for nutrition screening and assessment of critically
ill patients.
To understand how to calculate energy and protein targets.
To be able to monitor patients receiving nutrition support.
To assess nutritional support for those receiving non-invasive ventilation, those manag-
ing oral intake and in the post-ICU phase.

20.1 Introduction

The last decade of intensive care research and practice has seen a shift in priorities: as
mortality from critical illness decreases year on year, a growing focus on survivorship has
developed [1]. This has led to codification of the burden of survivorship into two distinct
but overlapping syndromes: chronic critical illness [2] and post-intensive care syndrome
[3]. Both of these are defined not by underpinning mechanism but by the clinical constel-
lations of signs and symptoms — one occurs in the intensive care unit and the other follow-
ing discharge. Both interact with the third newly emerging syndrome of the persistent
inflammatory catabolic syndrome [4], although this relationship remains unclear.

What is becoming clearer are two underpinning aspects of physiology that cross all
three syndromes - that of acute muscle wasting and inflammation. Currently, no second-
ary preventative strategies exist for acute muscle wasting, and to date, no rehabilitative
trials have convincingly produced evidence for exercise or combined exercise and nutri-
tion interventions [5]. At this point in time, the best strategy for prevention of both
chronic critical illness and the physical aspects of post-intensive care syndrome remains
that of minimising muscle wasting. This is nutritionally challenging, and the few trials of
increasing nutrition delivery addressing muscle wasting and/or functional outcomes have
yet to show good evidence for this as an intervention [6-10]. It may be that simple addi-
tional nutritional delivery may not be enough in the setting of inflammation; however,
this chapter will outline current strategies and considerations that are considered best
practice in this area.

20.2 Physiology of Muscle Wasting

In health, muscle mass is maintained by a balance of muscle protein synthesis and muscle
protein breakdown, known as muscle protein homeostasis [11]. The drivers of this balance
are relatively well known [12]. In humans (unlike rodents), muscle protein synthesis is
facilitative, that is, a process that responds both to stimulatory (e.g. amino acids) and sup-
pressive (e.g. starvation, immobilisation, and inflammatory) stimuli. Conversely, muscle
protein breakdown is adaptive in nature. Exercise is a more complex stimulus. Resistance
exercise alone is catabolic in nature [13], though the ingestion of amino acids then results
in rebound anabolism [14]. Insulin does not stimulate muscle protein synthesis but can
suppress muscle protein breakdown [15]. Alone, insulin treatment results in upregulation
of anabolic signalling. Subsequent amino acid ingestion results in a synergistic effect on
increasing muscle protein synthesis [16].
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Muscle protein homeostasis in critical illness is not as straightforward, and the domi-
nant process responsible for loss of muscle mass likely varies with time. In acute critical
illness, muscle protein synthesis is suppressed and not responsive to nutrition delivery
[17]. Over the period of critical illness, there is a steady variable recovery of synthetic
function. Muscle protein breakdown is, however, elevated relative to muscle protein syn-
thesis at all stages, even during chronic critical illness, leading to a net catabolic state [18].

The process of protein synthesis is highly energy dependent [19] - thus, while caloric
intake is not directly linked to synthetic function, it would seem likely that a lack of cel-
lular energy (defined by Adenosine TriPhosphate content) would lead to anabolic sup-
pression.

An often under-discussed aspect of muscle protein homeostasis in the critically ill is
the effect of age. Elderly subjects have the same basal muscle protein synthesis and break-
down rates as younger subjects [20]. However, protein ingestion to stimulate muscle pro-
tein synthesis requires relatively higher protein intakes in the elderly relative to younger
subjects [21]. This phenomena has been termed anabolic resistance. Elderly subjects also
do not have the same blunting of muscle protein breakdown seen in response to insulin in
younger subjects [22], and therefore this group of critically ill patients may respond differ-
ently to a given treatment. However, at present, the most appropriate nutrition interven-
tion for this group is unknown.

20.3 Rationale for Nutrition Interventions

Although there is little evidence for the role of increased nutrition delivery in reducing
muscle wasting and improving the recovery of critically ill survivors, the biological ratio-
nale is sound [23]. Along with this goal, provision of early enteral nutrition is thought to
reduce oxidative stress, modulate the immune response, and lead to improvements in gut
integrity, thereby reducing the risk of bacterial translocation and subsequent infection
[24]. For these reasons, providing nutrition support during critical illness is considered a
necessary therapy rather than a supportive treatment. In addition, the current hypothesis
suggests that nutrition in the post-ICU phase is equally as important as during the acute
phase and that attention should be paid to appropriate nutrition support across the con-
tinuum of care [23].

20.4 Nutrition Assessment

A thorough nutrition assessment should include the following in this order:
Nutrition screening to determine nutrition risk
Assessment of nutritional status
Calculation of energy and protein targets

20.4.1 Nutrition Risk

While a large number of patients are admitted to intensive care, many will stay for short
periods only. Therefore, it is important to be able to identify those patients for which
nutrition therapy will be of greatest benefit. In the acute care setting, the use of a validated

20
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screening tool has been associated with improved nutrition care and reduced rates of mal-
nutrition [25]. A wide array of nutrition risk screening tools are available. Those com-
monly used in ICU include the Malnutrition Universal Screening Tool (MUST), the
Nutrition Risk Screening-2002 tool, and the Nutrition Risk in the Critically Il (NUTRIC)
score. The MUST relies on the ability to obtain a BMI and reported weight loss. In this
population, self-reported weight loss is challenging to obtain, and weight measures are
influenced by oedema as a result of fluid resuscitation. The European Society of Parenteral
and Enteral Nutrition recommends the use of NRS-2002 in the acute care setting [26].
However, this tool provides a ‘severe’ score for all intensive care patients with an APACHE
>10 and relies on reported weight loss/dietary intake and, hence, provides little guidance
as to which patients are at greatest nutritional risk in this population. Therefore, the appli-
cability of these to the critically ill population is limited. Given these difficulties, Heyland
and colleagues developed the Nutrition Risk in the Critically IIl (NUTRIC) score [27],
which has been shown to predict mortality and length of ICU stay and mechanical ventila-
tion [28, 29]. However, this tool also suffers from limitations including the time-consuming
nature of calculating two of the variables (SOFA and APACHE II) and the lack of any
direct measures of nutritional status. Additionally, available tools neglect to consider those
patients for whom their specific injury and the intensive care stay alone will influence
nutrition status, such as trauma patients who were pre-morbidly well-nourished, those
with a long ICU stay, and those who had a long hospital admission prior to entering the
ICU where cumulative nutritional deficits are likely. Hence, nutrition risk screening
should also contemplate the future likelihood of nutritional deficits. Regardless of the cho-
sen tool, it is recommended that nutrition risk screening takes place within 48 h of ICU
admission [30] and that the additional factors mentioned above are given consideration
when determining the overall nutrition risk of a patient.

20.4.2 Assessment of Nutritional Status

For patients at high nutrition risk, a nutrition assessment should be conducted by a quali-
fied healthcare professional, preferably a dietitian, to provide a clinical diagnosis of the
patients’ nutritional status and corresponding treatment plan [30]. In addition, all patients
in ICU for >7 days or those requiring artificial nutrition support should have a nutrition
assessment conducted. A number of nutrition assessment tools are recommended for use
in the acute care setting including Mini Nutritional Assessment (MNA), Subjective Global
Assessment (SGA), and Patient-Generated Subjective Global Assessment. The European
Society of Parenteral and Enteral Nutrition has also recently developed a consensus state-
ment on the diagnostic criteria for malnutrition, which categorises based on weight loss,
body mass index (BMI), or fat-free mass index [31]. However, these tools rely on patient
reports of recent weight loss and dietary intake which is challenging to collect in a sedated
and mechanically ventilated population. A good nutritional assessment should not be lim-
ited to just nutritional intake but should consider the whole clinical picture, including
biochemical, clinical (8 Fig. 20.1), and anthropometry measures as described below.

20.4.2.1 Anthropometry

Weight is most frequently used as a measure of nutrition status in dietetic critical care
practice [32], yet is influenced by fluid shifts and, therefore, may not be appropriately
reflective of body composition in ICU patients. In addition, patients may be overweight,
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Variable
«  Weight, BMI and limb circumference
Anthr T should be interpreted with caution « Changes in anthropometrical
CIPEIER + Muscle ultrasound, CT and BIA are indices such as muscle size or mass
currently research tools only
« There are no reliable biochemical + Fluctuations in blood glucose
Bioch . markers in this setting to date + Electrolytes
iochemistry « Albumin and pre-albumin are . Liver and renal function
unreliable in this setting + Inflammatory markers (eg. CRP)

Feeding tolerance and potential
interruptions

Medical status and trajectory of
recovery

Medication review (eg. sedatives,
diuretics and prokinetcs)

« Poor tolerance to feeding
Clinical « Extended periods of fasting
«+ Projected length of ICU stay

« Cumulative energy and protein
deficits (aiming >80% prescribed
amounts)

« Non-nutritive energy (eg. propofol,
intravenous glucose, citrate)

«  Previous nutritional intake (although
may be difficult to obtain)

@ Fig. 20.1 Nutrition assessment and monitoring criteria. BM/ Body Mass Index, CT Computed
Tomography, BIA Bioelectrical Impedance Analysis, CRP C-reactive protein, ICU Intensive Care Unit

yet have significant sarcopenia that is not identified by traditional anthropometric mea-
sures. A common assessment that can be conducted in ICU is the medical component of
the SGA tool [33], a visual assessment of muscle wasting which has been shown to predict
outcomes in ICU patients [34, 35].

In recent years, there has been a push to develop more objective measures of muscle
mass that can be used in the intensive care setting. The use of ultrasonography to measure
muscle size has been shown to be reproducible by clinicians without prior ultrasound
expertise [36], is representative of total lean body mass [37], and is associated with poorer
self-reported functional status 3 months after ICU discharge [37]. The extent to which
nutrition can influence ultrasound-derived muscle size needs to be ascertained before
this can be implemented as a clinical tool. Furthermore, bioelectrical impedance, in
which a small electrical current passed through the body, provides an estimate of fat mass,
fat-free mass, and intra- and extracellular fluid [38]. While some studies have shown that
fluid shifts influencing body weight impede the implementation of bio-impedance in
assessing nutritional status [39], the potential use of phase angle — a raw parameter
derived from this technique which is not influenced by hydration levels - is currently
being explored [40]. There is also interest in the use of computed tomography scans of the
3rd lumbar region to estimate muscularity which has been shown to predict ICU- and
ventilator-free days and mortality [41]. However, this technique remains a research tool
at present due to the expertise required, time-intensive nature of measurement, and radi-
ation dose restricting use to those conducted when clinically indicated only.
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Practice Points

== Nutrition risk screening should be conducted for all ICU patients within 48 h of
admission (B Fig. 20.2)

== A holistic assessment of nutrition status should occur for all patients deemed
at nutritional risk or expected to have a prolonged ICU stay (B Fig. 20.1).

== Measures of nutrition status should be interpreted with caution, considering
the medical status of the patient, and, where possible, include an objective
measure of muscle mass

= As a patients’ clinical condition can change rapidly in the ICU, nutrition
assessment should be undertaken at least weekly or when clinical condition
notably changes (B Figs. 20.1 and 20.2)

Within 24-48
hours of
admission

Commence enteral feeding using
feeding protocol

Within 48-72  Perform full nutrition assessment,
hours of calculate individualised energy and
admission protein targets

Re-assess and follow
HELY
a minimum of

times per week,
regardless
initial nutrition risk

72 hours after
admission

= High Nutritional Risk?
enteral nutrition Eg. NUTRIC > 5, NRS > 3 or subjective assessment

Use motility agents / post-pyloric feeding if able.
Individualise EN feeding for catch-up / volume based feeding Continue
if required and not already used enteral nutrition
(eg. repeated, known theatre trips)

96 hours after
admission

PN (SPN or full) appropriate Continue

B Fig. 20.2 Decision-making tool for feeding during critical illness. EN Enteral Nutrition, PN
Parenteral Nutrition, SPN Supplemental Parenteral Nutrition, NUTRIC NUTrition Risk in the Critically
IIl, NRS Nutrition Risk Screening

20.5 Calculating Energy and Protein Targets

Optimal energy and protein requirements for critically ill patients are not yet known.
Although guidelines recommend adjusting energy targets according to the phase of criti-
cal illness [24, 42], there is currently no consensus definition on how to determine a shift
from one phase to another. However, it is clear that targets for energy and protein should
be individualised and revised over the course of critical illness, including when the clinical
condition changes and once the patient is discharged to the ward (8 Fig. 20.2).
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20.5.1 Energy

Currently, hypocaloric feeding over the first week of ICU admission is advocated [24]. The
basis for this is to reduce the risk of overfeeding as the endogenous production of glucose
cannot be measured at the bedside and thus cannot be accounted for in feeding regimens
[43]. Studies investigating the effect of hypocaloric or trophic vs. full enteral feeding over
the first week of ICU have not shown benefit or harm in terms of mortality and length of
stay [44, 45]. The effect on muscle wasting and long-term recovery is not known, although
the use of an early goal-directed nutrition strategy did not improve quality of life at
6-month post-discharge from the ICU [46]. However, methodological limitations need to
be considered when interpreting these studies, particularly the short the duration of the
nutrition intervention which is unlikely to lead to a long-term benefit [23].

The currently accepted definition for hypocaloric feeding is 70% of measured energy
expenditure [47] or 80% using a predictive equation [48]. Again, this is in relation to a
reduction in mortality only.

Whichever strategy is chosen (hypocaloric or full feeding), the gold standard for deter-
mining energy targets is indirect calorimetry [24]. Traditionally, cost and labour limita-
tions have prevented its widespread use. However, a model developed specifically for
mechanically ventilated patients has recently been made available and may help to over-
come the cost barrier. Nonetheless, not all patients are eligible for the use of indirect calo-
rimetry (e.g. FiO2 > 60%, CRRT, air leaks in ventilation circuit, including chest drains),
and in its absence predictive equations should be used (8 Table 20.1).

B Table 20.1 Common prediction equations for use in critical care

Harris-Benedict Males: (13.7516 x W) + (5.003 x H) — (6.755 x A)

Females: 655.0955 + (9.5634 x W) + (1.8496 x H) — (4.6756 x A)

Ireton-Jones (5x W) — (10 x A) + (281 x sex) + (292 x trauma) + (851 x burn) + 1925
(1992)
Ireton-Jones (5x W) — (11 x A) + (244 x sex) + (239 x trauma) + (840 X burn) + 1784.
(1997)

Penn State (1998) (Harris-Benedict x 1.1) + (Tmax x 140) + (VE x 32) — 5340

Uses actual body weight in non-obese and adjusted bodyweight (25%)
in obese

Penn State (2003) (Harris-Benedict x 0.85) + (Tmax x 175) + (VE x 33) — 6344

Penn State (m) (Mifflin-St Jeor x 0.96) + (Tmax x 167) + (Ve x 31) — 6212
ACCP 25 kcal x kg
Mifflin-St Jeor Males: (10 x W) + (6.25 X H) — (5x A) + 5

Females: (10 x W) + (6.25 X H) — (5 X A) — 161

W = Weight in kg; H = Height in cm; A = Age in years; For sex, 1 is male, 0 is female; trauma
present = 1 no trauma = 0; burns present =, 1, no burns = 0; Tmax = maximum body temperature
last 24 h; VE = minute ventilation in L/min at time of measurement; Kcal = calorie
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Several predictive equations exist for estimating energy targets in critically ill patients
(B Table 20.1); however, the most frequently used and cited is the weight-based equa-
tion, 25 kcal/kg. Several issues exist with weight-based equations including which weight
to use when patients fall outside of the normal range for body mass index, and subse-
quent lack of attention afforded to recalculation of energy targets when the clinical con-
dition changes due to the static nature of this equation. When using predictive equations,
it is important to consider the specific variables with which the equation was validated
and use these for the best accuracy. This includes checking whether actual, ideal, or
adjusted weight was used and the patient population in which the equation was derived
(e.g. trauma).

Little is known about the energy requirements of patients who are undergoing differ-
ent levels of rehabilitation, on non-invasive ventilation (NIV) or not ventilated in the ICU
or in the recovery phase post-ICU. For this reason, close monitoring of potential compli-
cations from underfeeding and overfeeding energy should occur.

Practice Point

There is a tendency when using weight-based equations to continue on this for the
duration of the patient’s ICU admission due to the lack of an updated weight. If using a
weight-based equation, close attention must be paid to changes in the patient’s
clinical condition which may affect energy expenditure (e.g. pyrexia, agitation, rehabili-
tation), and clinical judgement should be used accordingly.

20.5.2 Protein

Recently, recommendations for protein intake in the critically ill have been revised to
include higher targets [24]. It would seem reasonable that this strategy would reduce the
loss of muscle associated with critical illness and indeed improve recovery of muscle mass
in the post-ICU phase; however, robust evidence to support this is lacking. Nonetheless,
higher protein intakes have been associated with reduced mortality in observational stud-
ies, and a minimum of 1.2 g/kg/day is reccommended with adjustments for different clini-
cal situations being appropriate. 8 Table 20.2 shows protein recommendations for different
clinical conditions.

O Table 20.2 Protein recommendations for different clinical conditions in the critically ill

Patient group Protein target
General ICU 1.2-1.5 g/kg
Continuous renal replacement therapy 1.5-1.7 g/kg
Burns 1.5-2.0 g/kg
Trauma 1.3-1.5g/kg

Obese 2.0-2.5 g/kg (ideal body weight)
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Practice Point

An ideal body weight should be used for patients who are considered obese according to
BMI cut-offs. Actual body weight can be used for those patients with a normal BMI and
those who are underweight. There is no consensus on how to derive ideal body weight,
but a consistent approach to this is warranted in clinical practice.

20.6 Enteral and Parenteral Nutrition

20.6.1 Early Enteral Nutrition and Feeding Protocols

Although not necessarily related to muscle mass and recovery, commencing early enteral
nutrition in patients not expected to manage sufficient oral intake within 48 h (e.g. those
who are mechanically ventilated either invasively or non-invasively) is recommended [24]
(B Fig. 20.2). The easiest way to achieve this is to use a feeding protocol. The use of feeding
protocols in this patient population is associated with a shorter time to feeding as well as
time to meeting nutritional targets (energy and protein) [24].

Although each ICU will have a unique feeding protocol to suit their patient case mix,
common features should include the following:

Nurse-led and out of hours use of enteral nutrition

Guidance for managing feeding intolerance (e.g. prokinetics, post-pyloric feeding

tubes, parenteral nutrition)

Guidance for the management of patients at risk of refeeding syndrome

Referral criteria for specialist nutrition assessment

Providing enteral nutrition alone has been shown to lead to under delivery of nutrition.
This is as a result of frequent interruptions in feeding due to procedures and gastrointesti-
nal intolerance. Given the importance of meeting energy and protein targets, daily moni-
toring of nutrition delivery (preferably via an electronic medical notes system) is
imperative to enable timely correction of any deficits incurred (8 Figs. 20.1 and 20.2).
Strategies to increase the delivery of nutrition include the following:

Volume-based feeding

Having available a guideline for when to stop and start enteral feeding for procedures

Post-pyloric feeding

Protein supplements

Supplemental parenteral nutrition

Practice Point

== Currently available enteral formula may not be able to meet full energy and
protein targets.

== Using a concentrated feed (1.5 kcal/ml) has been shown to meet energy targets
over a 1 kcal/ml formula.

== As commercial formula is often low in protein, a protein supplement may be
required.
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20.6.2 Use of Total Parenteral Nutrition and Supplemental
Parenteral Nutrition

The use of parenteral nutrition (PN) in critically ill patients is controversial [43]. However,
it is important to understand the differences between total parenteral nutrition (TPN) and
supplemental parenteral nutrition (SPN). TPN is defined as providing all nutrition targets
via the parenteral route. Trophic feeding may be used in some instances for gut integrity,
but it is not expected that this will contribute to the overall energy and protein intake. On
the other hand, SPN is used as a supplement to enteral nutrition when 60% or less of
energy and/or protein targets are being met.

When provided at the same dose, EN and PN derive the same outcome in terms of
mortality, length of stay, and infectious complications [49, 50]. However, this appears to be
related to TPN only and not SPN. Current guidelines suggest withholding PN for 7 days
in patients not considered to be at high nutritional risk [24]. However, with the lack of a
robust nutrition risk score, the reality of clinical practice may be different. In this instance,
consideration should be given to the risk/benefit of providing PN, including the expected
duration of PN as short-term PN in any form is unlikely to be beneficial.

Studies investigating the effect of PN on muscle wasting and recovery are limited. One
study has shown that providing at least 1.2 g/k/day amino acids in the form of parenteral nutri-
tion improved grip strength, muscle wasting, and fatigue (secondary outcomes) compared with
0.8 g/kg/day [7]. However, this benefit has not been seen consistently with a study of early vs
late SPN indicating slower recovery using the MRC-sum score [8] and no difference on muscle
wasting in the patients receiving early SPN [10]. Given the conflicting data, care must be taken
to consider the nutrition status of the patient and potential that PN will lead to benefit.

Practice Points

== (Care must be taken not to overfeed energy when providing parenteral nutrition
in any form.

= Overfeeding may be more common when SPN is used, and therefore frequent
monitoring and adjustment of both EN and PN is required.

20.7 Monitoring of Nutrition Support

Given the controversy of the optimal nutrition prescription, it is important to ensure the
appropriate monitoring of nutrition status and intake (8 Figs. 20.1 and 20.2). Regular
monitoring of nutrition progress allows for prompt reassessment and adaption of nutri-
tion care plans. Similar to the assessment of nutrition status, monitoring should incorpo-
rate measures of anthropometry, biochemistry, clinical indicators, and nutritional intake.
Consideration of longer-term outcomes including functional status and quality of life is
also required. For enterally and parenterally fed patients, a complete assessment of their
clinical status, biochemical indicators, and nutrition intake should occur ideally daily, but
at least three times per week. Changes in anthropometry should be assessed weekly for all
patients, regardless of feeding route, and can incorporate those measures detailed in the
assessment section above. Factors to monitor are reported in @ Fig. 20.2.
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20.8 Additional Considerations

20.8.1 Oral Intake

While critical illness is usually associated with mechanically ventilated patients receiv-
ing artificial nutrition support, there are also a substantial number of patients that will
enter the ICU for whom nutrition needs will be obtained orally [51]. Orally fed patients
feature little in the critical care nutrition literature, and hence there are no guidelines
that provide recommendations on how to optimise oral nutrition therapy in critical
illness.

Oral intake may be reduced in critical illness due to a number of clinical factors.
Patients often experience dysphagia as a consequence of injury or dysfunction follow-
ing orotracheal intubation due to localised swelling or laryngeal tissue damage [52]. In
an observational study of traumatic brain-injured patients admitted to ICU, 85% of
patients required a modified texture diet during their hospital admission [53], and dys-
phagia has been shown to remain in one third of ICU survivors at hospital discharge
[54, 55]. Fatigue can also affect oral intake by reducing chewing ability with patients
reporting fatigue in 75% of patients during their ICU stay [56], at meals 2 weeks after
hospital discharge [57], and remains in 37% 12 months after ICU admission [58]. In
addition, a reduced appetite has been associated with decreased oral intake in hospital-
ised patients [57].

In the intensive care setting, there are two subsets of patients for whom nutritional
adequacy from oral intake should receive more attention.

20.8.1.1 Non-invasive Ventilation

For patients who receive non-invasive ventilation, oral intake can be disrupted. Reeves
et al. reported nutritional deficits during non-invasive ventilation (NIV) are substantially
below those prescribed with 75% of patients consuming <80% of goal calorie and protein
prescription [59], and Terzi and colleagues conducted a retrospective study that showed
more than half of patients receive no nutrition in the first 2 days of NIV [60]. Despite
many of these patients having a shorter ICU length of stay than ventilated patients, the
potential for cumulative nutritional deficits following ICU discharge means nutritional
intake of these patients should be assessed.

20.8.2 Post-extubation

Secondly, following removal of the endotracheal tube, simultaneous removal of the
enteral feeding tube may occur. Few studies have explored nutritional intake in
patient’s post-extubation. Using a modified 24-h multiple pass questionnaire, Peterson
and colleagues assessed oral intake in 50 patients for 7 days following extubation and
reported mean energy and protein intakes failed to meet more than 50% of prescrip-
tions on any day [61]. Similarly, Moisey et al. measured nutritional intake using
weighed food records for 7 consecutive days following liberation from mechanical
ventilation and reported energy and protein adequacy from oral nutrition to be 75%
and 30%, respectively [62].
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20.8.3 Post-ICU Nutrition

While it is known that patients experience significant nutritional deficits during their
intensive care admission, discharge to the post-ICU acute ward does not signal the end of
their medical journey. Patients may spend just a short time of their hospital stay in the
ICU, and hence post-ICU nutrition becomes central to recovery. However, until recently
there has been very little attention paid to nutritional intake during the acute hospital
period. In a subset of ICU patients admitted with a traumatic brain injury, Chapple et al.
quantified energy and protein deficits not only during the ICU admission but also on the
post-ICU acute ward [53].

It is likely that the reason for poor nutritional rehabilitation on the post-ICU ward is
multifactorial. Interviews with medical and nursing staff caring for head-injured patients
across the continuum of the hospital stay reported that nutritional management decreases
after ICU discharge, in terms of priority, perceived importance, and frequency [63].
Further, Merriweather and colleagues [64] conducted semi-structured interviews with 17
patients following ICU discharge and reported a number of organisational issues were
responsible for reduced nutritional care after ICU discharge, including disjointed dis-
charge planning and inflexible meal service [64]. Other aspects of transitional care have
also been documented such as poor communication during hand-over processes [65, 66].
Therefore, greater focus should therefore be placed on nutritional intake over the entire
hospital stay.

Practice Points

== Strategies to increase oral intake need to consider factors that affect intake.

== Nutritional intake should be considered as cumulative deficits not just during the
ICU admission but across the entire hospital stay.

== A clear nutritional treatment plan, which includes an overview of nutritional
intake and status during ICU, should be communicated to all health professionals
on ICU discharge.

— Take Home Messages

Nutrition support during critical illness is considered a necessary therapy.
Appropriate nutrition support should be provided across the continuum of
care, including in the acute phase of critical illness, on the ward, and extending
to rehabilitation and into the community as required.

A thorough nutritional assessment should be undertaken within 72 h of
admission to the ICU and should be repeated frequently throughout the ICU
and hospital stay.

Feeding protocols can help to commence early enteral feeding and manage
the cumulative nutrition deficits that arise over the course of ICU admission.
Nutrition support includes the consideration of oral intake and should not
stop when the patient is extubated or on NIV.

Nutrition in the post-ICU phase has the potential to impact on recovery.
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Learning Objectives

At the end of this chapter, you should have learned much more about:
Food intake physiology and critical illness disorders
Possible strategies to improve food intake in the ICU and organisational aspects
Priorities for future research

21.1 Introduction

Patients that survive intensive care will have to pay back that organic debt. As a result of
their prolonged catabolic state, critically ill patients suffer severe undernutrition, which is
characterised by muscle-mass meltdown, insulin resistance, vitamin deficiency, impaired
healing, bedsores, immobility, cognitive impairment in some cases and susceptibility to
infections and depression [1]. The loss of muscle proteins is a major consequence of criti-
cal illness, and the rebuilding of muscle will require huge intakes of calories and proteins.
Unfortunately, adequate nutritional intakes, after the acute phase of critical illness, are
frequently limited by several different factors. Although data on nutritional rehabilitation
during the recovery phase of critical illness are rare, similar concerns have been managed
by specialists of several other fields. Inappropriately low nutritional intakes can be related
to psychological disorders, alterations in taste, swallowing disorders as well as patients
missing their meal due to organization procedures. Nutritional recommendations in this
field are scarce and not necessarily applied [2].

Specifically, the following issues will be developed:
1. Food intake physiology and critical illness disorders
2. Possible strategies to improve food intake in the ICU and organisational aspects
3. Priorities for future research

21.1.1 Food Intake Physiology and Critical lliness Disorders

From a practical viewpoint, three phases can be distinguished, even if they share some
common regulatory mechanisms: a pre-prandial phase, a prandial phase and a post-
prandial phase. In the critically ill, the pre-prandial phase is altered by a loss of appetite,
the prandial phase can be altered by the presence of swallowing disorders and the post-
prandial phase can be characterised by impairment of gastric emptying, gut motility and
alterations in the feeling of satiety.

21.1.1.1 Pre-prandial Phase

Physiological Regulation

This phase is sometimes called the “cephalic phase”. After stimulation, multiple responses are
set off including salivation, gastric secretion and hormonal secretion. Hunger (as measured by
visual analogue scales) increases on sight of pleasant food [3]. The gastrointestinal tract releases
a peptide called ghrelin that acts as a stimulator of appetite [4]. Its plasma levels increase before
food intake and decrease progressively in the post-prandial period. This would suggest that
ghrelin probably has an important role in initiating food intake, triggered by hypothalamus
[5]. Conversely, peptide YY (PYY) is secreted by colon and rectum and, to a lesser extent, by
pancreas, small-intestine and stomach. PYY seems to modulate gastrointestinal motility:
pharmacological doses of PYY slow gastric emptying and small-intestine transit.
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Loss of Appetite During Critical lllness

Psychological Factors

A review from Cutler et al. [6] has described different patient experiences in ICUs. Often,
patients cannot make the distinction between reality and hallucination. This is probably
due to psychological changes associated with the drugs used in critically ill patients. At the
same time, they describe near-death experiences due to hospitalisation in ICU. This is a
major obstacle for patients in finding a new meaning to their life and realising that they
are indeed alive. Gradually, the patients recognise the transformation of their body, as well
as the effect of the disease itself. At the same time, patients begin to understand their
resuscitation story (defined as “nightmare” by some patients), thanks to the information
given by the medical staff. Family environment is important for support and love, but it
reminds patients of life outside the ICU. These feelings throughout hospitalisation in ICU
can cause depressive episodes, major anxiety, insomnia and even panic attacks [6]. Jubran
and colleagues have shown in a prospective study of 336 critically ill patients during wean-
ing phase that 42% of the patients were diagnosed with depression. In this same group,
respiratory distress and mortality during the weaning phase were significant [7]. All these
symptoms (depression, anxiety, low mood, pain, sleep disturbances, etc.) may affect palat-
ability of food, contribute to the anorexia of critically ill patients and negatively impact
food intake.

Sensory Function in ICU

Sensory stimulation and vision is an active part of food intake involved in the “cephalic
phase”. Various diseases (cirrhosis, Guillain-Barré syndrome, COPD, oncological disease,
kidney failure, etc.) [8, 9] can produce taste alterations (hypogeusia, dysgeusia) and a
smell perturbation (hyposmia, anosmia). On the other hand, many drugs are implicated
in the loss or distortion of meaning (chemotherapy, antibiotics, anti-inflammatory, anti-
hypertensive, etc.) [10, 11]. These changes may also decrease palatability of food, affecting
food intake, and thus generate anorexia and malnutrition [12]. An interesting study of
nutritional care and patients’ experiences in ICU reported taste changes during the first
few days post transfer to the ward. Some patients reported that food is salty, and others
experienced a metallicky taste when eating [13].

Changes in Gut-Derived Hormones

Nematy and colleagues conducted a prospective observational study on blood levels of
ghrelin and peptide YY in ICU patients and healthy volunteers (control group). Sixty
patients were included in the study, and the levels of ghrelin and PYY were analysed on
days 1, 3, 5, 14, 21 and 28. Critically ill patients showed lower plasma concentrations of
ghrelin as compared to healthy volunteers (control group). In contrast, PYY levels were
higher in ICU patients compared to healthy volunteers. Ghrelin levels increased during
hospitalisation and were still high on day 28. A positive relation was found between hun-
ger in the fourth week and the increase in plasma ghrelin concentration. The author con-
cluded that these findings could explain the alteration of food intake in this setting [13].
The same group further described exaggerated post-prandial suppressive response to
ghrelin associated with decreased food intake (50%) in a group of patients after a coronary
bypass. At the end of their hospitalisation, patients had an average loss of 4% in body
weight as well as a decrease of 5% in arm circumference [14]. Similar findings were
recently reported [15] even though no association between the circulating levels of ghrelin
and gastric emptying was found.
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21.1.1.2 Prandial Phase (Actual Food Intake)

Physiology

Swallowing is a sensory-motor activity that occurs every minute to manage saliva and doz-

ens of times during a meal to ensure hydration and nutrition. It must be functional at birth.
There are three phases in swallowing:
Oral phase: This phase requires integrity and functionality of the lips, tongue and jaw
muscles. During this phase, pleasure is developed through the stimulation of taste
buds and olfactory receptors. The duration of this phase depends on the type of food
as well as hunger, motivation and environment. The oral phase ends when the bolus
passes the velum pillars.
Pharyngeal phase: This is a reflex phase corresponding to the time taken by the bolus
to move from the oropharyngeal isthmus to the upper sphincter of the oesophagus.
This is the most critical phase of swallowing, where the bolus moves through the
aero-digestive junction. This phase is comparable to a 0.75 s apnoea. However, it may
be longer in the case of solid foods sphincter opening. In awake subjects, 80% of the
swallowing occurs during expiration in respiratory cycle.
Oesophageal phase: This phase ensures the transfer of food from the upper sphincter
of the oesophagus to the cardia, with a peristaltic wave that travels up and down the
oesophagus.

Swallowing Disorders During Critical lliness

In the ICU, the incidence of swallowing disorders or dysphagia is variable. A meta-analysis
reported an incidence ranging from 3% to 62% of patients after extubation. This variabil-
ity was due to the heterogeneity of the population included (i.e. patients after a stroke or
not) as well as the methods used to assess swallowing disorders (clinical or instrumental)
and the moment chosen for patient evaluation (days 1, 2, 5, etc.) [16]. More recently, a
multivariate analysis of retrospective study including 446 patients without neurological
impairment has showed that an intubation period of more than 7 days was an independent
predicting factor for moderate or severe dysphagia. Also, dysphagia was a predictor of
pneumonia, re-intubation and mortality in hospital. One hundred seventy-nine patients
had moderate to severe dysphagia, and 132 (74%) had no oral nutrition. Ninety-eight
patients (55%) left the hospital with dysphagia, and 26 (15%) patients were discharged
from hospital with a gastrostomy [17].

Another retrospective study including 254 patients after cardiac surgery with pro-
longed intubation has showed an incidence of 51% for dysphagia. The average time before
oral feeding was started was 76 h after extubation. Eighty-six patients (33%) started oral
nutrition within the first 24 h post extubation. The average length of mechanical ventila-
tion and dysphagia were described as independent factors causing a delay in food intake.
Dysphagia is also an independent factor increasing average length of stay in hospital [18].
On a physiopathological point of view, post-intubation swallowing dysphagia has appeared
to be multifactorial, depending on laryngeal mucosal lesions, inflammation and oedema,
uni- or bilateral vocal cord immobility, insufficient closure of the larynx during swallow-
ing or muscle atrophy during intubation [16]. Some authors have shown that the swallow-
ing reflex is delayed in post-intubation. Lag time is lengthened and the reflex is triggered
with a delay [19]. This has been proven to be due to an alteration of chemoreceptors and
mechanoreceptors located in the mucosa in contact with the endotracheal tube [20].



315
Nutritional Rehabilitation in the ICU

21.1.1.3 Post-prandial Phase (Satiety)

Physiological Regulation

Control of food intake depends on neurological and hormonal signals. Ingesting food
induces gastric and intestinal mechanoreceptors to respond via the vagus nerve.
Chemoreceptors, also present at the gastrointestinal level, are sensitive to different
nutrients (carbohydrates, lipids and peptides). These signals are routed to the solitary
nucleus in the brainstem and integrated along with visceral signals and sent to the
hypothalamus.

Post-prandial Disorders of the Critically IlI

Impairment in gastric emptying is also common during critical illness, although it can be
partially prevented by an early initiation of enteral feeding in patients unable to eat. A role
of gut-derived hormones has also been hypothesised to explain these alterations. Many
hormones of gut-brain axis are involved in energy and metabolic regulation; some of them
are studied in intensive care. Cholecystokinin (CCK) and PYY secreted by the gut have an
anorectic effect, play a role in GI motility [21] and are both increased in ICU patients [13,
21, 22].

Gastrointestinal symptoms of ICU patients may contribute to the reduction in food
intake. Symptoms such as nausea, vomiting, bloating, diarrhoea and constipation will
cause a discomfort that may hinder oral nutrition. A prospective observational study over
3 years evaluated gastrointestinal symptoms in ICU patients. One thousand three hun-
dred seventy-four patients were included, 775 (59.1%) had at least one gastrointestinal
symptom and 475 (36.2%) had more than one symptom during the ICU stay. In this group
of patients, 501 (38.2%) had nausea and vomiting, 184 (14%) diarrhoea and 139 (10.6%)
abdominal bloating. The presence of digestive symptoms was an independent predictor of
mortality in intensive care units [23].

21.1.2 Practical Attitudes

21.1.2.1 Selecting Patients

Probably, the first point in such a strategy is selecting those patients who can be safely fed
orally such as patients without swallowing disorders. Oral intake can be risky in case of
preexisting swallowing disorders, stroke, exacerbation of neuromuscular disease (myas-
thenia gravis, muscular dystrophy, Guillain-Barré syndrome, ALS or myotonia), neuro-
surgical patients undergoing oncological treatment, severe traumatic brain injury, surgery
of the aerodigestive junction, radiotherapy or chemotherapy. In these patient groups,
long-term enteral access is commonly required [24].

21.1.2.2 Conditions for Food Intake

Certain conditions are needed before trying food intake: for a conscious patient who
responds to simple commands, time allowed between extubation and food intake is
variable and should be subject to case-to-case assessment. In general practice, a period
of 12-24 h without ventilation should be respected [18]. At the same time, we must
achieve hemodynamic and respiratory stability, with low doses of vasoactive amines and
oxygen [25].
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21.1.2.3 Swallowing Test

The atmosphere around the meal should be calm; avoid talking during food intake. The
person feeding the patient should be facing the patient. Hot or cold foods, spices or fla-
voured fizzy drinks will stimulate positively intraoral sensitivity.

Postures are important when starting the swallowing test. We suggest that the patient
should be sitting up straight with his head bowed to the ground and use a small spoon and
no straw. You can use products with mixed consistency (flan or mash) as these have proven
to be no more dangerous than liquids [26]. One study has shown that 90 ml of water is a
good test to start oral nutrition [27]. If after the 90 ml of water there are no signs of inhala-
tion, a specific diet can be started without fear for additional complications [28]. You
should suspect dysphagia and inhalation in case of coughing, multiple swallowing, odyno-
phagia, drooling, nasal reflux, choking or a tearful voice. Negative tests for swallowing can
be made once or twice a day. If they are still negative after 48 h, seek expert advice for a
nasofibroscopy. Preemptive swallowing stimulation before extubation decreased the rate
of swallowing disorders from 50% to 27% [29].

21.1.2.4 Food Management

The dietitian looks mainly for food aversions and asks for the family’s opinion on compos-
ing the meal tray. Family involvement can be of significant help. First, it has been shown
that participation in care increases satisfaction and decreases anguish and anxiety [30].
Azoulay et al. have shown that 76% of patients wanted the participation of relatives in
routine care and 70% wanted their relatives to be involved in their diet [30]. Active family
participation improves food intake for groups of HIV and diabetic patients [31, 32].
Families can contribute positively to mealtime on a social level by bringing food that the
patient wants and that is not available in hospital kitchens [33]. Restrictive diets must be
avoided in the ICU (diabetic, salt-free, lipid-lowering, etc.) except in some cases (food
allergy, malabsorption). At the same time, regular pain assessment must be made consid-
ering that patients with pain were observed to eat very little food at mealtimes [34]. The
hospital’s pain centre may even be asked to make a proper evaluation and therapy. Some
patients have psychotropic medication before ICU admission (antidepressants, anxiolyt-
ics, etc.), and the absence of contraindications must be assessed before their readministra-
tion. Nausea and vomiting should be carefully managed and should be treated with
metoclopramide with follow-up. Constipation should also be monitored and treated
where necessary. Ionic modifications must be corrected (natremia, phosphoremia, mag-
nesemia or kalemia) as well as glycaemic changes using standard protocols.

The choice of food must be positive (by taste and not by aversion). The patients must
have a list of meals available to choose from. Monotony is a frequent source of undernutri-
tion. If possible, within staffing constraints, patients should be asked at what time they
prefer eating. ICU patients are mostly undernourished [24]. Oral refeeding must be the
best possible right from admission to ICU. The three main meals should be enriched with
calories and proteins without increasing the overall volume. Palatability should be
increased by adding butter, oil, whole milk pods, grated cheese, sugar, chestnut cream and
honey. Oral nutritional supplements in addition to meals such as snacks and outside meals
are to be encouraged (2 h before or after). They must be adapted to the patient’s taste and
ability to swallow (soups, creams, juices, neutral products, cereals, dairy liquids, cakes and
protein powder). In the first 24-48 h, the dieticians must make an accurate assessment of
the quantities eaten. If caloric and protein intake per day is less than 75% of estimated
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needs [35], supplemental enteral nutrition may be indicated via a thin tube (Fr/CH 8-10,
120 cm), thereby allowing oral intake and communication without increasing the risk of
inhalation. Alternatively, an enteral access via gastrostomy or jejunostomy can be inserted.
The enteral nutrition formula can be administered overnight without having a negative
effect on hunger and satiety [36]. This nutrition supplement should be maintained until
the patient manages to consume at least 70% of recommended intake.
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21.1.3 Priorities for Future Research

As stated before, involvement of families in care (food intake in the specific) may become
crucial for critical patient recovery. The development of programmes including families
on care may improve treatment overall load [37]. Therefore, the respect of cultural and
religious diversity of our patients and their families should become a priority of care in the
ICU [38]. Regardless of origin and religion beliefs, human beings must be considered
equal and free.

The use of intravenous ghrelin analogues has been effective in cancer patients with the
result of increasing food intake and appetite [39, 40]. In COPD patients, the administra-
tion of intravenous ghrelin twice a day for 3 weeks improves muscle strength as demon-
strated by the 6-min walk test and spirometric parameters [41]. The same team has also
shown positive results in patients with congestive heart failure [42].

It is important to note that some of the anabolic effects of ghrelin are due to stimulated
secretion of growth hormone (GH) [43]. However, the effect of GH secretion remains to
be carefully verified as the administration of GH has been proven to increase mortality in
ICU [44].

21
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Also, future physiologic studies of the brain gut axis in ICU need to be carried out to
establish the basic levels and the role of certain hormones such as motilin, GLP-1 and
GLP-2.

Some teams have worked on the effect of exercise in ICUs on a metabolic and functional
level.

Conclusion

Food intake in the ICU is even more complex than outside the ICU environment since sev-
eral factors play a role. Currently, intensive care medical literature and experience is too
poor to help in daily practice. Even the nutritional management of certain groups of patients
who are not intubated during their ICU stay, such as patients undergoing high-flow oxygen
therapy and patients on non-invasive ventilation [45], does not follow international recom-
mendations. Future research is expected in this field. In the meantime, improving meals and
food intake will come from multidisciplinary teamwork and communication with all down-
stream wards. Obtaining feedback on the patients’ development in rehabilitation centres
and their social reintegration are key factors in improving our practices.

— Take Home Messages

Food intake in intensive care is not codified and is very important in the rehabili-
tation phase.

Management must be multimodal and multi-disciplinary.

The contact with the rehabilitation departement is important for the feedback
and the improvement of the care.
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Learning Objectives
To understand the history of ICU follow-up clinics
To understand the need for, and potential benefits of, ICU follow-up clinics
To understand the current literature into the effects of ICU follow-up consultation

22.1 Introduction and the History of ICU Follow-Up

The intensive care unit can often seem like some form of technologically dominated cita-
del at the centre of the hospital; so how is it that the practice of intensive care medicine has
come to be involved in the long-term care and rehabilitation of survivors, even after they
have been discharged from hospital? The origin of this seems lodged several decades ago
with colleagues from an internal medicine (rather than anaesthesiological) background
that were reviewing patients after discharge in their own medical outpatient departments.
They observed that many patients seem to be struggling with certain aspects of their
recovery [1]. Perhaps previously, intensive care clinicians had waived the patients through
the exit door of the unit anticipating a fairly trouble-free recovery back to something very
close to their premorbid level of existence. However, what these colleagues noticed was
that for many people leaving, the intensive care unit seems to be the start of a journey,
rather than the end of one [2].

So why should this have been a novel finding? Well, it is possible that clinicians who
were receiving discharged intensive care patients into their medical or surgical services
were simply not seeing sufficient numbers to identify patterns of difficulty experienced by
many patients. As multiorgan failure is one of the highest risk factors for aggressive muscle
wasting [3], perhaps the majority of the sickest ‘at-risk’ patients did not survive to fall
victim to the long-term consequences of critical illness [4]. Possibly, clinicians were not
focused on issues not necessarily in their primary field of interest. Perhaps, the contribu-
tion of colleagues in the therapy professions was not as prominent or valued as it is today,
or indeed the focus of physiotherapists in particular was towards respiratory care, and not
rehabilitation orientated.

However, extremely observant clinicians began to notice patterns of difficulty experi-
enced in the patients that they were seeing. In response to this, exploratory studies were
established to challenge the notion that recovery was a straightforward thing for the
majority of patients. These early studies seem strikingly prescient in that they identified
many of the elements of what is now described as the post-intensive care syndrome
[5-10]. Specifically, patients were weak and appeared to have lost significant muscle mass;
there was early fatigue in tasks which had previously not seemed challenging; they had
lost cardiovascular endurance, as well as confidence in their ability to perform their own
activities of daily life; and a variety of other physical complaints ranging from sexual dys-
function, to joint stiffness, to persisting breathlessness are outlined in detail in Part I of
this book.

In addition, there appeared to be patterns of non-physical difficulty observed
including anxiety, depression, and the symptoms of post-traumatic stress disorder in
some [11, 12]. Along with these observations developed an appreciation that for many
individuals the memories of their time in the intensive care unit were strange, sometimes
troubling, and formed a fundamental backdrop to their recovery [13]. A further key
observation was that the experience of intensive care could be part of a very negative life
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experience or, for some, something more positive. This can be related to the discrepancy
between our realities and our expectations [14], for example, a young person experienc-
ing a major road traffic accident will tend to view their whole experience as a negative
change in health status, and this will be the prism through which they will view their
recovery. By contrast, an elderly person recovering from an a aortic valve replacement for
a disease which had rendered their life intolerable due to breathlessness and chest pain
may view their recovery somewhat differently, in that their life is no longer dominated by
the pre-surgical symptoms, and thus they may feel the whole thing has been something
of a positive experience. Occasionally, patients who have come through a critical illness or
survived major trauma will exhibit post-traumatic growth, a phenomenon of increased
positivity exhibited by some after surviving a serious challenge; this is characterised by
reappraisal of one’ life and priorities, better body awareness, and development of oneself
[15]. The recognition of the complex collection of symptoms experienced by ICU survi-
vors led to the implementation of the ICU follow-up clinic within clinical practice, not
just a research setting. Diagram one displays the typical elements that may form impor-
tant factors in an ICU survivor’s recovery (8 Fig. 22.1).

The optimum model of intensive care follow-up has yet to be established, and the
delivery of ICU follow-up is consistent between centres and countries [16]. In the
United Kingdom, the delivery of ICU follow-up was audited in 2006, and at that time

Pain Cognitive
Physical limitation impairment

Anxiety

Depression Perc.eived
Stress Memories change in health

of intensive care
/Amnesia

Social isolation Nutritional deficit

Ongoing disease

O Fig.22.1 Typical elements may come from important factors in an ICU survivor’s recovery depicted
as an “exploded”Venn diagram. How these elements link up and interact for an individual, and the
relative importance of each, seems impossible to predict. Important external factors may conceivably be
the presence of family support and continuing health and social care input
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around 25% of Intensive Care Units had some form of follow-on service [17]. Since
then, the recommendations on rehabilitation after critical illness published by the
National Institute for Health and Care Excellence (NICE) (Clinical Guideline 83, 2009)
[18] and the subsequent NICE Quality Standards for Rehabilitation after Critical Illness
(2017) [19] have been published. Both of these documents stipulate that patients should
be assessed at 3 months after discharge for quality of recovery and future rehabilitation
needs; however, no recommendations were made on how this could be achieved. A
subsequent survey of NICE CG83 implementation in 2014 showed that despite this
clinical guidance, ICU follow-up was still only offered in 27% of UK Intensive Care
Units [20]. It is currently unclear how widespread these recommendations have been
adopted.

In addition, published studies of intensive care follow-up clinics have failed to demon-
strate a measurable benefit in health-related quality of life, depression, anxiety, return to
employment, physical problems, or cost-effectiveness but may have a positive effect on
PTSD [21, 22]. Of note, numbers of interventional studies in ICU survivors, such as post-
ICU rehabilitation, have also failed to demonstrate a measurable benefit [23-25]. In some
however, a convergent mixed methods approach has been taken with qualitative analyses
running in parallel. These studies have shown that patient satisfaction and engagement
with the recovery process seem to be higher in the arm of the trial more intensively man-
aged [26, 27]. This suggests that perhaps some of the literature may have either not had the
correct model of intervention or alternatively had selected outcome measures that were
simply unresponsive to any change and/or had significant floor and ceiling effects. Thus,
the evidence base behind delivering benefit through an intensive care follow-up service
remains patchy at best.

Work done with patient and carer groups has repeatedly identified that the steps down
from a very high to very low intensity model of care is a source of great uncertainty and
anxiety, often labelled as ‘relocation stress’ in the literature; patients and family members
feel insecure in what the rehabilitation plan should be, and the communication of this
plan is often interrupted by transfers [28]. In an effort to improve this, even in the absence
of an evidence base, the UK Health Service has introduced mandatory quality standards
concerning the development, documentation, and communication of multidisciplinary
rehabilitation plans for particularly vulnerable groups [19]. Logically, it seems possible
that these may improve individuals’ recovery and their engagement and motivation may
be supported by such arrangements. One early interventional study, which demonstrated
a signal for improvement, involved a self-directed rehabilitation manual, which was deliv-
ered to patients as they left the hospital [29]. However, it was felt that the support of the
intensive care team was essential to the success of this particular venture.

22.2 What Have Follow-Up Clinics Taught Us So Far?

There is no doubt that the evolution of intensive care in clinics and the opportunity to
conduct research based in such clinics have provided a window onto the experiences of
patients recovering from critical illness [30]. However, there are some caveats that need to
be stated before overly extrapolating research derived from intensive care clinics. There is
often an appreciable ‘lost to follow-up’ rate from the original target populations identified
within an intensive care setting. Often, only a fraction of this population ends up being
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reported on in detail. The reasons why one individual might chose to attend a clinic
(whether or not there is a study involved) and another chose not to attend are impossible
to ascertain. This leads to a major unquantifiable risk of enrolment bias, and thus the true
prevalence of particular conditions in the survival population is often hard to ascertain.
This is particularly apparent with post-traumatic stress disorder (PTSD) where an honest
attempt to identify the relevant literature and produce an estimate of the prevalence of
PTSD was undermined by differing estimates within the literature [31]. One excellent
example of a more robust study was published by Dr Wade and co-authors who identified
patients within intensive care and established such a personal relationship with them that
the patients’ loyalty to the investigators and the study was so strong that the dropout rate
was extremely low [32]. This gave far more convincing estimates of prevalence rates for
psychological problems.

The range of physical consequences reported which are dealt with in detail in other
chapters include a loss of skeletal muscle [3], with associated impairment of functional
status [4-7], loss of appetite and nutritional impairment, stiff joints, and a myriad of
other complaints, ranging from damage to the upper airway to hair loss [2]. From the
point of view of non-physical consequences, there are multiple reports of persisting cog-
nitive impairment, along with a burden of anxiety and depression and in some post-
traumatic stress symptoms and frank post-traumatic stress disorder [11, 12]. In addition,
studies have also identified that many individuals, once discharged home, require sub-
stantial assistance from those around them to live securely in a non-hospital environ-
ment. The family members frequently become enrolled as informal caregivers, and this
can have adverse consequences for their own lives, as well as the family unit more broadly
[9]. Importantly, the financial resilience of the family can be unsettled, and family finan-
cial security and employment can be adversely affected by duties as informal caregivers;
this seems particularly the case for the self-employed and those running small businesses
(1, 2].

22.3 The Need for ICU Follow-Up

Those admitted to critical care can have vastly different underlying diagnoses; they are a
notoriously heterogeneous group. Some of the ‘speciality’ patient populations have recog-
nised long-term rehabilitation needs and hence fall under established care pathways.
Examples include stroke survivors who (in the United Kingdom) are a priority patient
group for community rehabilitation services [33]; cardiology/cardiothoracic patients who
have a structured cardiac rehabilitation programme, which in the United Kingdom is sup-
ported by British Heart Foundation (BHF) trained fitness instructors long term (» www.
bhf.org.uk); and Chronic Obstructive Pulmonary Disease (COPD) patients, who usually
fall under a structured programme of pulmonary rehabilitation and follow up with their
respiratory physicians [34]; but what about the ‘non-specialist’ patient populations? Those
with no recognised ‘chronic health condition’ - pneumonia, flu, and bowel perforation, to
list a few. These patients had not traditionally been recognised as having a ‘chronic condi-
tion, and as such no care pathways had been in existence. However, research into ICU
follow-up has taught us that these patients do have chronic health needs, which can pres-
ent in a multitude of ways; these are outlined in detail in part I and part II of this book. In
fact, some of these specialised rehabilitation pathways are not necessarily optimum for
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longer staying ICU survivors; for many such patients, the issues which come to dominate
the latter stages of their ICU stay and their future recovery are more about ‘chronic critical
illness; rather than their admitting diagnosis. Thus, services need to be sensitive to these
needs, rather than simply say confidence building in a post-myocardial infarction cardiac
rehabilitation service.

These patients historically fall through the cracks of community services, exacerbat-
ing the sense of relocation stress; in the absence of responsive community-based ser-
vices, ICU follow-up clinics are their safety net. Even for those under established care
pathways, they allow identification and management of the specific issues prevalent in
the ICU group, such as PTSD, which may not be assessed routinely. Although the quan-
titative measures of the impact of follow-up clinics have shown little impact, qualita-
tively, this coordinated approach to care demonstrates much better patient satisfaction
than routine care.

22.4 Current International Practice

The delivery and provision of ICU follow-up is variable between centres and geographi-
cal locations. Some will offer a self-help manual for the patients to work through by
themselves [35]. Others offer a staged approach to follow-up, with the provision of a
patient diary at ICU discharge, ward follow-up from ICU staff, and then outpatient
review between 6 weeks and 12 months after discharge [36], whereas some centres will
have a one off follow-up at around 6-12 weeks. These can be nursing led or multidisci-
plinary led [35].

The optimal method of delivery is yet to be established. A Dutch expert consensus
statement recommends nurse-led follow-up as one between 6 and 12 weeks after ICU
discharge to screen for physical, psychological, and cognitive needs [37]. However, nonat-
tendance rates for these types of clinics can be high at up to 31% [38], and such a system
may not practically work in hospitals with wide catchments areas, such as Australia or the
United States [38]. Adequate funding to provide these services can also be problematic,
especially the absence of quantitative evidence base.

Further detail on the feasibility and structure of follow-up clinics can be found in
» Chaps. 23 and 26.

22.5 Patient Experience of ICU Follow-Up Clinics

Work to explore the patient experience of follow-up clinics has identified that they can
play a key role in the filling in of life narrative that has been lost due to amnesia. This can
help patients to process and make sense of their experiences allowing them to move on
[39]. This is particularly useful for patients whose partners struggle to talk about their
time on ICU due to their own psychological distress; follow-up clinics for relatives has
been suggested in view of this and may be of benefit [38].

Additionally, follow-up clinics provide an opportunity for patients and relatives to
clarify information and advice. While many patients are given the option to contact their
ICU teams to discuss their concerns after their discharge, some survivors have reported
feeling uncomfortable disrupting busy clinicians. Follow-up clinics provide a structured
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forum to discuss concerns with the ICU staff members who cared for them [39]. This
reunion and continuity of care is valued by patients, and on-going specialist monitoring is
often reassuring. Conversely, follow-up clinics also provide an opportunity for patients to
feedback to the ICU staff about their experiences, which, if acted upon, could help to
improve care for future patients [39]. Of note, follow-up clinics that include a visit to the
ICU should be well planned and done with caution, as there is a risk of further distress if
returning to the actual ICU environment [40].

Follow-up clinics can also help patients to manage their expectations regarding recov-
ery. Critical care survivors, on the whole, will not have been in this situation before, which
means that they have no yardstick to monitor their progress and expectations against.
Knowing what is ‘normal” or to be expected in terms of recovery milestones and time-
frames reassures both patients and relatives [40]. This is best delivered by expert clinicians
whom they trust and who know their history.

ICU follow-up also provides an opportunity for onward referral to specialist rehabili-
tation services, with between 7% and 50% [38] of ICU follow-up consultations leading to
onward referral.

22.6 The Future of ICU Follow-Up?

The evidence that many ICU survivors experience long-term consequences of critical ill-
ness seems secure. Less secure, and somewhat circumstantial, is the evidence that follow-
ing such patients up, and providing care based from within the critical care team delivers
benefit, even though this is intuitively appealing. Convenience and responsiveness are
important [9], and many patients do not find repeated hospital attendances attractive, but
even well-developed generic community-based support may lack the knowledge of critical
illness needed to support people in detail. Communication and information have been
highlighted repeatedly as important enablers. Whether generic community support can
be leveraged with carefully co-designed website-based help (e.g. » http://www.
criticalcarerecovery.com) has yet to be fully evaluated.

What services are available in an individual community is clearly a very local, but
crucial, issue. Thus, attempting to identify some globally applicable optimum service
model seems a potentially futile exercise. Perhaps, effort might be more usefully expended
on identifying the exact elements of a holistic enhanced rehabilitation programme that
would be beneficial and leaving delivery model to local people. The elements of such a
programme are likely to include attention to physical re-enablement, psychological and
motivational support, and nutritional optimisation; studying these as isolated interven-
tions may not be successful, as they are likely to interact significantly. Thus, combination
packages of therapy may need to be studied as complex interventions; this is difficult sci-
ence, and careful thought will be needed to ensure future studies are designed with out-
come measures that are more likely to be sensitive to patient-centred and important
change, while recognising that recovery is likely to be non-linear, and what is considered
important to the patient may fluctuate and change as they progress and adapt to new dis-
ability [41]. On-going work to identify core outcomes for critical care may assist in the
process (> http://www.comet-initiative.org). We may have to compromise on our reduc-
tionist enthusiasm for understanding detailed cause and effect for the general benefit of
our patients and their families.
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Conclusion

Although critical illness starts with an acute event that often strikes suddenly and without
warning, follow-up studies of critical care patients have clearly taught us that it ends less
abruptly, with lingering consequences, and can shape the rest of their life - for better or for
worse. It may be pragmatic to consider recovery from critical illness in two stages: resuscita-
tion followed by rehabilitation. This rehabilitation stage is likely to be turbulent and
non-linear with patients reporting accounts of fragmented care and insufficient support
services. Follow-up consultation, although lacking a quantitative evidence base, may
provide a safety net for critically ill patients whose needs may slip between the cracks of
healthcare services. The opportunity to talk to staff, to explore what they have been through
with those who truly understand it, and to fill in gaps in memory and therefore life narrative
can help patients move on and reconstruct a compelling future.

—— Take Home Messages

== Critically ill patients can develop significant physical and psychological morbid-
ity that can dictate their course of recovery and lead to a turbulent journey of
rehabilitation and reintegration of life outside the ICU.

== |CU follow-up clinics have helped to elucidate the complex problems that
critical care survivors experience, establishing chronic care needs as fundamen-
tal to recovery from critical illness.

== Evidence to support ICU follow-up has shown little demonstrable quantitative
benefit in terms of addressing both physical and psychological problems,
although it may be beneficial to sufferers of PTSD.

== However, qualitatively, the research suggests that ICU follow-up is beneficial;
supporting transitions of care, filling in of lost life narrative, and improving
patient satisfaction. The delivery of ICU follow-up, by ICU clinicians, seems to
reassure patients, and meeting the team who cared for them can help patients
move on.

== Research into ICU follow-up is hampered by selection bias and potentially
insufficiently sensitive core outcomes.
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Learning Objectives

You will learn from this chapter:

== Types of follow-up clinics

== |mplementation issues in ICU follow-up

== How to organize an ICU follow-up programme

23.1 Introduction

Wider and more sophisticated use of technology in healthcare has reduced intensive care
unit (ICU) mortality rates and increased the number of susceptible patients at risk of post-
intensive care syndrome (PICS), as described in other chapters of this book [1]. As a result
of the rising incidence of PICS, an increasing number of ICU healthcare workers feel
concerned by PICS, post-ICU and post-hospital care. In particular, the issues of quality of
life and social rehabilitation emerged as public health problems for which intensive care
medicine endorses a major responsibility.

The concept of follow-up clinics arose in 1985 in the UK, and in recent years, more
clinics of this type have emerged around the world [2]. The general concept is displayed in
O Fig. 23.1 as the course of an acute illness followed by different steps of follow-up. In the
absence of formal standards, each ICU establishes its programme relying on its policies,
regulations and resources as defining criteria [3, 4]. The feasibility of the local programmes
depends on how models are adapted to local situations, ensuring benefits for patients,
health workers, family members and quality of care.

This chapter aims to help ICU practitioners implement follow-up clinics using a sys-
tematic and practical approach exhibited in @ Fig. 23.2.

Dynamics of

ICU follow-up
Step 1. Step 5.
Acute Recovery and
iliness reintegration

Step 2. Step 4.

PICS Step 3. B

ICU ion’ ients’ ICU
prevention’s Patients calls

admission actions screening and consultation

invitation

ICU Hospital
discharge discharge

O Fig. 23.1 General dynamics of ICU follow-up programme
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Who -Nurse
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-Long-stay patients
For —Fs’ﬁtielr:ts \/ts{ithtMV
(7] -Shock patients
= Who? -Families in general
€ -Families of dead patients
S
D
(]
=
g When -As soon as possible
S start? -1 month after discharge
'g : -When patient demands -3 months
) -6 months
=O For how -12 months
= long? -24 months
8 -Just one consutation

-Phone interview
HOV\{ to -Eletronic questionnaire
doit? -Face-to-face consultation

O Fig. 23.2 Steps to analysing ICU follow-up in your context

23.2 Types of Follow-up Clinics

The structure of current follow-up clinics established in the USA, Canada, Australia and
in some countries in Europe is organized according to different models (B Table 23.1).
These models can differ in terms of consultation type, objectives, timing of consultations,
interventions and outcomes.

23.2.1 Consultation Type

Based on published studies, for an ICU follow-up, the consultation type could be a nurse-
led programme or a multidisciplinary team-sharing responsibility [5-7]. The lead in a
follow-up consultation determines who is responsible for the consultation.

In a nurse-led model, the nurse is in charge of patients’ screening, enrolling and evalu-
ation during the consultations [6-8]. The nurses’ counsel to the patients allows them to
talk about their ICU experiences, which helps them manage their feelings and issues. The
nurse-led consultation may also include a visit to the ICU in specific situations: if patients
have an emotional condition and express a desire to visit it. In some cases, a physician
could be required to explain some medical issue that patients might have. In the nurse-led
approach, the time spent with the patient might be shorter, and the costs might be lower
than the consultation with a multidisciplinary team.

The evaluation by a multidisciplinary approach encompasses nurses, physicians
and also physiotherapists and dieticians [5, 9, 10]. This approach characterizes a simul-
taneous contribution and input to the patients’ issues. A whole person rehabilitation
befalls via team decision maker. Although the patients’ evaluation is complete at one

23
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B Table 23.1 Description of possible models of ICU follow-up clinics
Models of ICU follow-up clinics

Led style Nurse
Physician
Multidisciplinary team

Objectives Epidemiological analysis
Diagnosis and referral
Treatment and rehabilitation

Timing of consultations 1 month
2 months
3 months
6 months
9 months
12 months
24 months

Interventions Self-rehabilitation
Nurse counselling
Personalized care plan
Specialized rehabilitation

Outcomes Improve quality of life
Decrease PICSs
Decrease hospital’s readmission
Decrease social’s costs

consultation, the financial and personnel resources needed are higher to assure the
service’s completion. Both situations have pros and cons; health managers choose the
most appropriate option.

23.2.2 Objectives

The aims of an ICU follow-up yield benefits for patients, health workers, family members
and quality of care. However, its objectives can focus on collection of data for epidemio-
logical analysis, referral of patients to specialized professionals and rehabilitation of
patients. These goals are not mutually exclusive.

An ICU follow-up starts by collecting data, which are based on tests and scores, to
evaluate patients’ emotional, functional and cognitive status. This produces understand-
ing about what happens with the patients after ICU discharge and what their health
requirements are. The data collection provides an easy, simple and inexpensive arrange-
ment. Moreover, encouraging the healthcare workers to acknowledge patients’ reality
through the collected data might raise the awareness of long-term outcomes and their
implications. Despite that, from a patient perspective, collecting data does not improve
their lives or solve their impairments.

When an organized follow-up, with data collection, is running adequately, the team
targets new goals such as refer and rehabilitate patients. Some studies demonstrate an
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increase in adherence for patients to the ICU follow-up when the programme refers them
to specialized healthcare providers such as psychiatrist and physiotherapist [11]. This
approach of referral also creates a favourable opinion for patients about the ICU follow-up
consultation [12].

23.2.3 The Timing of Consultation

Due to the absence of a precise timing framework for consultations after the ICU dis-
charge, each ICU follow-up clinic chooses their plan based on guidelines, consensus and
local practice. A guideline compiles instructions to develop a health programme. For ICU
follow-up, the National Institute for Health and Care Excellence (NICE) has constituted
guidance called “Rehabilitation after critical illness in adults” published in March 2009
[13]. It recommends that ICU survivors should be followed at 2-3 months and up to 6
months after ICU discharge. However, some studies indicate that physical recovery con-
tinues for more than 12 months after ICU admission [14-16], and other shows that cogni-
tive impairments and mood disorders are still prevalent 5 years after ICU discharge [17].

Other ways of addressing the right timing of consultation regard extrapolating the
strategy of other diseases’ management which also requires a follow-up of the patient. On
the one hand, Cameron et al. have adopted the timing framework from a stroke model
which uses the phase-specific approach to determinate the right timing of interventions
[18]. On the other hand, some ICU centres follow the ICU survivors  disabilities by
endorsing the timing established by an international consensus of randomized controlled
trials’ outcomes — mortality — at 3-6 months.

The frequency of consultations is also controversial. The most accomplished periods
are 2, 3, 6 and 12 months, whereby services that already make the programme a long
time influence the organizations of others [5-7, 19-21]. @ Figure 23.3 demonstrates

Discharge
e 0 o

RCT, year of protocol:

Jones et al. (2003) Y 1
The PRACTICAL (2007) ) M 1 1
Elliot et al. (2011) h{ 1
RECOVER trial (2012) M M M
reviveote) Y Y h{
RAPIT study (2016) Y 1

B Fig. 23.3 The timing of consultations in randomized controlled trials (RCT). (Refs. [5-7, 19-21])
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randomized controlled trials’ protocols and their timing of intervention, showing the
variance of timing framework adopted.

Moreover, looking at patients’ perceptions about ICU follow-up, Farley et al. con-
ducted a small sample (n = 26) study which showed 21/26 (81%) of patients stated that an
ICU follow-up clinic would have been beneficial [14]. Other studies have demonstrated
that the outpatients want to clarify doubts about their conditions as soon as possible,
maybe weeks up to 1 month after hospital discharge rather than 3 months [12, 22]. Some
patients have reported their view concerning the frequency of consultations as well. For
patients who recovered well, one ICU follow-up appointment could be enough [14]. Short
follow-ups are doable from a management point of view because they reduce the chance
of patient loss and costs. Even though a defined benefit has not been described yet to
encourage the ICU follow-up in practice, patients believe that these services are valuables
(12, 23].

23.2.4 Interventions

Over the first year after ICU stay, patients confront their lives with cognitive, physical and
mental impairments. Furthermore, they face difficulties to be independent and return to
work. Talking about ways of addressing intervention, we have some steps to consider as
screening, enrolling and evaluation during the consultation.

Definition criteria for screening patients have not been established yet. A subgroup of
patients that might have benefits with the follow-up programme intervention must be
described. Studies recruit patients who have had risk factors in the ICU stay to develop
post-intensive care syndrome (such as delirium, sedation, prolonged stay and mechanic
ventilation) [1]. However, some authors have been conducting research enrolling survivor
patients at hospital discharge, using the exclusion criteria such as mechanical ventilation
under 48 hours, support withdrawal and neurological sequelae [5, 19, 20].

In the UK, some services have published results about their rehabilitation strategy
addressed to ICU survivors [9, 19, 24]. Even those services vary the way of delivering
rehabilitation. Some of them apply a self-directed manual which illustrates how to manage
the patient problems and how to perform their physical rehabilitation by themselves.
Those manuals emerged from the epidemiological data acquired during the first years of
follow-up consultations [19]. On the other hand, few centres use trained physiotherapists
to deliver physical activities. The advantage of professional support enhances patients’
confidence in themselves [20]. Some centres have also focused on active rehabilitation
during ward hospitalization, improving their frequency and intensity with supervision
[9]. Although all the strategies increase patients’ rehabilitation, none has shown cost-
effectiveness.

23.2.5 Outcomes

Several tools to access the impairments and quality of life in ICU outpatients are available
(B Table 23.2). Although common scales facilitate the comparison between clinical groups
in research, it is not what we see represented in studies. Some follow-up services use local
questionnaires, while others use standard questionnaires and validated scales to measure
depression, anxiety, memory and physical disability [5, 14, 21].
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B Table 23.2 Summary of applicable tests to assess post-ICU impairments
Mental health Cognitive Physical
Hospital Anxiety and Confusion Assessment Method Medical Research Council
Depression Scale (HADS) for the ICU (CAM-ICU) Score (MRC)
Beck Depression Inventory Intensive Care Delirium Screening ~ Handgrip
(BDI) Checklist (ICDSC)
Impact of Event Scale (IES) Montreal Cognitive Assessment Muscle US
(MoCA)
Impact of Event Scale - Mini mental score (MMS) Sit-to-stand test

Revised (IES-R)
PTSS-10 ICU-memory tool Up-and-go test
PTSS-14 6-minute run test

Kessler Psychological
Distress Scale (K10)

36-Item Short Form Survey
(SF-36)

Moreover, an evaluation of the quality of life after discharge elucidates how interven-
tions, which save lives, might compromise the routine of our patients in long term. Health-
related quality of life (HRQoL) needs a generic instrument that encompasses different
life’s sectors. For ICU population, Chrispin et al. have well validated the questionnaire
36-Item Short Form Survey (SF-36) [3, 25]. Other often questionnaire applied for ICU
survivors is the EuroQol-5D (EQ-5D). More information about quality of life in » Chap. 12
and long-term consequences in » Chap. 14

23.3 Implementation Issues in ICU Follow-up

Despite inspiring arguments to implement the ICU follow-up programme, few centres
run these consultations. A national survey from the UK accomplished in 2006 demon-
strated 30% of ICUs run an ICU follow-up programme [26]. The implementation of a
programme confronts restrictions which interfere with its success and its benefits. One of
the limitations is the lack of studies that show the benefit of follow-up implementation [3,
8, 9,27, 28]. Hence, raising funds and financial support to design and construct this pro-
gramme can be tough. The lack of data based on evidence also compromises people’s
engagement. The improvement of patient-centred outcomes, quality of care and satisfac-
tion of the staff encourage people to keep their actions. All health practitioners work to
enhance functional outcomes for patients. Each service designs the model that best fits
within its reality, turning challenging to prove general benefit and to compare data and
interventions.

Even though a few studies have demonstrated improvement in the quality of life (QoL)
after ICU discharge [3, 7], the QoL does not return to the level experienced before the
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illness that prompted admission. The HRQoL of ICU survivors has been reported lower
compared with people who were not admitted to ICU [7, 29]. When comparing the qual-
ity of life between patients from ICU follow-up and patients with standard care, no analy-
sis has indicated benefits yet [3]. Griffiths et al. performed a multicentre study to which
observed health-related quality of life after critical illness in general ICU survivors at 6 and
12 months after ICU discharge. Their results demonstrated the median scores for QoL
using the EQ-5D as 64 (interquartile range 46-80) at 6 months and 66 (interquartile range
44-80) at 12 months (p = 0.10) [30].

The organization of ICU team to participate in the follow-up also contributes to
restriction. Due to meagre financial resources, services reorganize work schedules to allo-
cate the same ICU team to the follow-up. Thus, this extra activity requires an already
complete team, which is often not the reality. Many services have gaps in their scales and,
consequently, work overload. In this context, removing a nurse to take care of an outpa-
tient clinic rather than attending to the acute patient, which is the goal of the ICU, is a
constraint.

In addition, the health system influences the progress and flow of a new programme.
When the health system understands the importance of innovation and improvement, it
stimulates the action of new programmes and sustains politically and financially new
ideas. However, when a health system deals with lacking financial resources and high
mortality rate due to sanitary reasons, for instance, the system prioritizes the reduction of
the mortality rate and does not focus on patients’ quality of life and their social integration
after a disease. After all, patients must be alive to integrate the society.

Culture and the social context interfere with the health organization. Another bar-
rier to the ICU outpatient clinic is the interpretation and acceptance of other health
providers. Patients who are already accompanied by a specialized service such as pul-
monology for chronic obstructive pulmonary disease (COPD) or cardiology for post-
operative revascularization, for example, may not want to be seen by one more
physician. Moreover, the intensivists should avoid being misunderstood by other spe-
cialists. The intensivist's consultation aggregate information that may be valid in the
course of patients’ recovery. The intensivist knows what happened in the ICU and will
look at the consequences of prolonged hospitalization, mechanical ventilation or seda-
tion. The cultural context, as well as the physicians’ training, predisposes the way of
thinking and judging colleagues. Correct disclosure between academic, scientific and
population community reinforces the objective and safety that no one has an interest
in changing or overlapping treatments. The intent is not to treat COPD or high blood
pressure.

About 30% of ICU patients decline their participation in the ICU follow-up pro-
gramme during enrolling stage [11, 31, 32]. In a study published in 2011 describing a fol-
low-up programme in Sweden, Schandl et al. showed that 34% of patients rejected the
invitation to participate in the programme [11]. Looking into the reasons, the most
reported were patients were already accompanied by another specialty; patients did not
have interest in remembering or reliving the experience of the ICU; and patients had
mobility difficult for the accomplishment of the consultations.

The recovery of these patients needs a multi-specialist team. However, the level of
knowledge about long-term outcomes among professionals remains short. A survey con-
ducted in an ICU in Belgium to assess awareness showed 78% of health workers have
never heard about PICS [33]. Often only journals of critical care publish papers that
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address long-term outcomes after ICU discharge, which hinders general practitioners or
other specialists to access and gather the information in their routine. Maybe, by publish-
ing in general medical journals, this knowledge can be spread to reach as many number of
intensivist readers as possible, improving knowledge.

The overlapping of activities — when patients take already part of another rehabilita-
tion programme - generates a bias for data analysis. The patients’ quality of life is better
because of either the ICU follow-up procedures or the activities organized by other spe-
cializations.

23.4 How to Organize an ICU Follow-Up Programme

How can we perform an outpatient clinic in an efficient manner that will benefit the
patient? As already mentioned, we do not have a standard template to follow so far. Some
models are suggested by guidelines; others are extrapolated from other well-established
programmes such as stroke and cancer. Others are merely an attempt to adapt the good-
will of healthcare providers to the reality in which they work.

We can learn from other disease’s models, exploring them further by extrapolating the
conditions to the ICU survivors [34]. As our training as intensivists is geared towards
acute illness, we often find it difficult to understand and visualize care longitudinally.
However, when we speak of PICS, even though it is not a chronic disease defined by the
WHO, patients are exposed to somewhat chronic symptoms, which require prolonged
care. Since survivors of the acute insult have three times more likely to die in the first year
after ICU discharge and two times more likely to die within the next 15 years, we can eas-
ily understand that the syndrome has direct and indirect costs to patients and society. We
should consider it for a disease management programme [35]. Likewise, we can rely on
elements already described for chronic diseases, such as diabetes, to develop an appropri-
ate model for the ICU survivor, who is a chronic patient.

Chronic care models list essential elements to ensure high-quality care longitudinally
and to obtain results such as reduction of mortality [36, 37]. The disease management
focuses on reduce readmissions as well as visits to the emergency room. Some of the ele-
ments covered in these models are interesting to follow. The care centre of the patients and
their family and self-management support are excellent elements to guide the design of
the programme, as they focus on the needs of the patients and family as well as attempting
to improve patients’ satisfaction and resolve their complaints. Self-management allows
caregiving to be performed by the patients, that is, they are responsible for their care,
including them as an actor in the scene of illness and recovery, and not reinforcing passive
behaviour while waiting for treatment.

Conclusion

An ICU follow-up is a challenge for intensivists. Even though no positive impact on health-
related quality of life has been demonstrated for patients yet, the ICU team intuitively think
that some benefit might occur. The sense of social responsibility guides healthcare provid-
ers. A consultation after ICU discharge increases the quality of care and improves feedback
to staff. The design of follow-up should be rebuilt by sharing with all levels of care in the
health system this responsibility of dealing with outcomes.
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— Take Home Messages

There is no standard ICU follow-up clinic

Even though no benefit has been proven yet, patients refer interest to be
followed by ICU team

Further studies with another approach should be done to try gathering some
evidence

We should re-think our actions and goals as an ICU team
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Learning Objectives

ICU discharge is a care transition at a critical time in the patient recovery pathway. At ICU
discharge, individual patient needs are high, but patients (and their families) are typically
discharged to a variety of wards in the acute hospital, under multiple clinical teams, who
have substantially less knowledge of their ICU-related problems and needs than the dis-
charging ICU team.

This chapter aims to identify the key areas of unmet need for ICU survivors at transfer to
the ward. We review the current limited evidence for different interventions and approaches
to provide rehabilitation at this stage. Finally, we describe the principles of novel individu-
alised service models that may improve the patient experience of recovery and potentially
improve rehabilitation outcomes.

24.1 Introduction

In most healthcare systems, patients are discharged from the ICU to a hospital ward. At
the time of ICU discharge, patients are frequently weak, have acutely reduced mobility,
and are unable to carry out usual activities of daily living. Altered and reduced appetite is
common, which compromises nutritional intake. In addition, patients face coming to
terms with experiencing a life-threatening illness and its consequences. Cognitive impair-
ments, affecting short-term memory and concentration, are likely. Many patients will have
experienced delirium and may continue to do so after discharge. Recalling frightening
and possible delusional memories of ICU are prevalent, as are recollections of pain and
helplessness. Most patients will have ongoing sleep disturbance.

The early period of survivorship has been described by patients as a period of being ‘in
limbo’ between their previous life and health state and the prospect of a ‘new’ life post-critical
illness [1]. At this time, patients need and seek information about ‘what has happened” and
‘what to expect’ going forward [1]. The contrast between the ‘safety’ of the ICU, characterised
by high levels of care, monitoring, and access to highly trained staff, and the ward environ-
ment is a difficult and sometimes frightening transition for both patients and staft [2].

24.2 Models of Service to Meet Patient Need

24.2.1 Current ICU Rehabilitation Models

In most healthcare systems, the transition between the ICU and general ward may be a
‘fracture point’ in the patient pathway at a key time in the recovery journey, when the
multiple interacting issues described above dominate the patient’s health and wellbeing.
The timing of ICU discharge is usually determined by resolution of organ failures, moni-
toring requirements, and treatment need in terms of medical and nursing support.
Decisions are therefore dominated by service design and transitions rather than individual
patient need. Typically, patients are discharged to ‘parent specialties, becoming dispersed
across the acute hospital in different specialty wards under the care of a wide range of
different specialists, who take on decision-making from critical care teams. Consequences
of this service design for post-ICU patients include the following:
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== The potential for errors during the transition from ICU to the general ward, for
example pharmacy resolution, communication regarding ongoing therapy needs,
as well as end-of-life and/or anticipatory care decisions.

= A dilution of knowledge about individual patients, their condition, and their
previous treatment in ICU.

== A general reduction in staff understanding of the consequences of critical illness,
especially in relation to new weakness, nutritional requirements, and the
psychological sequelae of an ICU admission.

= A sudden significant reduction in staff-patient ratios to care for individual
patients and provide specialist review and therapy.

= The potential for complex, acutely disabled ICU survivors to ‘compete’ for limited
ward resources (medical, nursing, and therapist time) with high throughput, less
impaired patients (e.g. elective surgery).

== |nconsistent information provision for patients and their families, for example in
relation to their critical illness and expectations of recovery.

= Limited access to existing rehabilitation pathways. Many ICU survivors do not
fulfil criteria for disease-specific rehabilitation pathways as exist in many health-
care systems, for example following stroke, cardiac surgery, myocardial infarction,
or cancer. In addition, many ICU survivors will not fulfil criteria for rehabilitation
pathways such as those specifically for older patients.

24.2.2 Key Components of Person-Centred Rehabilitation Models
Following ICU Discharge

Critical illness is characterised by complexity and variability in terms of patient demo-
graphics, preexisting health, the precipitating disease process, the resulting critical illness,
and the overall effects of these factors on individuals at the time of ICU discharge.
Survivors therefore require an individualised approach that can promote and maximise
recovery.

Some key features of individualised person-centred ward-based rehabilitation are as
follows.

24.2.2.1 Physical Therapy Programmes

Critical care survivors experience a wide range of physical disability. A systematic assess-
ment should include the following:

== Consideration of mobility and other impairments that pre-dated hospitalisation,
for example related to chronic disease.

== Physical impairments that result directly from the precipitating injury, for
example trauma.

== \Weakness and impairments that result from critical illness neuromyopathy.

24
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The ability to participate in physical therapy will depend heavily on symptom burden,
which is frequently high following ICU discharge. Prevalent symptoms include fatigue,
pain (of varying severity and distribution, but frequently involving joint stiffness), and
breathlessness [3].

24.2.2.2 Nutritional Rehabilitation Programmes

Loss of appetite, altered taste, impaired gut motility and absorption, and sleep/diurnal
pattern disturbance all mean most ICU survivors are unlikely to meet nutritional require-
ments with traditional meal service delivery. There is often a desire to remove feeding
tubes on general wards, which is compounded by lack of support at mealtimes, especially
for patients too weak to feed themselves. Many ICU survivors experience ongoing or
worsening protein-calorie malnutrition after leaving the ICU. Approaches to address this
are considered below.

24.2.2.3 Access to Occupational (OT) and Speech/Language
Therapy (SLT)

The physical sequelae of critical illness frequently require support and potentially adapta-
tions to enable activities of daily living. Early assessment by occupational therapists can
anticipate likely needs and potentially facilitate earlier hospital discharge. For example,
home assessments and planning for adaptations during ward-based rehabilitation can
prevent delays and decrease the risk of readmission to hospital. The timing of occupa-
tional therapy requires individualised assessment by clinicians with expertise in the likely
rate and degree of recovery in the ward-based period.

Similarly, patients with swallowing difficulty (especially following prolonged endotra-
cheal intubation and/or tracheostomy) may require new or ongoing assessment and treat-
ment from Speech and Language Therapists (SLT) to maximise oral nutrition, inform the
timing of feeding tube removal, and minimise aspiration risk. Voice changes are also
prevalent, and failure to recover requires referral and access to specialist assessment.

24.2.2.4 Information Provision

Qualitative research with ICU survivors in the early post-ICU period has demonstrated a
need for information [1, 4]. As this coincides with the time that patients transition to the
care of individuals with less specialist knowledge and understanding of critical illness, this
frequently creates an unmet need among survivors and their families. The specialists tak-
ing on responsibility for ward-based care may lack the perspective required by survivors,
which may include a need to ‘fill in gaps’ from the time in ICU, explanation of some of the
physical, psychological, and cognitive sequelae (especially dealing with memories and
flashbacks), and likely rates and extent of recovery.
Information can potentially be provided in various forms, including the following:

Individual patient diaries [5]

Generic information websites (for example, see: » http://www.criticalcarerecovery.
com/)

Individual patient lay summaries [6]

Visits to the ICU

Access to trained staff to provide face-to-face information, explanation, and
reassurance


http://www.criticalcarerecovery.com/
http://www.criticalcarerecovery.com/
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The most effective way to provide individualised and generic information to patients and
families is still uncertain.

24.2.2.5 Case Management and Patient Advocacy

The complexity of early ICU survivorship and rehabilitation mean continuity and consis-
tency are key to person-centred recovery within the ward-based period of acute hospital
care. This is especially evident from the traditional service-based transitions that most
patients experience after leaving the ICU, in which they potentially are cared for by mul-
tiple different staff members with limited knowledge of their illness and requirements.
Models in which continuity is provided, with expert case management, have been shown
to be effective in other complex patient groups [7]. There is strong rationale, supported by
experiential research with patients, for a case management approach to providing ward
care for the ICU survivor. At a time when ICU survivors are experiencing significant
physical, cognitive, and psychological disability, this approach can ensure patient advo-
cacy. This is frequently lacking as a result of the limited recognition of ICU survivorship
and the ‘post-intensive care syndrome’ within health care, in marked contrast to more
disease or disorder-based conditions such as cancer.

24.3 Evidence for Ward-Based Rehabilitation Post ICU Discharge

24.3.1 Physical Interventions

Several randomized clinical trials have tested the effects of physical interventions deliv-
ered on the ward after ICU discharge on the physical outcomes of patients. Those that
tested entirely ward-based interventions have not yet shown any benefit [8, 9]. Other trials
have tested interventions initiated during ICU and continued in the ward after ICU, and
these trials have been more promising. These trials are summarised in B Table 24.1.

Jones and colleagues observed small improvements in the physical aspects of quality of
life in patients provided with a post-ICU self-help manual, starting from ICU discharge
[15]. The earliest ward-based physical rehabilitation trial was by Porta and colleagues,
testing the effects of daily arm exercise training in addition to standard ward-based phys-
iotherapy on measures of arm power and endurance [10]. The 32 patients in the interven-
tion group demonstrated significantly greater arm power and endurance than the 34
patients in the control group. Although the study did not test the functional benefits of
their intervention, and follow-up was limited to hospital discharge, the results did suggest
the potential for ward-based treatments to improve strength and hence physical function.
The intervention in this trial started within the ICU, but after liberation from mechanical
ventilation (MV), and is probably the only trial that has demonstrated benefit to patients
during the recovery phase after critical illness.

In their early (within 3 days of initiation of ventilation) mobilisation and exercise
therapy trial, Scheickert and colleagues observed increased rates of functional indepen-
dence in their intervention group [11]. The importance of the ward-based component
could not be assessed, but many of the independence milestones were reached while
patients were in ICU suggesting much of the benefit had already occurred ICU discharge.

Salisbury and colleagues published a pilot trial, which combined ward-based dietetic
and physical exercise interventions delivered by a generic healthcare assistant. This showed
the feasibility of the approach, which was subsequently tested in the RECOVER

24
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interventions

Author

Porta
(2005)
[10]

Sch-
weickert
(2009)
[11]

Salisbury
(2010)
(8]

Walsh
(2015)
[12]

Morris
(2016)
[13]

Patients

66 respiratory
ICU survivors
(weaned from
MV@ or NIV2
for 48-96
hours)

104
mechanically
ventilated
ICU patients

16 mixed ICU
survivors
(Mva

>48 hours)

240 mixed
ICU survivors
(ventilated
>48 hours)

300 medical
ICU patients
with
respiratory
failure
receiving
ventilation
(MV@ via ETT?
or NIV?)

Intervention

Daily arm
cycling on
arm
ergometer in
addition to
routine care

Daily
progressive
exercise and
mobilisation
protocol

Enhanced
rehabilita-
tion package
in addition
to routine
care

Enhanced
rehabilita-
tion package
in addition
to routine
care

Protocolised
physical
therapy
intervention

Control

Routine
care

Routine
care

Routine
care

Routine
care

Routine
care

Setting

After
weaning
from MV@
(ICU and
ward)

Within
72 hours
of
initiation
of MV
until
hospital
discharge
or return
to
indepen-
dence

ICU
discharge
to
hospital
discharge

ICU
discharge
to
hospital
discharge

ICU
admis-
sion to
hospital
discharge

Physical
Outcome(s)

Max arm
power,
endurance, and
inspiratory
pressure after
15 days of
intervention

Functional
independence
at hospital
discharge, BI,
number of
independent
ADLs,
independent
walking
distance, HGS

RMI2, TUG?,
T0MWT?, ISWT?,
HGS? at

3 months

RMI?, TUG?,
HGS?, SF-12v23,
PCS? of
SF-12v2? at

3 months

SPPB?, SF-362,
PCS? and PFS?
of SF-3672, FPI?,
HGS? at 2, 4,

and 6 months

Summary of randomized clinical trials testing ward-based physical rehabilitation

Conclusions

Arm cycling
improved arm
power,
endurance,
and
maximum
inspiratory
pressure

Higher
proportion
returned to
indepen-
dence in
intervention

group

No effect on
physical
outcomes

No effect on
physical
outcomes

Inconsistent
effect on
outcomes:
improved
SPPB at

2 months,
SF-362 PFS?2
and PCS? at
6 months, and
FPI2 at

6 months
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B Table 24.1 (continued)
Author Patients Intervention Control Setting Physical Conclusions
Outcome(s)

Gruther  60ICU Breathing, Routine  FromICU ERBI?, 3SMWT?, No effect on
(2017) patients mobilisation  care discharge MRC? sum physical
[14] (>5day stay, exercises, to score outcomes

rehabilitation and NMES? hospital

ready) discharge

2Abbreviations: MV mechanical ventilation, NIV non-invasive ventilation, ADL activity of daily
living, BI Barthel Index, RMI Rivermead mobility index, TUG timed up and go test, HGS hand grip
strength, TOMWT 10 minute walk test, ISWT incremental shuttle walk test, SF-36 Medical
Outcomes Study short form 36, PCS physical component score, PFS physical function score, SF12
v2 Medical Outcomes Study short form 12 version 2, FPI functional performance inventory, NVES
neuromuscular electrical stimulation, ERBI early rehabilitation Barthel Index, 3SMWT 3 minute walk
test, MRC Medical Research Council

randomised controlled trial in 240 ICU survivors [8]. RECOVER showed that individual-
ised case management could increase ward-based physical therapy, but the intervention
showed no effect on mobility, HRQOL, hand grip strength, or the timed up and go test at
any follow-up time points. Patients reported greater satisfaction with the therapies they
received, including the coordination of care and information provided [9].

In trial of 300 patients with respiratory failure, Morris and colleagues added a stan-
dardised thrice daily exercise therapy programme to standard care for ICU patients [13].
Like the RECOVER intervention, patients received a ward-based intervention until hos-
pital discharge. Unlike RECOVER, treatment was initiated on ICU admission (RECOVER
recruited an ICU survivor cohort). Morris demonstrated no effect on hospital length of
stay (the primary outcome), ventilator free days, or ICU days. At 2 and 4 months, mea-
sures of physical function (short physical performance battery, SF-36 PES and PCS, and
FPI score) were unchanged, but small differences in these scales were detected at 6 months.

Finally, Gruther and colleagues” 60-patient trial testing the addition of a ward-based
rehabilitation to standardised ICU-based rehabilitation for long-term ICU patients found
no improvement in their primary outcome (the number of days between ICU and hospital
discharge) or a number of other secondary outcomes.

In summary, current evidence demonstrates no clear physical benefits from ward-
based post-ICU interventions, most of whom progress to experience long-term physical
weakness [16].

24.3.2 Nutritional Therapy

24.3.2.1 Nutritional Status of Critical lliness Survivors

Malnutrition is prevalent among critically ill patients and, in one study, was found in
43% of general ICU admissions [17]. Malnutrition is associated with longer hospital stay
and complications compared to previously well-nourished individuals. During ICU
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admission, patients can lose 10-30% of their body mass [18]. Compounding this weight
loss is suboptimal nutritional intake in the ICU, with patients typically receiving only
60-80% of their prescribed energy and protein requirements [19]. This results from
delays in initiating nutritional support [20] and reduced nutritional intake due to vomit-
ing, large gastric aspirates, enteral feeding tube displacement, and fasting for investiga-
tions and procedures.

The nutritional status of patients frequently deteriorates further during the ward
phase of care [21]. A study on 50 patients for 7 days post-extubation found only one
patient consumed greater than 75% of their calorie requirements on day 1 post-extuba-
tion, with mean energy and protein intake less than 50% of estimated requirements on
all 7 days of the study period [22]. Similarly, Merriweather [23] and Rowles et al. [24]
found oral intake to be inadequate in the post-ICU phase. Failure to meet nutritional
requirements is likely to have a negative impact on muscle mass and physical or func-
tional ability [25]. For the post-ICU patient, good nutritional care is fundamental to the
recovery process.

24.3.2.2 Factors Influencing Nutritional Recovery in ICU Survivors

Despite extensive nutrition-related research in ICU, little is known about nutritional
recovery in patients after critical illness. Peterson et al. found poor appetite and nausea
were barriers to eating [22]. In a qualitative study, multiple factors were identified that
contributed to patients’ failure to achieve nutritional goals [26, 27]. Analysis of sequential
interviews and observations revealed a number of themes including nutritional care deliv-
ery failures such as the inflexibility of hospital meals, failure to deliver nutritional supple-
ments, and lack of staff knowledge about critical illness-related issues. Patient-related
factors that emerged included physiological and psychosocial issues such as poor appetite,
early satiety, taste changes, low mood, and depression. Patients also experienced social
isolation and struggled with lack of familiar food and routine. The identified factors that
influence nutritional recovery interlink serving to increase the complexity of nutritional
problems for this patient group.

The process of nutritional recovery has multiple linked elements including appetite,
physical ability to eat, personal preferences, and emotional influences. Superimposed
on these are the systems that deliver nutrition to patients. If all these form links in a
chain that lead to nutritional recovery, it is entirely possible that a single break in the
chain could disrupt the benefits from all the other elements. Hence, there is a need to
understand as many components of recovery in order to develop the best complex
intervention [23].

24.3.2.3 Nutritional Rehabilitation Strategies in Post-ICU Phase
of Care

There is remarkably little nutrition-specific research concerning post-ICU rehabilitation.
The National Institute of Clinical Excellence failed to identify any studies that specifically
addressed nutritional rehabilitation in patients after critical illness [28].

Work with ICU survivors suggests that improvements in nutritional rehabilitation
require an individualised model of care to address the identified organisational and
patient-related factors that influence nutritional recovery [23]. This approach challenges
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B Table 24.2 Comparison of traditional approach to nutritional care with proposed model

of care

Traditional approach to nutritional care of
post-ICU patients

Fragmented care means ward staff including
nurses and doctors are often unaware of
problems experienced by patients after critical
iliness.

Patients often isolated inside rooms eating
alone in bed.

Lack of assistance at mealtimes to patients who
are often weak and fatigued. Restricted family
presence during food service time.
Systems-based approach to delivery of food
with set mealtimes three times a day.

Standard portion sizes with a starter, main meal,
and pudding all served at once.

Patients experience physiological and
psychological problems after critical illness that
are not addressed.

Dietetic interventions involving the calculation
of nutritional requirements and comparing to
actual nutritional intake; documentation of
recommendations in medical notes; ordering of
nutritional supplements with a reliance of other
healthcare professionals to deliver poorly
coordinated discharge and nutritional
follow-up.

Proposed approach to nutritional care of
post-ICU patients

A clearly documented nutritional manage-
ment plan should be handed over to ward
staff and appropriate allied health profession-
als to ensure continuity of nutritional care.
Providing patient with the opportunity to eat
with family members either on ward or in the
canteen.

Involvement of relatives at mealtimes on the
ward to provide assistance, encouragement,
and social interaction.

Improving problems with poor appetite and
early satiety by providing small regular
energy-dense meals and snacks.

Information given to patient about impor-
tance of nutrition for recovery and the need
to eat foods high in calories and protein to
achieve this.

Regular feedback to the patient as to whether
they are achieving their nutritional goals.
Recognising psychological issues associated
with critical illness and discussing common
problems with patient and if necessary
referring to appropriate healthcare
professional.

Assisting the patient to come to terms with
changes to their body, setting patient-
centred goals for recovery.

Early reporting of ongoing nutritional
problems to appropriate healthcare staff.
Identification of discrepancies in nutritional
decision-making, for example between
medical and dietetic staff.

Coordination of discharge to ensure patient
has all relevant nutritional information and
follow-up in the community.

the traditional approach to nutritional care and requires service redesign to address the
multiple potential barriers to nutritional recovery (8 Table 24.2).

Merriweather identified the need to address nutritional issues during different phases
of the patients’ hospital journey [23]. The three distinct phases of care were prior to trans-
fer from ICU, during ward stay, and on discharge from hospital. A patient pathway was
devised to define the key elements of nutritional care for post-ICU patients during each of
the stages of care (8 Table 24.3).
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B Table 24.3 Proposed care pathway for the nutritional care of ICU survivors

Prior to discharge from the Intensive Care Unit

Goal 1: The patient’s nutritional issues are
identified early

Goal 2: The patient’s identified nutritional
issues are communicated to ward staff

During ward stay

Goal 3: The patient is receiving the
appropriate amount and type of nutrition

Goal 4: The patient’s ongoing physiologi-
cal issues are identified

[] Preexisting malnutrition prior to ICU admission
(BMI < 18 kgm?, history of weight loss and/or
history of poor nutritional intake)

[J Long ICU stay (>7 days)

[ Swallowing problems

Patient experiencing physiological factors
influencing nutritional intake.
[ Loss of appetite

[] Early satiety

[ Taste changes

[ Pain

[1 Nausea/vomiting

[] Diarrhoea

[] Fatigue

[] Breathlessness

[JChanges to sleep patterns

Patient experiencing psychological factors
influencing nutritional intake

[ Delirium

[] Low mood

[] Cognitive changes

[] Depression

Handover to ward staff to include:

[] Current route for nutrition

[ Identified factors influencing nutritional intake
[ Nutritional plan

[] Weekly weight

[] Review by dietitian

[] Referral to speech and language therapy (if
necessary)

[] Food record charts

[ Loss of appetite

[] Early satiety

[ Taste changes

[ Pain

[1 Nausea/vomiting

[ Diarrhoea

[] Fatigue

[] Breathlessness

[ Changes to sleep patterns

Issues are discussed with multidisciplinary team
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Prior to discharge from the Intensive Care Unit

Goal 5: The patient’s ongoing psychologi-
cal issues are identified

Goal 6: The patient has the appropriate
provision of food

Goal 7: The patient is aware of the
importance of good nutrition

Goal 8: The patient’s nutritional needs are
discussed regularly by the multidisci-
plinary team (MDT)

On discharge from hospital

Goal 9 The patient is provided with appro-
priate nutritional information

[] Delirium

[] Low mood

[] Cognitive changes
[] Depression

Issues are discussed with multidisciplinary team

[] Meals served one course at a time

[] Meals provided at suitable times

[] Family encouraged to bring in favourite foods

[] Provision of meals from canteen where necessary

[] Additional snacks are provided between meals

[] Assistance with eating is provided where
necessary

[] Eating with others is encouraged

[] Emphasising the need to eat more for physical
recovery

[] Discussion of factors affecting nutritional intake

[ Regular feedback to patient about adequacy of
oral intake

[1 Involvement of family in discussions

[] Weekly multidisciplinary meetings

[ Dietitian highlights any nutritional issues

[1The need for nutritional support is reviewed by
the MDT

[] Written dietary information

[] Supply of nutritional supplements
[ Contact details

] Regular follow-up

24.4 Guidance and Quality Standards for Post-ICU Ward-Based
Rehabilitation

The paucity of studies to support strategies and effective components of ward-based reha-
bilitation mean guidance lacks a firm base. The UK National Institute of Clinical Excellence
(NICE) makes a number of recommendations regarding rehabilitation prior to ICU dis-
charge and during ward-based care [28]. These highlight the need for individualised
screening and assessment (B Table 24.4).
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B Table 24.4 Summary of NICE recommendations for post-ICU rehabilitation [28]

Recommen-
dations Prior
to Ward
Discharge

Recommen-
dations for
ward-based
rehabilitation

Before discharge from critical care
For patients who were previously identified as being at low risk, perform a short
clinical assessment before their discharge from critical care to determine their
risk of developing physical and non-physical morbidity.
For patients at risk and patients who started an individualised, structured
rehabilitation programme in critical care perform a comprehensive clinical
reassessment to identify their current rehabilitation needs. The comprehensive
reassessment should pay particular attention to:
Physical, sensory, and communication problems
Underlying factors, such as preexisting psychological or psychiatric distress
Symptoms that have developed during the critical care stay, such as delusions,
intrusive memories, anxiety, panic episodes, nightmares, flashback episodes, or
depression.
For patients who were previously identified as being at risk during critical care,
the outcomes of a comprehensive reassessment should inform the individual-
ised, structured rehabilitation programme
For patients at risk, agree or review and update the rehabilitation goals, based on
the comprehensive reassessment. The family and/or carer should also be
involved, unless the patient disagrees.
Ensure that the transfer of patients and a formal structured handover of their
care occur. This should include a formal handover of the individualised,
structured rehabilitation programme.
Give patients the following information before, or as soon as possible after, their
discharge from critical care. Also give the information to their family and/or carer,
unless the patient disagrees.
Information about their rehabilitation care pathway.
Information about the differences between critical care and ward-based care.
This should include information about the differences in the environment and
staffing and monitoring levels.
Information about the transfer of clinical responsibility to a different medical
team
If applicable, emphasise the information about possible short-term and/or
long-term physical and non-physical problems that may require rehabilitation.
If applicable, information about sleeping problems, nightmares, and hallucina-
tions and the readjustment to ward-based care

For patients who were previously identified as being at low risk before discharge
from critical care, perform a short clinical assessment to determine their risk of
physical and non-physical morbidity.

For patients at risk, perform a comprehensive clinical reassessment to identify
their current rehabilitation needs.

For patients at risk, offer an individualised, structured rehabilitation programme,
based on the comprehensive clinical reassessment and the agreed or updated
rehabilitation goals set before the patient was discharged from critical care.

The individualised, structured rehabilitation programme should be developed
and delivered by members of a multidisciplinary team and should include
appropriate referrals, if applicable.

Based on clinical judgement and the individual patient’s rehabilitation needs,
consider offering a structured and supported self-directed rehabilitation manual
for at least 6 weeks after discharge from critical care, as part of the individualised,
structured rehabilitation programme.

For patients with symptoms of stress related to traumatic incidents and/or
memories, refer to ‘post-traumatic stress disorder (PTSD)’ guidance, and initiate
appropriate preventative strategies
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Case Study: The Edinburgh Generic Rehabilitation Assistant (GRA) Model

As part of a programme of research and
service development work in Edinburgh,
Scotland, we systematically identified unmet
needs among ICU survivors during the first
2-3 months following discharge from the ICU,
including the ward-based post-ICU period. We
developed a novel multidisciplinary therapist
role, a Generic Rehabilitation Assistant (GRA),
to provide additional therapy for ICU survivors
in conjunction with the established ward-
based team [29]. The GRA received compe-
tency-based training in physical therapy (PT),
dietetics, SLT, OT, and psychological support
relevant to patients discharged from the

ICU. These individuals, and the therapies they
delivered, were evaluated in a randomised
parallel group trial (RECOVER) that compared
usual care in two UK National Health Service
hospitals with care supplemented by the GRA
between ICU discharge and up to 3 months
post-randomisation.

The RECOVER trial demonstrated that
increased frequency and intensity of all
elements of rehabilitation, including
comprehensive information provision to
patients and families, could be delivered with
this service model in an efficient and
coordinated manner. There was discordance

between the effects the intervention had on
clinical outcomes at 3-12 months post-ICU
discharge and the satisfaction patients had
with their rehabilitation together with their
experience of recovery. The trial showed no
impact on measures of physical function,
psychological status, patient-reported
symptoms, or quality of life. However,
subsequent secondary analyses have shown
that pre-illness health status dominates these
outcomes post critical illness, which may limit
their responsiveness and validity as outcomes
in rehabilitation trials [30]. In contrast,
patients reported improved satisfaction and a
better experience of their early recovery using
questionnaire and qualitative methodologies
[12,31].

Key benefits of the GRA role were
providing a patient-centred approach to care,
enabling individualised therapy, ensuring
consistency, and continuity of care. A key
benefit perceived by patients is as an advocate
or ambassador for the patient as they traverse
service transitions under the care of multiple
different clinicians. The GRA also makes a
major contribution to hospital discharge
planning and the transition to community
living.

— Take Home Messages

staffing intensity.

Key areas to address are:

Physical and functional limitations

The multiple patient- and system-based barriers to nutritional rehabilitation
Patients and families’ need for information

Patient advocacy and consistency of care

ICU survivors have diverse physical, psychological, cognitive, and information
needs when discharged to the general ward

The transition to ward-based care can result in substantial unmet need as a
result of reduced staff knowledge of post-ICU complications and reduced

There are currently no evidence-based strategies or interventions that
improve clinical outcomes in this period.

Approaches that meet individual patient needs across the range of potential
issues can improve patients’ experience and satisfaction with rehabilitation.
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Learning Objectives

To know what are the main outcomes of postintensive care syndrome in terms of utilization
of care and induced cost after ICU stay both in the hospital and after discharge. To know
what are the impact and burden on caregivers, ability to work, and income reduction for
ICU survivors.

25.1 Introduction

Utilization of critical care has grown over the past two decades, with improvement of
quality of care that change prognosis and mortality, creating a growing number of ICU
survivors [1].

Admission to ICU is a potent marker of acquired multimorbidities and medical com-
plexity. Outcome studies in ICU survivors have emphasized severe physical and cognitive
decline and the development of mood disorders [2]. This morbidity is a direct conse-
quence of our ability to save the lives of our most severely ill patients and the addition of
complicated multimorbidities and chronic multisystem dysfunction. The resulting dis-
abilities are associated with compromised long-term survival, more hospital and ICU
readmissions, specialist use, and high costs [3].

For example, in USA between 17.4% and 39.0% of total hospital costs are spent for
critical care with a cost for treating ICU patients between 121 and 263 billion dollars [4].

Societal burden could also be very important for patient by impacting ability to work
and diminishing their income dramatically [5] (8 Table 25.1).

B Table 25.1 Principal complications induced by ICU from Desai et al. [1]

Complication

Pulmonary

Neuromuscular

Description

Spirometry impairment, lung
volume, and diffusion

Critical illness neuropathy and
myopathy

Natural history

Improves generally during first year but
may persist up to 5 years

Polyneuropathy recovers slowly than
myopathy and extends to 5 years

Physical Impairment in activities and Improvement within months, at 1 year
function instrumental activities in daily for daily activities and 2 years for
living instrumental activities.
Impairment in 6-minute walk
test
Psychiatric Depression May decrease over first year
symptoms Posttraumatic stress disorder Little improvement in first year
Anxiety May persist after first year
Cognitive Impairment in memory, May improve during the first year
attention and executive
function
Quality of life Deficits essentially on quality Improve over first year, could persist

physical domains

during 5 years
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25.2 Postintensive Care Syndrome

25.2.1 Definition

The term “postintensive care syndrome” (PICS) was agreed on as the recommended term
to describe new or worsening impairments in physical, cognitive, or mental health status
arising after critical illness and persisting beyond acute-care hospitalization. The term
could be applied to a survivor (PICS) or family member (PICS-F) [6].

A subgroup of these patients are qualified of chronically critically ill patients. These
patients often needed prolonged ventilation [3] and have a poor outcome include poor
quality of life, high mortality, high readmission rate, high rehabilitation needs, and gener-
ate a high cost of cares [7].

25.2.2 The Different Complications Post ICU

Except mortality that ranges from 26% to 63% after 1 year and a risk of death up to 5 times
more in the long-term than age-matched control several complications can be observed in
the long term after critical care [1].

These complications can impact pulmonary, neuromuscular, physical psychiatric, cog-
nitive functions, and quality of life [1].

25.2.3 Pulmonary Function

Long-term pulmonary function was essentially studied in patients with Acute Respiratory
Distress Syndrome. A variable range of impairments were observed: restrictive, obstruc-
tive, and reduced diffusion capacity. Persisting use of ventilation or oxygen therapy is rela-
tively rare [8]. Spirometry and lung volume impairments improved usually quickly within
months rather than diffusion capacity abnormalities, which are related to invasive ventila-
tion duration than can take among 5 years to recover [9, 10].

Prolonged duration of mechanical ventilation is usually observed in aged patients more
than 60 years old that have multiple comorbidities. Between 30% and 53% of chronically
critically ill patients are liberated form mechanical ventilation during ICU stay [11, 12].

25.2.4 Neuromuscular Function

Nearly 50% of patients with sepsis, multiorgan failure, or prolonged mechanical ventila-
tion are suffering from critical illness neuromyopathy, a term including both critical ill-
ness myopathy and neuropathy. These complications are associated with an increased
ICU, hospital stay, and require prolonged rehabilitation use [13].

25.2.5 Physical Function

Physical function is usually assessed by measuring both patient’s (walking, dressing, eat-
ing, etc.) and instrumental (e.g., shopping, managing money, or preparing a meal) activi-

25
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ties of daily living (ADL) and 6-minutes walking test (6 MWT). Physical function
impairment was found in all patients discharged from ICU at 1 week but may persist in
more than 50% of survivors for patient’s ADL after 1 year with severe impairment in one-
third of patients [14, 15]. Instrumental ADL stays impaired in more than 70% of survivors
that were ventilated more than 48 h mainly related to age and preexisting activities.

25.2.6 Psychiatric Disorders

The psychiatric complications after ICU occur frequently, with symptoms of depression
and anxiety (including posttraumatic stress disorders PTSD). Depressive symptoms have
an estimated prevalence around 30% in several studies [16, 17]. This is a markedly higher
prevalence than general population evaluated around 8%.

For PTSD and anxiety after ICU, the median estimated prevalence were 22% and 24%,
respectively. In contrast to PTSD when compared to the general population, the preva-
lence is 3.5% [18].

Duration of such troubles is unclear but seems to decrease after the first year for
depressive symptoms [19] and persists many years after for PTSD [16].

25.2.7 Cognitive Disorders

Cognitive impairment including delirium is a very common feature observed during ICU
stay. Delirium is mainly related to overuse of sedation and correlated to an higher mortal-
ity. In another study on acohort of aged Americans, severe sepsis was associated to a tri-
pling of the odds of moderate/severe cognitive impairment [20]. Persisting cognitive
sequelae are variable in 46-71% of patients at 1 year [21, 22].

25.2.8 Quality-of-Life Impairment

Quality of life is commonly impaired after ICU discharge and is potentially for a long
duration.

Impairments in ICU survivors concern mostly the domains related to physical quality
of life.

Several factors have been associated with quality-of-life impairment including preex-
isting disease, severity of illness during ICU stay, depression, and posttraumatic stress
disorder.

Physical domain deficits are associated with critical illnesses such as neuropathy, mus-
cle mass wasting, and impaired pulmonary function.

25.2.9 Impact and Burden on Caregivers

An high family and caregiver burden is observed whatever of condition of the patient ill-
ness critical or chronic. This may induce high rates of depression and decline of physical
health. The need of prolonged ventilation and tracheotomy placement being a major com-
ponent of this burden.
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Year male gender and tracheostomy at 12 months were the main factors associated to
caregivers depression symptoms, and lifestyle disruption [23].

In another study longitudinal study, depression risk, lifestyle disruption, and employ-
ment reduction were commonly observed in caregivers and persisted over 1 year, similar
to risks observed in Alzheimer disease and chronic illnesses.

Most of caregivers were women aged more than 50 years old and spend nearly 6 hours/
day providing assistance [24]. The dependency status before ICU admission had no influ-
ence on caregiver’s burden.

25.2.10 Induced Cost After ICU

About 40% of patients are required to continue medical care for 2 years after initial hospi-
talization [9].

The majority of these costs are related to rehabilitation, hospital readmission, age, and
organ dysfunction. For example, for ARDS patients, 40% are readmitted to hospital and
half of them are admitted for multiples times [8].

The costs linked to ICU cares are the most important around 100,000 dollars per
patient followed by cost related to wards, and post-discharge cost around 30,000 dollars at
2 years (mostly nursing care at home and rehabilitation use).

At discharge 33% of patients need inpatient rehabilitation and more than a half of
discharged patients at home need home care services in the 2 following years after ICU
admission, [9]. Physical therapy and psychiatric visits were the most costly outpatient
categories: 46% of ARDS survivors required physical therapist and 19% occupational
therapist [8], while 18% visited a psychiatrist and 48% of survivors used psychiatric med-
ications

25.2.11 Job and Lost Earnings

In a 2 years study on ARDS survivors, 49% at 1 year and 65% of survivors returned to job
at 1 and 2 years, respectively [9] mostly to their preceding jobs.

On a 5-years period, the proportion of patients ever returned to job was 51% at 1 year,
45% at 2 years, and only 31% at 5 years of employed ARDS survivors ever returned to job
[25]. Time to return to work was associated with a high Charlson comorbidity index,
mechanical ventilation duration, and discharge to an healthcare facility after ICU [25].
In another study from the same team, 49% of previously employed survivors from ARDS
were jobless at 6 months and 44% at 1 year. Half of them who returned to work, returned
by 13 weeks after hospital discharge and 68% at 1 year. The inability to return to work was
linked to age (patients aged more than 48 years old) and the nonwhite race status (32%
at 1 year versus 64%) [5].

Forty three percent never returned to their previous work, 27% reported reduced
effectiveness at work, and 31% experienced a major occupation change with reduction of
worked hours time.

The cumulative lost earning after ARDS was estimated at around 180,000 U.S. dollars
over a 5-year period. Limitation of working due to disability accounted for 55% of cumula-
tive lost earnings [25]. Over 12-month follow-up, nonretired survivors accrued an average
lost earning of 27,000 U.S. dollars, representing 60% of the pre-ARDS annual income [5].
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A decrease in coverage of private insurance and an increase of government-funded
healthcare coverage were reported between 14-33% and 16-37%, respectively [9].

Conclusion

Postintensive care syndrome is commonly observed in survivors of ICU patients. It associ-
ates a lot of physical, cognitive, psychological, and societal complications. This is also asso-
ciated to a high consumption of care and therefore high induced costs during hospital stay
and after hospital discharge. Persisting needs for ventilation and tracheostomy seem to be
the principal factors of burden. The impact is not limited to patients but concern caregivers
and family. Economical consequences include employment reduction and loss of earning
up to 60% of the pre-ICU admission annual income.

— Take Home Messages

Postintensive care induces high morbidity and high related costs during ICU
stay but also after discharge.

The need for home care service, need for physical rehabilitation, as well as
psychological and psychiatric cares are the most common features after ICU
discharge

The impacts on ability to work and incomes lowering are important. They
induce occupational changes and a mean lost of earning around 30,000 a year.
The main responsible factors are the level of disability and the persisting need
of mechanical ventilation
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Learning Objectives

In this chapter, we provide the reader with insights into the clinical outcomes and financial
aspects of post-ICU clinics. In the first part of the chapter, we start by defining the costs of a
post-ICU clinic and provide an overview of methods commonly used to assess the effective-
ness of healthcare interventions, such as post-ICU clinics. A framework will also be provided
to combine and integrate both cost and effectiveness assessment of these clinics. In the
second part of the chapter, we discuss the two landmark trials on cost-effectiveness of post-
ICU clinics to conclude that they are not cost-effective due to a lack of evidence for their
effectiveness. Finally, we will conclude the chapter by proposing some ideas for future
research.

26.1 Introduction

It is estimated that at least half of ICU survivors suffer from Postintensive Care Syndrome
(PICS), which is characterized by a new or worsening decline in physical, cognitive, and/
or mental health [1-3]. Given the high prevalence and complexity of the syndrome,
healthcare interventions to improve the quality and duration of life after ICU are likely to
require a multidisciplinary approach.

The cost of modern healthcare interventions may outweigh the economic benefits in
healthcare systems particularly in those that are already under financial pressure. Policy
makers require tools to allocate the available resources responsibly and according to soci-
etal needs and willingness to pay. One of the methods available to policy makers is cost-
effectiveness analysis (CEA) in which the net costs of an intervention will be related to the
expected benefits. In this chapter, we will outline the essentials of CEA and apply it to
interventions for postintensive care syndrome.

26.2 Cost, Effectiveness, and Cost-Effectiveness Analysis

26.2.1 Defining Cost

Providing intensive care services is an expensive healthcare intervention, and survivors of
intensive care have a continued need for ongoing care after ICU and hospital discharge.
Although data on postintensive care expenditure is scarce and literature reports on differ-
ent aspects of care are available, a recent systematic review by Lone and colleagues high-
lights some key elements [4]. During the first year after discharge from hospital,
expenditure peaks with an estimated cost ranging from US $18,847 to US $148,454. More
than half of these costs arise from acute care with a lesser contribution from care provided
by community healthcare workers. Given the high costs of ongoing secondary care and
hospital readmissions [5], a pre-emptive strategy using postintensive care clinics to avoid
readmission is a candidate intervention to attempt to reduce healthcare costs. The effec-
tiveness of postintensive care clinics has not yet been demonstrated; however, given the
complexity of PICS, a clinic will likely require a multidisciplinary team. Based on the
experience of UK- and US-based clinics, these clinics are typically staffed by a critical care
physician, pharmacist, psychologist/psychiatrist, nurse, dietician, occupational therapist,
and physiotherapist [6, 7]. Architectonic requirements for a clinic may not only include
consultation offices, but also a rehabilitation unit and gym. Prior to making calculations
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regarding the costs of a proposed clinic, we need to properly understand how to define
costs in healthcare.

Defining cost as the net expenditure requires not only a clear delineation of the differ-
ent types of costs, but also a scope on the timeframe of the expenditure and to whose
budget the expenditure is attributed. In general, costs in medicine can be subdivided into
two main categories: cost of providing the health intervention and access costs [8, 9]. The
costs of providing the intervention such as a postintensive care clinic can be further cate-
gorized into two different categories — fixed or variable. Fixed costs are typically indepen-
dent of patient volume the intervention addresses; for example, rent of the clinical space
required to host a postintensive care clinic remains fixed independent of whether we treat
few or many patients per day. Variable costs on the other hand are patient volume depen-
dent, for example, lab tests, drug prescriptions costs, etc. Typically, the fixed costs of run-
ning a clinic far outweigh the variable costs.

Costs can also be divided into direct and indirect costs. Direct costs can be directly
attributed to patient care, for example, time a physiotherapist or physician spends seeing
patients at the clinic. Indirect costs, often referred to as overheads, are the costs that can-
not be linked to a single patient and are shared among patients, for example, electricity
and heating, time staff spend writing reports, etc. Based on the composition of healthcare
teams staffing such clinics, it may be clear that costs for staft will be the main expenditure.
Access costs on the other hand are the costs that are made by patients and their families in
order to be able to take part in healthcare delivery. Examples of access costs are transpor-
tation and lodgings. When determining costs, one must also consider the optimal time
allowance for delivery of the care offered to a patient. It must be recognized that the longer
we spend on any individual patient, the less likely the intervention is to be cost-effective.

From a societal perspective, there are two important cost considerations. First of all,
there is the question of who pays for the clinics. If the patient or a private insurance pays
for the intervention, the cost is not transferred to the public and does not include a loss of
opportunity for society (at least directly). A second cost consideration is the decreased
productivity and lost income by the patient and their family caregivers. A study performed
by Griffiths et al reported that one-third of patients discharged from intensive care had a
negative impact on employment and income at 1 year [10]. Approximately one-fifth of
patients required assistance with the activities of daily living at 1 year. In the majority of
cases, this help was provided by a family member, who had to make significant adjust-
ments to their work schedules in half of the cases. In less than 10% of all cases, the sup-
porting family member also had a significant drop in employment activity for at least 1
year. According to the results of a smaller trial performed by Quasim et al., approximately
only two-thirds of patients who were working prior to ICU admission had returned to
work at 2 years after discharge [11]. These factors should ideally be included in a cost-
effectiveness analysis.

26.2.2 Defining Effectiveness

Since PICS is a complex syndrome spanning multiple levels of human wellbeing, it may be
difficult to determine the exact impact of interventions treating PICS. The WHO defini-
tion of health as “a state of complete physical, mental and social well-being not merely in
the absence of disease or infirmity” significantly overlaps with the domains affected by
PICS [12]. In the medical literature, the 5 domains of health (physical, psychological,
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social, economic, and religion), as defined by Spilker, are often reduced to the first 3 of
these domains and are referred to as health-related quality of life (HRQoL) [13, 14].
Multiple instruments exist to measure the HRQoL; however, the SF-36 and EQ-5D or
“EuroQol 5 dimensions” are well established and partially validated in the critical care
literature [14]. The SF-36 consists of 36 questions spanning 8 domains: vitality, physical
functioning, bodily pain, general health perceptions, physical role functioning, emotional
role functioning, social role functioning, and mental health. Scoring of each domain will
generate a score between 0 and 100 per domain, with higher scores representing better
health [14, 15].

Although the SF-36 questionnaire was not designed to generate a single number rep-
resenting a general state of health, an increasing amount of scientific papers report on the
“SF-36 total score”. Since this total score is not supported by the designers of the SF-36 and
there is no accurate method of calculation, a degree of skepticism should be maintained
regarding this score. Despite the fact that the 8 domains should not be combined to one
number, it is possible to deduct a physical and mental score, respectively, referred to as the
physical component summary (PCS) and mental component summary (MCS).
Calculations incorporating weighing factors for the different domains are done by private
company-owned algorithms [15]. Shorter variations of the SF-36 (e.g. SF-12) were
designed to reduce survey length and patient burden.

The EQ-5D is made up by 2 components: a descriptive component and the EQ-VAS
score. The descriptive component measures health in 5 dimensions: mobility, self-care,
usual activities, pain, and anxiety/depression. In the descriptive component, the respon-
dent will be asked to answer questions according to 5 levels ranging from no problems
to extreme problems. The EQ-VAS records the patient’s self-reported health by marking
an “X” on a 20 cm vertical scale ranging from 0 to 100 with the extremes of the scale
labeled as “best imaginable health state” and “worst imaginable health state” [16]. The
inclusion of the EQ-VAS score into the EQ-5D has the advantage that the HRQoL
obtained by the descriptive component can be weighted and valued, which is in contrast
to the SF-36 that will require additional techniques such as time trade-off or standard
gamble to value the health state [17]. Although both weighing techniques are fundamen-
tally different, they both use clinical scenarios with patient preferences for specific health
states to determine the HRQoL weights. In the time trade-off technique, patients are
asked to choose between living a longer life with a disability state or having a shorter life
in perfect health. The time period in full health is then varied until the patient is indif-
ferent to both the choices. The standard gamble confronts the patients with a choice
between remaining in the current state of health or taking a gamble for perfect health,
but risking death. The probability of risking death varies until the patient is indifferent
between certainty and gamble.

Although SF-36 and EQ-5D are validated, several limitations should be considered.
First of all, self-reported quality of life is often referred to as “subjective” and dependent on
the feeling of well-being, which may have been reset from the patient’s baseline due to a
feeling of having conquered death. As such a patient may have false-positive feelings
regarding his/her proficiency in the activities of daily life or regarding his/her feelings of
anxiety and depression. This “cheated death” phenomenon was described earlier by
Cuthbertson et al. [18] Second, HRQoL is in fact variable in time and it may be challeng-
ing to choose the best time-frame to evaluate the HRQoL after a healthcare intervention,
since treatment effect may vary over time with a potential risk for over- or underestima-
tion (mostly under). We note that the identification of HRQoL assessment as being
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“subjective” is misleading. Of course, the assessment of HRQoL by a patient about their
own HRQoL is subjective, but it is their subjectivity, which they are entitled to. Surely
subjectivity is only a problem for outcome measurement when it is the observer who
introduces it into the measurement.

Critical care survivors have ongoing physical and psychological problems affecting
quality of life after discharge. Although quality of life improves within the first year, it
typically does not reach the same level of quality of age- and sex-matched controls
(although they were also lower before ICU admission). A cohort study performed by
Cuthbertson et al. showed that physical quality-of-life scores rose to premorbid levels at 1
year, but that this improvement was reversed between 2.5 and 5 years. Interestingly, despite
well-described psychological problems in this population, data show that mental quality-
of-life score rapidly improved and rose back to population norm at 6 months [18].

26.2.3 Quality-Adjusted Life Years (QALY), Willingness to Pay
(WTP), and Incremental Cost-Effectiveness Ratio (ICER)

Once the HRQoL weights have been calculated, QALY or quality-adjusted life years can be
calculated by multiplying the HRQoL weight by the years lived in that particular health
state. One year lived in perfect health equals 1 QALY, while 1 year lived in a health state
with an associated HRQoL weight of 0.7 equals 0.7 QALYs. B Figure 26.1 depicts a simpli-
fied theoretical model of the effects that an ICU admission and post-ICU interventions
could potentially have on QALYs gained. At the time of the ICU admission, the HRQoL
acutely drops (although the premorbid baseline is low compared to age- and sex-matched
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B Fig. 26.1 QALY after ICU and healthcare interventions. (Adjusted from Whitehead et al. [17])
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O Fig.26.2 Cost-effectiveness plane and plotted ICER. (Adjusted from Cohen et al. [19])

controls). If the patient is discharged from the ICU alive, the HRQoL is lower than the
premorbid state without any interventions, the HRQoL remains low, and further decreases
until the patient ultimately dies (red line). If a (theoretical) treatment is offered, the
HRQoL gradually improves and the patient not only lives longer, but also gains a higher
HRQoL score (green line). The area between the green and red curves equals the addi-
tional QALY gained by the intervention.

Once the effectiveness of an intervention is established, the cost-effectiveness can be
determined by linking the cost to the QALY's gained or lost. A first method to conceptual-
ize cost-effectiveness is by plotting the data on a cost-effectiveness plane (8 Fig. 26.2). On
this plane, the position on the x-axis depicts the effectiveness, while the position on the
y-axis shows the associated cost. The intersection of both axes (named R, Reference) illus-
trates the reference value for an already established therapy. By plotting the data of newer
therapies on the graph, a comparison to the reference will give insight in cost-effectiveness.
In the best scenario, a new intervention is situated in the southeast quadrant, which indi-
cates an increased effectiveness at reduced cost in comparison to current therapy. In the
southwest quadrant, the new intervention is less costly but also less effective but could still
be cost-effective. Interventions situated in the northwest quadrant should be rejected,
since they combine a reduced effectiveness at increased price. The northeast quadrant
corners interventions that have increased effectiveness, but come at a higher price and
may be cost-effective depending on the cost. A second method to evaluate cost-
effectiveness in trials is to determine the “incremental cost-effectiveness ratio” (ICER).
The ICER is defined as the difference in cost between two interventions divided by the
difference in QALY. It represents the incremental cost to obtain one additional QALY. The
angle between the black ICER line and the x-axis will be determined by society’s willing-
ness to pay. If society is willing to pay more per QALY gained, the angle will increase and
vice versa for a lower willingness to pay per QALY. The ICER of a specific intervention can
be plotted on the cost-effectiveness plane by connecting data points from the intervention
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to the reference data [19]. The red ICER line represents an intervention with a higher cost
per QALY gained, while the green ICER line represents an intervention with a lower cost
per QALY gained.

There remains the question of at what level the cost-effectiveness threshold is set at by
society; in other words, what is a society willing to pay for one QALY gained? Historically,
this threshold was set at US $50,000 in the mid-1990s and despite higher estimates, this
cut-off is still often used in North American literature [20]. In the United Kingdom, on the
other hand, this threshold was set at £20,000-£30,000, but on occasions can be higher
[21]. A recent systematic review by Nimdet et al reports on society’s willingness to pay
(WTP) per QALY gained [22]. It appears that a dichotomy exists between the WTP for
interventions that save lives and interventions that affect quality of life. Life-saving inter-
ventions were valued higher with a cost-effectiveness threshold of two times the global
domestic product (GDP) per capita, while interventions improving quality of life were
valued at only 0.6 times the GDP per capita. These data are in contrast with the WHO
recommendations, which set the threshold at two to three times the GDP per capita per
QALY gained, or approximately US $110,000 to $160,000 per QALY gained [20, 23].

26.3 Cost-Effectiveness of Postintensive Care Clinics

In the early 1990s, the awareness of “life after intensive care” significantly rose and in an
attempt to improve the quality of life, the first post-ICU clinic was started in 1993 in
Reading, UK [24]. In the years following, more post-ICU clinics were organized through-
out the UK and also in Australia. In 2011, the first post-ICU clinic was started in the
USA. Despite unproven efficacy of post-ICU clinics, their popularity and presumed need
keeps growing. Before examining the cost-effectiveness of postintensive care clinics, we
need to ascertain their effectiveness.

In a randomized controlled multicentre trial performed in three UK-based hospitals
with well-established postintensive care clinics, routine follow-up was compared to a
combination of follow-up plus a 6-week self-help rehabilitation manual [25]. The study
showed a trend toward improved physical recovery at 6 months as indicated by a higher
score on the “z score” of the SF-36 score for the intervention group. There was no effect on
anxiety and posttraumatic stress disorder-related symptoms at 6 months. A cohort trial
performed from 2006 until 2009 evaluated the effects of follow-up consultations on anxi-
ety and depression. Patients were invited to a multidisciplinary consultation (held by
nurse, physician, and physiotherapist) at 3, 6, and 12 months after ICU discharge. At the
time of the consultation, patients were offered a visit to the ICU and the ICU events were
explained. Patients were also screened for psychiatric and physical problems. If the team
suspected any problems in mental or physical recovery, the patient was offered referral to
a psychiatrist or physiotherapist respectively. Study results showed that psychological
problems were more common in women than in men and that the study intervention
could have a positive effect on symptoms of anxiety and depression in women [26].

Although the aforementioned trials provide some information on the effects of pos-
tintensive care clinics, they do not offer any insights in the effects on HRQoL and cost-
effectiveness. The PRaCTICaL and RECOVER trial are two well-designed randomized
controlled trials that studied both HRQoL and cost-effectiveness of postintensive care
clinics. The PRaCTICalL trial is a multicentre trial performed in three UK-based hospitals
[27]. One of the hospitals already had a postintensive care clinic (Reading) and assisted in
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setting up the program in the other two hospitals. In this study, a total of 286 mechanically
ventilated patients discharged from intensive care unit were included, irrespective of the
length of stay, and were randomized in two study groups. The control group had standard
follow-up by their general practitioner and primary hospital specialist. The intervention
group received a manual based self-directed physical rehabilitation program designed by
a physiotherapist. The manual was introduced in hospital by a study nurse and was to be
continued until 3 months after discharge from hospital. At 3 and 9 months after hospital
discharge, patients were formally reviewed at nurse-led, physician-supported clinics.
During these clinic visits, patients’ ICU experiences were discussed and the need for spe-
cialist medical or psychiatric referral was assessed. Patients were also offered a visit to the
ICU. Assessment at 12 months showed that there was no significant difference between
both groups with respect to HRQoL as measured by the SF-36 physical and mental score.
The mean scores on the SF-36 physical component was 42 (SD 10.6) for the intervention
group compared to 40.8 (SD 11.9) for the control group (50 being the age- and sex-
matched population mean). For the SF-36 mental component, the intervention group
mean score was 47.1 (SD 12.7), while the control group mean score was 46.8 (SD 12.4).
Since the trial did not account for length of ICU stay, a subgroup analysis including
patients with ICU stays longer than 3 days was performed; however, it did not have a sig-
nificant treatment effect. In the economic evaluation, the study paired the estimated cost
with the gained QALYs. Cost estimations were made per patient by linking data from
questionnaires and hospital notes to study specific cost estimations and governmental-
published data of healthcare costs per intervention. QALYs were calculated from the AUC
derived from EQ-5D questionnaires, which were valued for a UK population. The inter-
vention resulted in a mean total QALY gain of 0.423 at a mean cost of £7126. In compari-
son to the control group, where a mean cost of £4810 resulted in 0.426 QALY gain, the
intervention was significantly more expensive than standard care. Despite the fact that the
cost of the intervention is still below society’s willingness-to-pay threshold, the interven-
tion is simply not cost-effective, since there is no difference in QALY. In fact, this analysis
suggests it would be cost-effective to withdraw ICU follow-up clinics from practice.

The RECOVER trial was conducted between 2010 and 2013 in two UK hospitals [28].
The study randomized a total of 240 patients — that had received more than 48 hours of
mechanical ventilation - after discharge from the ICU. After randomization, all patients
received a self-help post-ICU rehabilitation manual to guide their recovery. A ward-based
multidisciplinary team consisting of physical, occupational, and speech -and-language
therapists provided tailored care to all patients. In contrast to the control group, the
patients in the intervention group not only received care at a higher frequency and inten-
sity, they were also provided with information, which was thought to be helpful for their
recovery. To comply with the increased workload in the intervention group, the team of
therapists was supported by three multiskilled research assistants assigned solely to the
patients receiving the intervention. The research assistants also coordinated the delivery of
additional information by offering patients a meeting with an ICU consultant to discuss
their ICU stay, by providing a lay summary of the ICU events and by offering a visit to the
ICU. After hospital discharge, research assistants tried to contact patients at least once to
check up on them and to provide them with contact details for support. Despite increased
mobility, exercise, and occupational therapy, the results are rather disappointing. At 3, 6,
and 12 month assessment, there was neither significant group difference in mobility scores,
nor in HRQoL and depression/anxiety symptoms. The mean QALY, as calculated by SF-12,
was 0.54 (SD 0.20) for the intervention group and 0.54 (SD 0.18) for the control group.
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Due to a lack of data on primary healthcare utilization, cost estimations were limited
to secondary care costs from randomization to 1-year follow-up. The mean costs for the
intervention group was calculated at £49,000 (with a range from £7000 to £249,000) and
was similar to the cost of the control group, which was also £49,000 (range £10,000-
£304,000). To account for the wide range of secondary healthcare costs and estimations of
the intervention delivery costs, a linear regression analysis was performed. The results
showed that the intervention led to a nonsignificant additional cost of £2000. The
RECOVER trial concluded that the intervention as such was not cost-effective.

O Figure 26.3 depicts a simplified cost-effectiveness plane for both RECOVER and
PRaCTICaL trial. For the RECOVER trial, results are situated in the northwest quadrant,
making the intervention less effective at a higher cost. The PRaCTICaL trial shows a sim-
ilar effectiveness in both groups; however, the intervention is more costly. The black ICER
line represents the incremental cost society would be willing to pay per QALY gained,
while the red ICER line represents the incremental cost according to the intervention.

26.4 Future Research

As illustrated by the PRaCTICaL and RECOVER trial, complex interventions for postint-
ensive care rehabilitation provide neither clear benefit on outcome nor on cost-
effectiveness. Several factors, such as residual neuromyopathy and protracted inflammatory
response, may account for the lack of efficacy of physical therapy after ICU. Critical illness
myopathy and polyneuropathy affect up to two-thirds of patients requiring critical care
and up to one-third have residual symptoms at discharge from the hospital [29]. Persistent
neuromyopathy may not only hinder physical therapy, it may also limit the inherent abil-
ity to actually recover. Furthermore, it was illustrated by the RECOVER trial group that
not only the majority of patients had a proinflammatory phenotype at 3 months after
discharge, but that this was also associated with poor physical recovery [30]. The exact
timing and “dosage” of physical therapy is still unclear. It is even possible that classical
physiotherapy may not be effective in this syndrome. Future research may need to focus
on a tailored approach according to individual inflammatory biomarker levels and EMG
studies to decide on the timing [30] of initiation and nature of recovery programs.

26
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— Take Home Messages

Costs of modern healthcare interventions can outweigh the available resources
and put pressure on healthcare systems. Cost-effectiveness analysis will help
policy makers to allocate the resources responsibly and according to societal
needs.

An increasing awareness of the devastating consequences of PICS on the
quality of life of ICU survivors has led to a move toward following up patients in
post-ICU clinics. Despite the unproven efficacy of these clinics, the number of
post-ICU clinics is growing.

The PRaCTICaL and RECOVER trial studied the cost-effectiveness of post-ICU
clinics and illustrated that these clinics are not cost-effective, due to a lack of
effectiveness. Based on these trials, it would be cost-effective to withdraw ICU
clinics from practice.
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